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PREFACE « Acknowledgements 


The twelfth thoroughly revised and enlarged edition of Modern’s abc of Physics was brought 
out in March, 2002 for Class XII of Senior Secondary Certificate Examination of C.B.S.E. and School 
Education Boards of other Indian States. It is really heartening and satisfying-for the author that 
the new features of the book earned a great appreciation from both the students and the learned 
colleagues of various schools and colleges. In the present edition, the text has been thoroughly 
revised and recast to make it more systematic and uptodate. 

Salient Features of the Book 

@ The whole text has been arranged strictly according to N.C.E.R.T. pattern. 

@ To provide clarity of the subject, the whole text is studded with The jargon (to define and 
introduce a new physical term), Key point (to highlight the important concept in an article), 
Watch out (to make distinction between the physical meaning of a term and its meaning 
in everyday life) and Self-test Question (to enable the students to test their grip on the 
article). 

® The article work in each chapter of a unit is coupled with well graded and carefully selected 
Solved Numerical Problems. 

@ Very Short Answer Questions and Short Answer Questions set in various Board 
Examinations have been throughly scanned and incorporated in the book with proper 
Answers / Hints. 

® Under the heading Techie-Stuff, a good number of both Conceptual Numerical Problems 
and Conceptual Short Answer Questions have been provided for ambitious, brilliant and 
curious students with an aim to inculcate the much needed urge and desire in such student 
to probe the subject more deeply. 

® Unsolved Numerical Problems for Self-practice have been categorised into various types, 
so as to enable the students to choose the appropriate formula with ease. 

® Competitive Examination File at the end of each unit forms another special feature of the 
book. 

Revision at a Glance provides an overview of the contents of a unit for easy and 
handy reference of various physical laws, principles, terms and formulae dealt in the 
unit. 

Numerical Problems from Competitive Examinations, such as I.I.T., Roorkee and 
I.S.M., Dhanbad have been provided with solutions by adopting a novel technique 
in the form of Thought Process. Armed with this technique, the students will be able 
to attack the otherwise brainteasing and seemingly incomprehensible numerical 
peoblems with great ease. 

Multiple Choice Questions set in various competitive examinations, such as C.B.S.E., 
A.L.LMS., A.F.M.C., M.N.R., C.P.M.T., LLT., etc have been thoroughly covered in the 
book. So that students can prepare them easily, these questions have been categorised 
into Text-Based and Thought-Based Multiple Choice Questions. 
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FACE TO FACE 


It is a general feeling among both the teachers and the taught that the 


numerical problems that are set in the Competitive Examinations for 
admission to I.I.T., Roorkee and some other Engineering Colleges are so 
intricate in nature that they become seemingly incomprehensible. But clue 
to the problem is always somewhere in the cacoon of it. Therefore, in order 
to train the students to dig out that much vital clue, Thought Process has been 
given just before the formal solution of such a menacing problem. Thought 
Process will enable the students to prepare a proper line of attack for the 
problem. The same approach has been followed in case of a few Conceptual 
Numerical Problems also. The author firmly believes that armed with this 
technique, the students will be able to attack the otherwise much mind- 
boggling problems with great ease and rare confidence and the problem will 


simply surrender before him/her. 
Wishing you a Happy Numerical Problems Solving. 


To keep pace with the fast changing intellectual climate, the author invites 
the readers to visit the book site on the Internet. The on line addition of this 
book is an attempt to reach out to the students so as to keep them abreast with 
the latest questions set in the various examinations. With this factility the 
readers can have a direct interaction with the author through e-mails. It is a 
direct outcome of the deliberations between Mr. Sameer Jain, my son-in-law 


and Sh A.K. Malhotra, the dynamic publisher. 


— Author 


SYLLABUS 


Central Board of Secondary Education, Delh. 


CLASS XII (2003 — 04) 
One Paper Time : 3 Hours 70 Marks 


Electrostatics 

Current Electricity 

Magnetic Effects of Current and Magnetism 
Electromagnetic Induction and Alternating Current 
Electromagnetic waves | 

Optics 

Dual Nature of Matter and Radiation 

Atomic Nucleus 

Solids and Semiconductor Devices 


Principles of Communication 


UnitI : Electrostatics (Periods 22) 


@ Frictional electricity, charges and their conservation; Coulomb’s law - Forces between two point electric charges, 
Forces between multiple electric charges; Superposition principle and continuous charge distribution. 


Electric field and its physical significance, electric field due to a point charge, electric field lines; Electric dipole, 
electric field due to a dipole and behaviour of dipole in a uniform electric field. 


Electric potential-physical meariing, potential difference, electric potential due to a point charge, a dipole and 
system of charges; Equipotential surfaces, Electrical potential energy of a system of two point charges and of 
electric dipoles in an electrostatic field. 


Electric flux, statement of Gauss’s theorem and its applications to find field due to infinitely long straight wire, 
uniformly charged infinite plane sheet and uniformly charged thin spherical shell. 


Conductors and insulators, presence of free charges and bound charges inside a conductor; Dielectrics and 
electric polarisation, general concept of a capacitor and capacitance, combination of capacitors in series and 
in parallel, energy stored in a capacitor, capacitance of a parallel plate capacitor with and without dielectric 
medium between the plates; Van de Graff generator. 


UnitII : Current Electricity (Periods 22) 


® Electric current, flow of electric charges in a metallic conductor, drift velocity and mobility, and their relation 

with electric current; Ohm’s law, electrical resistance, V—J characteristics, Exceptions of Ohm’s law (Non-linear 

_ V-I characteristics), electrical resistivity and conductivity, classification of materials in terms of conductivity; 

Superconductivity (elementary idea); Carbon resistors, colour code for carbon resistors; combination of 

resistances - series and parallel. Temperature dependence of resistance. Internal resistance of a cell, Potential 
difference and e.m.f. of a cell, combination of cells in series and in parallel. 


Kirchhoff’s law—Illustration by simple applications, Wheatstone bridge and its applications for temperature 
measurements, Metre bridge—special case of Wheatstone bridge. 


Potentiometer-principle and applications to measure potential difference and for comparing e.m.fs. of two 
cells. 


Electric power, thermal effects of current and Joule’s law; Chemical effects of current-Faraday’s laws of 
electrolysis; Electro-chemical cells—Primary and secondary cells, solid state cells. 


Unit II : 
® 
Unit IV 
® 
UnitV. < 
e@ 
Unit VI 
. 
Unit VII : 
@ 
UNIT VIII: 
@ 
UNIT IX : 
® 
UNIT X : 
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Thermoelectricity—origin, elementary ideas of Seebeck effect, Thermocouple, Thermo-emf, neutral and inversion 
temperatures. Measurement of temperature using a thermocouple. 

Magnetic Effect of @urrent and Magnetism (Periods 22) 
Concept of magnetic field. Oersted’s experiment, Biot-Savart law, magnetic field due to an infinitely long current 
carrying straight wire and a circular loop ; Ampere’s circuital law and its applications to straight and toroidal 
solenoids ; Force on a moving charge in uniform magnetic and electric fields, Cyclotron ; Force on current-carrying 
conductor in a uniform magnetic field. Forces between two parallel current carrying conductors—definition of 
ampere ; Torque experienced by acurrent loop in a uniform magnetic field, moving coil galvanometer—its current 
sensitivity and conversion to ammeter and voltmeter. 

Current loop as a magnetic dipole and its magnetic dipole moment ; Magnetic dipole moment of a revolving electron; 
Magnetic field intensity due to magnetic dipole (bar magnet) along the axis and perpendicular to the axis ; Torque 
on amagnetic dipole (bar magnet) in a uniform magnetic field ; Bar magnet as an equivalent solenoid, Magnetic 
field lines ; Earth’s magnetic field and magnetic elements ; Para, dia and ferromagnetic substances with examples, 
Electromagnets and permanent magnets. 

Electromagnetic Induction and Alternating Current (Periods 18) 
Electromagnetic induction, Faraday’s laws, Induced e.m.f. and current, Lenz’s law, Eddy currents, self and mutual 
inductance. 

Alternating current, peak and r.m.s. value of alternating current/voltage, reactance and impedance ; LC- 
oscillations, LCR series circuit (Phasor diagram) — Resonant circuits and Q-factor; Power in a.c. circuits, 
wattless current. 

a.c. generator and transformer. 

Electromagnetic Waves (Periods 7) 
Electromagnetic waves and their characteristics (qualitative ideas only); Transverse nature of electromagnetic 
waves. 

Electromagnetic spectrum (Radio, microwaves, infra-red, optical, ultra-violet, X-rays, gamma rays) including 
elementary facts about their uses; Propagation of electromagnetic waves in atmosphere. 

Optics (Periods 26) 
Refraction of light, total internal reflection and its applications, spherical lenses, thin lens formula, lens maker’s 
formula; Magnification, Power of a lens, combination of thin lenses in contact; Refraction and dispersion of light 
due toa prism, Scattering of light — Blue colour of the sky and reddish appearance of the sun at sun-rise and sun- 
set. 

Optical instruments-Compound microscope, astronomical telescope (refraction and reflection type) and their 
magnifying powers. 

Wave front and Huygens’ principles ; Reflection and refraction of plane wave at a plane surface using wave fronts 
(qualitative idea) ; Interference — Young's double slit experiment and expression for fringe width, coherent sources 
and sustained interference of light; Diffraction — diffraction due to a single slit, width of central maximum, 
difference between interference and diffraction ; Resolving power of microscope and telescope; Polarisation, Plane 
polarised light, Brewster’s law ; Use of plane polarised light and polaroids. 


Dual Nature of Matter and Radiation (Periods 6) 


Photo-electric effect, Einstein’s Photo-electric equation—particle nature of light, photo-cell, Matter waves — wave 
nature of particles, de-Broglie relation, Davisson and Germer experiment. 


Atomic Nucleus (Periods 12) 


Alpha-particle scattering experiment, size of the nucleus, composition of the nucleus — protons and neutrons. 
Nuclear instability — radioactivity — alpha, beta and gamma particles/rays and their properties, radioactive decay 
law, simple explanation of a-decay, B-decay and y-decay. Mass-energy relation, mass defect, Binding energy per 
nucleon, its variation with mass number, Nature of nuclear forces, nuclear reaction — Nuclear fission and Nuclear 
fusion. 

Solids and Semiconductor Devices | (Periods 18) 
Energy bands in solids (qualitative ideas only), difference between metals, insulators and semi-conductors using 
band theory; Intrinsic and extrinsic semi-conductors, p-n junction, Semiconductor diode — characteristics in 
forward and reverse bias, diode as a rectifier, solar cell, photo-diode, LED, zener diode as a voltage regulator; 
Junction transistor, transistor action, characteristics of a transistor; Transistor as an amplifier (common-emitter 
configuration) and oscillator; Logic gates (OR, AND, NOT, NAND and NOR); Elementary ideas about I.C. 
Principles of Communication (Periods 20) 
Elementary idea of analog and digital communication ; Need for modulation; Modulation—amplitude, frequency 
and pulse modulation; Elementary idea about demodulation, Data transmission and retrieval— Fax and Modem. 
Space Communication : Propagation of e.m. waves in atmosphere. Sky and space wave propagation. Satellite 
communication. Applications in remote sensing. 

Line Communication : 2-wire lines, cables, telephone links; optical communication (optical fibre, Lasers), 
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3 “Charge | is that o certain something possessed by material objects that makes 
ee : } poste for them » exert oak force and to respond to electrical force.’ 
| Oe ne — William Gilbe: 


gee 1.01. FRICTIONAL ELECTRICITY 


In 600 B.C., the Greek philosopher Thales observed that amber, when rubbed 
vith wool, acquires the property of attracting objects like small bits of paper, dry 
eaves, dust particles, etc. There are many other substances like amber, which can 
Iso acquire the property of attracting such light objects on being rubbed with 
uitable substances. For example, a glass rod on being rubbed with silk, an ebonite 
od on being rubbed with fur, a plastic comb on being run through dry hair, etc. 
the amber, glass rod, ebonite rod or plastic comb are said to be electrified or charged 
vith electricity. Wool (in case of amber), silk (in case of glass rod) and fur (in case 
f ebonite rod) are also found to be electrically charged. 

The electricity developed on objects, when they are rubbed with each other, is called 
rictional electricity. 

The electric charges so developed cannot move from one part of the object to 
he other part. For this reason, frictional electricity is also known as static electricity. 


gen 1.02. TWO KINDS OF ELECTRIC CHARGES 


To show that electric charges are of two types, take a glass rod and suspend it 
vith a thread after rubbing it with silk. If another glass rod rubbed with silk is 
ought near it, the two rods are found to repel each other. In the same fashion, two 
bonite rods each rubbed with fur are also found to repel each other. But when an 
bonite rod rubbed wiih fur is brought near a glass rod rubbed with silk, the two 
ods are found to attract each other. The above observations lead to the following 
wo conclusions : 

1. The electric charge developed on glass rod (rubbed with silk) is different from 
he charge developed on ebonite rod (rubbed with fur). 

2. The electric charges of same kind (charges developed on two glass rods or 
m two ebonite rods) repel each other, while those of different kinds (charges 
leveloped on a glass rod and an ebonite rod) attract each other. 

Historically, the electric charge developed on ebonite rod (or amber) was called 
esinous, while the charge developed on glass rod was viterous. The American 
cientist Benjamin Franklin introduced the concept of positive and negative charges 
n order to distinguish the two kinds of charges. He named viterous as positive 
harge and resinous as negative charge. 

As said earlier, when glass red is rubbed with silk, silk is also found to be 
lectricially charged. It is found that the nature of charge on silk is opposite to that 
m glass rod. Thus, when glass rod is rubbed with silk, the glass rod becomes 
0sitively charged and silk negatively charged. In the same manner, when an ebonite 
od is rubbed with fur, ebonite rod becomes negatively charged and fur positively 
charged. 

In the table given below, if an object in first column is rubbed against the object 
siven in second column, the object in first column will acquire positive charge, while 


Silk cloth 
Ebonite rod 
Amber 
Rubber shoes 
Plastic object 


Woollen cloth 
Woollen cloth > 
: Woollen cloth 


Amber is a yellow resinous substance. It 
is a hardened sap of a tree — similar to a 
pine tree. In Greek, the meaning of amber 
is electrum and probably the words like, 
electricity, electric charge, electric field, 
electric potential and finally clectron owe 
their origin to electrum. 


Key point ‘ A 


Like charges repel cach other and unlike 
charges attract each other. 


Self-test Question F< 


Consider three objects A, B and C. A and 
B repel each other, while A and C attract. 
What is the nature of force between B and 
C? 


The jargon..... 


The charge developed on amber was 
called resinous, as amber is a resin. 


- Obviously, if the two charged objects are from the same column, they 
each other and if the two charged objects are from two different columns, they will 
attract each other. 


Mm {.03.ELECTRIC CHARGE 

All the substances are made of small particles called atoms, which are made 
of three elementary particles namely electrons, protons and neutrons. Because of 
their masses, these particles exert gravitational forces on each other. However, in 
addition to gravitational force, protons and electrons exert an extra force on each 
other, which is quite large as compared to gravitational force. This extra force is 
called electric force. Therefore, apart from their masses, protons and electrons must 
possess some additional intrinsic property. 

The additional property of protons and electrons, which gives rise to electric force 
between them is called electric charge. 

Electric charge is a scalar quantity. A proton possesses positive charge +e, while 
an electron possesses an equal negative charge — e, where 

e= 1-6 x 10-1? coulomb 

Normally, an object contains equal number of protons and electrons and as 
such, it is electrically neutral. When the numbers of protons and electrons are not 
equal, the object possesses a net positive or negative charge. 


MEE 1.04. ORIGIN OF ELECTRIC CHARGE IN FRICTIONAL ELECTRICITY 

When two different objects (such as a glass rod and silk) are rubbed together, 
they get electrified. It happens due to transfer of electrons from one object to the 
other. The object which gains electrons becomes negatively charged, while the object 
which loses electrons becomes positively charged. The appearance of charges on 
the two bodies can be explained on the basis of atomic model. 

According to atomic model, an atom consists of a central positive core, called 
nucleus. The nucleus is made of protons and neutrons, which are held inside it with 
strong nuclear forces. The electrons revolve around the nucleus in circular orbits. 
The number of electrons in an atom is equal to the number of protons in the nucleus. 
Since magnitude of charge on a protor and an electron is same, an atom is always 
electrically neutral. The electrostatic force of attraction between electrons and the 
nucleus is much weaker as compared to nuclear force between protons and neutrons 
constituting the nucleus. Because of this, whereas it is practically impossible to 
remove protons from the nucleus, electrons can be easily removed from an atom 
by supplying energy to them. The energy* required to remove an electron from the 
atom depends upon how tightly it is bound to the atom. 

Let us now explain the appearance of charge on a glass rod and silk, when they 
are rubbed together. When a glass rod is rubbed with silk, energy is provided to 
overcome friction between them. The energy so provided tends to remove electrons 
from both the glass rod and silk. In a glass rod, electrons are less tightly bound as 
compared to those in silk. As a result, the electrons get removed from glass rod and 
are transferred to silk. As the glass rod loses electrons, it becomes positively charged. 
On the other hand, silk acquires an equal negative charge on gaining electrons. It, 
therefore, follows that in the charging process due to rubbing, the appearance of 
charges is due to actual transfer of electrons. 

It may be pointed out that when two objects are charged by rubbing them 
together, the masses of both the objects change. It is because, electrons are material 
particles having a small finite mass and in the rubbing process, electrons are 
transferred from one object to the other. The positive charge appears on the object, 
which loses electrons. Hence, the mass of positively charged object is less than its 
original mass. On the other hand, the mass of negatively charged object is more 
than its original mass as the negative charge appears on it due to gain of electrons. 


Ms 1.05.ADDITIVE NATURE OF CHARGE 

We know that mass of an object is equal to the sum of the masses of its 
constituent particles. Owing to this, mass is said to be additive in nature. Like mass, 
electric charge also possesses additive property. 

The total electric charge on an object is equal to the algebraic sum of all the electric 
charges distributed on the different parts of the object. 

If 1, 4a, 93, «+. are electric charges present on different parts of an object, then 
total electric charge on the object, 

4 = 41+ 4+ Gat 

It may be pointed out that while taking the algebraic sum, the sign (positive 

or negative) of the electric charges must be taken into account. 


Key point of’ 


Electric charge is a scalar quantity. In SI, 
its unit is coulomb (C). ~ 
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In frictional electricity, the charges on two 
objects rubbed together appear due to 
actual transfer of electrons (material 
particles) from one object to the other. — 


Self-test Question 


An object contains ny protons : 1 
electrons. What is the net charge on t 


accounts : 

1. The masses of the particles constituting an object are always positive, whereas 
the charges distributed on the different parts of the object may be positive or 
negative. 

2. The total mass of an object is always non-zero, whereas the total charge on 
the object may be positive, zero or negative. 


Mam 1.06. QUANTIZATION OF CHARGE 

The magnitude of charge on a proton or an electron (e = 1-6 x 107!9 C) is called 
elementary charge. Since protons and electrons are the only charged particles 
constituting the matter, the charge on an object must be integral multiple of + e. In 
other words, the charge possessed by an object cannot be a fraction of + e. 
Mathematically, the charge on any object must always be equal to 

Gztne, 
where n is an integer. Further, the charge on an object can be increased or decreased 
in steps of e. It is known as quantization of charge or discrete nature of charge. 

The fact that all observable charges are always some integral multiple of elementary 
charge e (= + 1-6 x 10-19 C) is known as quantization of charge. 

The grainness or discrete nature of electric charge is usually not observable in 
actual partice. It is because, step size e of electric charge is very small. Due to this, 
number of elementary charges involved becomes extremely large, even when the 
electric charge on an object is changed by a very small amount. For example, when 
a glass rod is rubbed with silk, a charge of the order of one microculomb (= 10° C) 
appears on the glass rod or silk. Since one elementary charge is equal to 1-6 x 1071? 
C, the number of elementary charges on glass rod (or silk) is given by 


10° C 
A ies LSI cy 
L.6 x 10" a 
Since it is a very large number, the quantization of charge is not observed. 


Contrary to it, one observes continuous variation in charge. The quantization of 
charge cannot be explained on the basis of classical theory. 


= 6-25 x 10/2 


Ms 1.07. CONSERVATION OF CHARGE 

Just as in mechanics, the total linear momentum of an isolated system always 
remains constant, the electric charge also obeys a similar law. It is called law of 
conservation of charge. 

It states that for an isolated system, the net charge always remains constant. In any 

hysical pocess, the charge it may get transferred from one part of the system to 
Bother, but net charge will always remain the same. In other words, charge can 
neither be created nor destroyed. 

The following examples explain the law of conservation of charge : 

1. We know that when a glass rod is rubbed with silk, glass rod becomes 
positively charged and silk becomes negatively charged. The amount of positive 
_ charge on glass rod is found to be exactly the same as negative charge on silk. Thus, 
the system of glass rod and silk, which had zero net charge before rubbing, still 
_ possesses zero net charge after rubbing. 

2. In all nuclear transformations, the proton number is found to remain 
unchanged. For example, in nuclear fission of uranium (9,U*°) by a neutron (,'), 
= (,,Ba!4!), krypton (,,Kr?*) and three neutrons are produced along with 

eration of energy. The nuclear reaction may be represented as below : 
git! + 9U*° —> .,Bal4! + ,.Kr?? + 3 yn! + energy 
_ Proton number before fission = 0 + 92 = 92 

Proton number after fission = 56 + 36 + 3(0) = 92 

Bene net charge (proton number) is same before and after the nuclear fission 
eu. 


Key point i 


The quantization effect of charge can be 
observed only at microscopic level. 


5 = eas ee 

3. Annihilation of matter (a positron and an electron combine to produce a y- 
ray photon) and pair production (a y-ray photon materialises into an electron and 
positron pair) are two important nuclear phenomena. Charge is conserved in both 
the two processes. 
mae 1.08.PROPERTIES OF ELECTRIC CHARGE 

The following are a few important properties of electric charge : 

1. Like charges repel each other and unlike charges attract each other. 

2. The magnitude of elementary negative or positive charge is same and is equal 
to 16x 10YC. 

3. The electric charge is additive in nature. It implies that total charge on an 
object is algebraic sum of the charges located at different poinis in the object. 

4. The charge is quantized i.e. charge carried by a charged object is equal to 
+n e, where 11 is an integer. 

5. The electric charge of a system is always conserved. 

6. Unlike mass, the electric charge on an object is not affected by the motion of 
the object. 
game 1.09. COULOMB’S LAW IN ELECTROSTATICS 

Coulomb’s law in electrostatics is electrical analogue of Newton’s law of 
gravitation. In 1785, Coulomb measured the force of attraction or repulsion between 
two electrical charges by using a torsion balance. His observations are known as 
Coulomb’s law in electrostatics. 

It states that two point charges attract or repel each other with a force which 
is directly proportional to the product of the magnitudes of the charges and inversely 
proportional to the square of the distance between them. 

The force is repulsive, if the charges are alike and attractive in case of unlike 
charges. Further, electrostatic force between two charges is central in nature. It may 
be pointed out that Coloumb’s law in electrostatic holds for stationary charges. 
Further, the two charges should be points in size. 

Consider that two charges q, and q, are present at points A and B at a distance 
r apart as shown in Fig. 1.01. Then, force between the two charges .e. 


F & 9, qo (1.01) 
1 
ites PAG MURS, 
Combining equations (1.01) and (1.02), we have 
» 41 42 
Fa ——* 
2 
44 42 
or Fak Goa 32C1.03) 


where k is constant of proportionality. Its value depends upon the nature of the 
medium in which the two charges are located and also the system of units adopted 
to measure F, q,, q, and r. 
In SL, when the two charges are located in vacuum or air, 
1 
k = 
AN Ey 

where €, is called absolute permittivity of free space*. Therefore, from equation 
(1.03), the force between two charges located in air or vacuum is given by 


1 Hn? 
=e ES (1.04 
vac 4 X Eq r2 ( ) 
The absolute permittivity of free space is measured to be 
£y = 8-854 x 10°! C2? Nm? 
1 1 
Ee usp : =9x 10? Nm? C# 
Amey 42x8-854x10°* C?N |} m? 
Hence, the equation (1.04) may be written as 
Fac = 9 * 10° x oa (in newton) (1.05) 


‘The charge on an object is not affected by 
its motion. | : ees 


A force. which acts along the line joining 
the centres of two interacting objects, is 
called a central force: EP TEED 


Key point f/ 


Coulomb‘s law in electrostatics holds for 
two point charges atrest. 


Self-test Question ? 


Using equation (1.04), show that units of 
¢,are C es ae cat a ae 


Key point i V 
‘Another unit’ of €, is farad metre"! 


* The absolute permittivity of air is only 1-005 times as that of free space (vacuum). For this reason, €y is usually taken as absolute 


permittivity of both free space and air. 
t Refer to section 5.04 of the chapier 5 on *Capaciior.’ 
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In SL, force between two charges q, and q, held in vacuum at a distance r apart 


is given by 
142 

Foo x 10x a 
Suppose that 4, = 4) =4q (say); r=1mandF,,.=9 x 10?N 
Then, 9x 10? =9 x 109 x 74 

1 

or ed 
or gq = + 1 coulomb (C) 


Therefore, one coulomb is that charge which repels an equal and similar charge witha 
force of 9 x 109 N, when placed in vacuum (or air) at a distance of one metre from it. 


Self-test Question 


Prove that 
1 coulomb = 3 x 10? statcoulomb 


Ml .i1. RELATIVE PERMITTIVITY (DIELECTRIC CONSTANT) 

When two charges are situated in some other medium in place of air, the force 
between the charges may be greatly affected. For example, when the two charges 
are placed at the same distance in water, the force between the two charges becomes 


7a Dd | 


1 
about — th of the force between them, when the same two charges are located in 


air. It is because, absolute permittivity of water is about 80 times as large as the 
absolute permittivity of free space. 
The force between two charges q, and q, located at a distance r in a medium 


may be expressed as 


ran 142 
Fined = nt » a Bes) ...(1.06) 


where € is called absolute permittivity of the medium. ' Q A 

The equation (1.04) gives force between the charges q, and qy, when they are Sel -test Question 
placed in vacuum at a distance r apart. Dividing equation (1.04) by (1.06), we have _Do relative permittivity and dielectric 
jst 1 41 92 i boper re ces constant of a medium imply different 


AT Ey ...(1.07) physical quantities ? 
Fred 4% & r Ane yf Ep pay: q i 


| 
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The ratio — is denoted bye, , called relative permittivity of the medium w.r.t. 
Eo 
vacuum. It is also denoted by K, called dielectric constant of the medium. Therefore, 
equation (1.07) gives 
F, 
¢, (or K) == = =e ...(1.08) 
du ee Key point 
Thus, relative permittivity or dielectric constant of a medium may be defined as the Two charges situated at a certain distance 
ratio of the force between two charges placed at a certain distance apart in air to the force apart exert maximum force on each other, 


| 


between the same two charges placed the same distance apart in that medium. when they are placed in vacuum (or air). 
Setting € = €) €, or € = €) K in equation (1.06), we have Ina dielectric medium, the force between 
F 1 41 92 two charges always decreases. 


ML An Ej en 76 

1 91 42 
or | Fe = .= : ...(1.09) 
meas ame, Ke 72 


M8} 12. COULOMB’S LAW INVECTOR FORM 
Consider that two like charges 4, and q, are present at points Aand Bin vacuum 
at a distance r apart. The two charges will exert equal repulsive forces on each other. 


. Pieee — 
Let F,» be the force on charge q, due to charge q, and F,, be force on charge q, due 


to charge q,|Fig. 1.02]. 


According to Coulomb’s law, the magnitude of force on charge q, due to ‘Aa 
(or on charge q, due to q,) is given by 
4S 


4 1 4 92 
| fest Ree) |S oo CY) 
Fi2 a a a 


Let 79 be a unit vector pointing from charge q, to q, and 71, a unit vector 


— 
pointing from charge q, to q,. As the force vector Fj is along the direction of unit 


AN 
vector 11, we have 
= 


D GMa x 
= r ..(1.11) 
Fig Sales Se 
> 
Also, as the force vector Fo, is along the direction of unit vector tho , it follows 
that 
m4 1 14924 
Fj, = : r se(1.12 
ag ae yh (1.12) 


The equations (1.11) and (1.12) express Coulomb’s law in vector form. 
Importance of Coulomb’s law in vector form. Coulomb’s law in vector form 
is more informative than in its scalar form for the following reasons : 


ea 
1. In vector form, Coulomb’s law straightway shows that the forces F), and 
F); are cual and opposite. 
Since 7,5 andr. 1 are unit vectors pointing in opposite direction, we have 


Py = 4 ro 
Therefore, equation (1.11) becomes, 


os 1 1 aes bea 42s ; 
= — eg (— ta) amigo ae hls 
Ce 12 ine an 12 CS ae Key point a 


From equations (1.12) and (1.13), it follows that From Coulomb's law i in n vector fo r 
follows that 


oo _ 
Fiy =— Foy , --(1.14) (i) the two charges” exert Pagal and 

2. From Coulomb’s law in vector form, it follows that the electrostatic force — opposite forces on each other. os | 
between the two charges is a central force i.e. it acts along the line joining the two (ii) the electrostatic force i is central, in 


charges. natures ; : 
on er tee tear ar tran ape oe ns en atten ate meta ea caren mn a 


From equations (1.12) and (1.13), it follows that force experienced by one charge 
due to the other acts in the direction of unit vector 7) or in the direction opposite 


to that of 7,5 . Since 75 is a unit vector along the line joining the two charges, the 
electrostatic force between two charges i is.a central force. 


_ 1. 13. FORCE BETWEENTWO CHARGES INTERMS OFTHEIR 
POSITIONVECTORS 
To express force between two point charges in terms of their position vectors, 
consider a co-ordinate frame of reference OXYZ. Suppose that the two point charges 
"12 and ie are pirreny in space at the points A and B, whose position vectors are 


OA= = * and OB = = Fi as shown in Fig. 1.04. Join the two charges q, and q, by a 


straight line. If the distance between the two charges is denoted by r and 7,, is unit 
vector from charge q, to q,, then force on charge q, due to q, is given by 
E 1 N14 
= -_——- f 
ae aie ge 
The above, equation can be rewritten as 


os : Spee a bes 
Fi = — = ea 
Cees (rr) (1.15) 


&, 


eae aie? sS>OUlUl OO 


OB+ BA=OA or BA = OA- OB 
32> Ul == Rn 
oF tf = n i fe (. BA =r 19) 
and rel rh - me | 
In equation (1.15), setting + bs = rh = r5 and r= In at ry |, we have 
i 1 a? 
Fy = 3 ae ie (4-15) ...(1.16) 
fo lr il | 
Similarly, it ey be obtained that the force on charge q, due to q, is given by 
TON 91 420 
a = ‘ (5 — n) Et (lea VA) 
AME, | % ™ a 3 


Gl 1.14. PRINCIPLE OF SUPERPOSITION 

Coulomb’s law gives the force between two point electric charges. The principle 
of superposition gives a method to find force on a charge, when a group of charges 
are interacting. 

The principle of superposition states that when a number of charges are interacting, 


the total force on a given charge is the vector sum of the individual forces exerted on the given 
charge by all the other charges. 


The force between any two charges is not affected by the presence of other 
charges. 


Consider thatn point charges q,, 4, 43, ...q,, are distributed in space in a discrete 
manner. The charges are interacting with each other. Let us find the total force on 
charge say q, due to all other remaining charges. If the charges q,, q3, ...q,, exert forces 


> > 
F,2, Fj3,--. F,, on the charge q, [Fig. 1.05], then according to principle of super- 
position, the total force on charge q, is given by 

— 


> 5 > 
F, =F2 +3 +.....+F, ...(1.18) 


If the distance between the charges q, and q, is denoted as rj, ; and 73, is unit 
vector from charge q to q,, then 


pow! 192 4 
Seles aes tris? 11 
Similarly, the force on charge q, due to ae: charges is given by 


he 1 A 
renee oats 2 


oil 
41 Eo 3 
aa 1 be 
end)" Ef = A = ra 
4 a Eo Nn ee 
Hence, in equation (1.18), substituting for a ie Oeste F,,, ; the total force 
on charge q,due to all other charges is given by 
—~ 
1 A A A 
rie LS Eien a in| 0.19) 
4m € \ n2 m3” Nn 


The same procedure can be adopted for finding the force on any other charge 
due to the remaining charges of the group of n charges. For example, force on charge 
g> due to all other charges is given by 


eT a ~ 

Fy = Fy + F3 ai ath +, 

= 1 92941 » | 42493 4 

EF = an PG 5 2 + apn 139 sie sinlnioleeisie, 2 
TM Eq 121 193 Qn 


Superposition principle in terms of position vectors of the charges. Suppose 
that the point charges q,, 4, 43, --.-. 4, are located at points in space, whose position 


Sa aie tile 2 = i IN SS A : 
vectors are 1 ,12,1%3 ia respectively. Let oul Ua ascacy fora be unit vectors from 


preeee 


Key, point 


V 


The force between any two charges is not 


F, tL 


affected by the presence of other charges. 


ge gy to qy from q; to qy, ot i 1g, to 4; 2 as SUROWAT in Fig. 06. 
proceeding an in section 1.13, the force on ‘charge q, due to qz is given by 


ee Bee 9 92 
= _n 2 @ 7) 
Fp = ane, |? =5 | 
ee 
Similarly, force on charge 4, iis tk to 5 
_— 


ad > 5 = ca 
F, = t 4) bs (nH 1) + a ie (Ge =e rz) be lackic oh fh An (7 “| 
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Ml 1.15. CONTINUOUS DISTRIBUTION OF CHARGE 

As said earlier, the electric charge is quantized and the charge on a charged 
body is always an integral multiple of the charge on a single electron or a proton. 
In most of the practical situations, charge on a charged body is so large as compared 
to the magnitude of charge on an electron or a proton that the quantization of charge 
may be ignored. In other words, we can assume that on a charged body of reasonable 
size, charge has continuous distribution. 

The continuous distribution of charge may be one dimensional, two 
dimensional or three dimensional. Accordingly, the distribution of charge is called 
linear charge distribution, surface charge distribution and volume charge 
distribution respectively. 

1. Linear charge density. When charge is distributed along a line (straight or 
Laem the charge distribution is called linear. Fig. 1.07 shows the uniform 
distribution of charge q over the length L of a straight rod. Then, linear charge density 
is defined as 


jet 


L 

Its unit is coulomb metre (C m7). 

For example, if charge q is uniformly distributed over a circular ring of radius 
R, then its linear charge density is re . 

4 

2. Surface charge density. When charge is distributed over a surface (plane 
or curved), the charge distribution is called surface charge distribution. Fig. 1.08 
shows the uniform distribution of charge g over a plane surface of area A. Then, 
surface charge distribution is defined as 


i 
> | 


Its unit is coulomb metre (C m~). 
For example, if charge q is uniformly distributed over the surface of a spherical 


conductor of radius R, then its surface charge density is P = Be! 
X 
3. Volume charge density. When charge is distributed over the volume of an 
object, it is called volume charge distribution. Fig. 1.09 shows the uniform 
distribution of charge q over the volume V of a spherical object. Then, volume charge 
density is defined as 
solid 
Ry 
Its unit is coulomb metre? (C m7). 
For example, if charge q is uniformly distributed over the entire volume of a 


sphere, then its volume charge density is : 
‘i "  eeapiR 
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CHARGES 
Now, we calculate the force experienced by a charge q, due to a continuous 
charge distribution in the following cases : 
1. When charge is distributed continuously along a line. Consider a line 
charge L (straight or curved) having a uniform continuous distribution of charge 
along its length. Suppose that we have to find force due to the line charge on a point 


charge q, placed at a point, whose position vector is r [Fig. 1.10]. 
Let d! be an infinitesimally small length of the line charge L. If/ is linear charge 
density of the line L charge, then charge on the length element dl is given by 
dq =Xdl 


Lets r’ be position vector of this elementary portion of the line charge having 
charge dq. 


Then, force on charge q, due to charge dq (=) dl) on length element dl is given 
by 


> > 5 
dF =—— eld = (r—-r’) 
Pes lr are 


Substituting for dq, we have 
2s Adl 
Seo lp ae 
The force on charge q, due to the whole line charge distribution can be found 
by integrating the above over its total length i.e. 


= + > 
F=f SG -1 


~ 
MEO n line tenths 
se 1 A dl Bohs ee k 
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2. When charge is distributed continuously over a surface. Consider a surface 
S having a uniform continuous distribution of charge along its surface. Suppose that 
we have to find force due to surface charge S on a point charge q, placed at a point, 


whose position vector is r [Fig. 1.11]. 

Let dS be an infinitesimally small area of the surface charge S. If 6 is surface 
charge density of surface S, then charge on the surface element dS is given by 

dg=odS 

Let is be position vector of this elementary portion of the surface charge having 
charge dq. 

Then, force on charge q, due to charge dq (=< dS) on the surface element dS is 
given by 

> > 4 
dF = teoahh fp Sf (ri-cr’) 
G60 pyaiepye 


The force on charge q, due to whole surface charge distribution can be found 
by integrating the above over its total surface area i.e. 


“a Al tei ear 
F : -- Go (SG =f) e122) 


3. When charge is distributed continuously over a volume. Consider a volume 
Vv having a uniform continuous distribution of charge. Suppose that we have to find 
force due to volume charge V on a point charge placed at a point, whose position 


vector is y [Fig. 1.12]. 
: Let dV be an infinitesimally small volume of the volume charge V. If is volume 
charge density of volume V, then charge on the volume element “dV is given by 

- dqg=pdV 
Let r’ be position vector of this elementary portion of the volume charg. having 
pete dq. 


z 


2 
The force on the charge due to the charge dq (=p dV) on the volume element 
dV is given by 


a i 


q > 3S 
4N€ \7_} 
The force on charge q, due to whole volume charge distribution can be found 
by integrating the above over its total volume i.e. 
~ i 
Pe [PAG -r) 
ee Raur rel 
Note. 1. In'case charges are distributed in a discrete manner, the force on a 
charge due to the discrete distribution of charges is found by adding the forces 
exerted by the individual charges. Accordingly, the summation sign is used to add 
such forces. However, when charges are distributed in a continuous manner, the 
effect can only be summed up by the method of integration. 
2. If charge is distributed continuously over a line L, over a surface S, over a 
volume V and also in a discrete manner in the space, then total force on charge q, 
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(1.24) 


Sera 
In equation (1.24), r’ has been used to denote the position vector of elementary 
ortion of line charge L, surface charge S, volume charge V and any one charge q’ 


f the discrete distribution of charges in space. 


SOLVED NUMERICAL PROBLEMS 


Type A. On Quantization of Charge 
Problem 1.01. A polythene piece rubbed with wool is 
found to have a negative charge of 3 x 10~” C. Estimate the 
number of electrons transferred from wool to polythene. 
(C.B.S.E. 1990 ; Text Problem) 
Sol. Here, total charge transferred, q = - 3 x 10-7 C 
Charge on an electron, e=e1-6x10~C 
From quantization of charge, q = ne 
Therefore, number of electrons transferred, 
q Salon 
45 eg “79 
Cues Te 
Problem 1.02. Calculate the total positive or negative 
charge ona 3 - 11 g copper penny. Given Avogadro number 
= 6-02 x 10%’, atomic number of copper = 29 and atomic 
mass of copper = 63 - 5. 
Sol. Here, mass of copper penny, m = 3-11 g 
Z = 29; A= 63-5 and N =6- 02 x 10% 


=1-875 x 10!2 


Number of atoms in the copper penny, n = : xm 


6-02x 10”? x 3-11 bj 
or n= ——_———— =2-95x 10 
63-5 

Number of protons or electrons in the copper penny 

= 11 x Z, 

=2+95 x 1072 x 29 
Therefore, total positive or negative charge in the copper 

penny, 
q=2-95 x 1022 x 29 x 1-6 x 10-19 
=1-37x10°C 


” Problem 1.03. What is the force between two sma 
charged spheres having charges of 2 x 10-7 C and 3 x 107” 
placed 30 cm in air? (Text Probler 

Sol. Here, q,=2 x 101Gnqge3 x 10-7 C; 
r=30cm=0-3m 
EN as 

MEgir ir? 

(2x 107”) x (3x 1077) 


(0-3)? 
= 6 x 103 N (repulsive) 

Problem 1.04. The electrostatic force of repulsic 
between two equal positively charged ions is 3-7 x 10- cf 
when they are separated by a distance of 5 A. How mat 
electrons are missing from each other ? (C.B.S.E. 200 

Sol. Here, F=3-7x109N;r=5A=5x101m 

Suppose that n electrons have been removed to for 
each positive ion. Then, charge on each postive ion, 

Gi qo PPR 16 eI 


In-air B= 


=9 x 10? x 


Mane NEG Hemet eae 
9 -19\2 
3.7 108 = 9x10 phe ) 
(5x10--") 
or bce 


Problem 1.05. The electrostatic force on a small sphe 
of charge 0 - 4 wC due to another small sphere of char; 
- 0-8 pC in air is 0-2 N. (a) What is the distance betwee 


i 


is the force on the second sphere — 


due to the first ? 
Sol. Here, q, =0-4"C=0-4x 10°C; 
qn =-0-8 pC =-0-8x 10°C 
(a) Force on charge q, due to qy, F}, =0-2N 


(Text Problem) 


‘ 1 m4 9192 
In air, Kas -t=9x 109 x —s* 
2 4 E, r2 t 0 r? 
6 ; 6 
By 0.229% 109 x 2 4x10 wet 8x10”) 
r 
or r=0-12m 


(b) Force on charge q, due io q,, 

F,, = Fy) = 0-2 N (attractive) 

Problem 1.06. A free pith-ball of 8 g carries a positive 
charge of 5 x 10-° C. What must ball be nature and magni- 
tude of charge that should be given to a second pith-ball 
fixed 5 cm vertically below the former pith ball so that the 
upper pith ball is stationary ? (H.S.S.C.E. 2001) 

Sol. Here, charge on pith-ball A, q, =5 x 10°C 

mass of pith-ball A, m, = 8 g =8 x 10% kg 

The weight m,g of the pith-ball A acts vertically 
downwards. 

Let q, be charge on the pith-bali B held 5 cm below the 
pith-ball A, so that the pith-ball A remains stationary. It can 
be possible only, if the charges on two pith-balls are of same 
signs i.e. if charge on pith-ball A is positive, charge on 
B should also be positive. Then, the force on pith-ball A due 
to B i.e. Fy, will act vertically upwards [Fig. 1.13]. 


Fig. 1.13. 
For charge q, to remain stationary, 
Fag= m8 
by dite et 
or Seamer 
4ne, ABZ © 
Here, AB=5.em =0 -05.m 
10° 
9x 109 x 1 X92 2g 1039-8 
(0-05) 


or qo = 4-36 x 10-7 C (positive) 


Problem 1.07. (a) Two insulated charged copper, 


spheres A and B have their centres separated by a distance 
of 50 cm. What is the mutual force of electrostatic repulsion, 
if charge on each is 6 - 5 x 10-” C? The radii of A and B are 
negligible as compared to the distance of separation. 

(b) What is the force of repulsion, if (i) each sphere is 
charged to double the above amount and the distance 
between them is halved, (ii) the two spheres are placed in 
water ? (Dielectric constant of water = 80). (Text Problem) 

Sol..(a) Here, charge on sphere A, q, = 6-5 x 1077 C 

Charge on sphere B, 4x =6°5x 107C 

Distance between the spheres A and B, 

r=50cm=0-5m 


"(65x10)" 


ar 4 ey Fe (0-5)? 
=1-521x107N 
(b) (i) When each sphere is charged to double the amount: 
Here, 9, = 9, = 2% ax lOZCi rs “= == 251m 
Nails aaa, 
4NEy + 
2x6-5x107) 
ST ee oN) LAAN 
(0-25) 
(ii) When charges are placed in water : 
Bice axieteee taste dy TES air, 
water 4n E, K r2 K 
Here, K=80 
1-521x 10 
Hendier™ ara et” =1-9x104*N 


Problem 1.08. Suppose in the problem 1.07 (a), the 
spheres A and B have identical sizes. A third sphere of the 
same size but uncharged is brought in contact with the first, 
then brought in contact with the second and finally 
removed from both. What is the new force of repulsion 
between A and B ? (Text Problem) 

Sol. Original charge on sphere A or B, 

95 = 6" 5:K 10-0 

Distance between the two spheres, r = 0-05 m 

Since all the spheres are of same size, they will possess 
equal charges on being brought in contact. 

When uncharged sphere C (q, = 0) is brought in contact 
with A, charge left on sphere A, 

—7 
q,' = ioe aie mat #9 23.25% 107 C 

and charge on sphere C, q3’ = 3-25 x 10-7 C 

Therefore, when sphere C is brought in contact with B, 
charge left on sphere B, 


,_ 92 +93° _6-5x107 +3-25x 10” 


92 2 
=4-875x107C 

Therefore, new force of repulsion between spheres A 
and B, 


aa Meine 
oi MEE PTR: 
3:25x 107 x 4-875 x 107” 
= 9 x 10? x 
(0-5) 
=5-704x10°N 


Problem 1.09. Two point charges of charge values Q 
and q are placed at a distance of x and x/2 respectively from 
a third charge of charge value 4 q, all charges being in the 
same straight line. Calculate the magnitude and nature of 
charge Q, such that the net force experienced by the charge 
q is zero. (C.B.S.E. 1998) 

Sol. Suppose that the charge 4 q is located at point A. 
The charges Q and q are placed at points B and C, such that 
AB = x and AC = x/2. Also, all the charges lie on the same 
straight line [Fig. 1.14]. We assume that charges of 4 q and q 
are of same nature, say positive. 

Then, force on charge q due to 44, 


he aye 


| in es . (along CB) 
A Ane, (x/2)" : 
4q q Q 
A to 
A 7 oa B 
|<—=--x/2--—+>| 
BRE ST to >| 

Fig. 1.14. 


The net force experienced by charge q will be zero only 
if charge Q exerts force on charge q equal and opposite to that 
exerted by charge 4 q. Thus, charge Q should exert force Fp 
on charge q equal to F, (in magnitude) and along CA. For this, 
charge Q has to be positive (i.e of the nature, same as that of 
4 q or q). 

Now, force on charge q due to charge Q, 


ee eae 
PEAT fy HBG). 
or F, = es (along CA) 
Ame, (x/2)? 
For net force on charge q to be zero, Fp = Fy 
2 ted pee ils tye As 
© Ame) (x/2)? 40 eo (x/2)? 
or Q=4q 


Problem 1.10. Two pith-balls each weighing 10~° kg are 
suspended from the same point by means of silk threads 
0-5 long. On charging the pith-balls equally, they are found 
to repel each other to a distance of 0-2 m. Calculate the 
charge on each ball. (H.S.S.C.E. 2002) 

Sol. Consider two pith-balls A and B each having charge 
q and mass 107? kg. 

When the pith-balls are suspended from point S by two 
threads each 0 - 5 m long, they repel each other to distance 
AB = 0-2 m as shown in Fig. 1.15. 


mg 


S Fig. 1.15 
Each of the two pith-balls is in equilibrium under action 
of the following three forces : 
(i) The electrostatic repulsive force F. 
(ii) The weight mg acting vertically downwards. 
(iii) The tension T in the string directed towards point S. 
The three forces mg, F and T can be represented by the 
three sides, SO, OA and AS of the A AOS taken in order. 
Therefore, according to triangle law of forces, 


F ye T i) 
OA Se AG ie 
i} q° q° 
Here, F= = Leg % IO? water paN, 
4m € ) (AB)? (0.2) 


mg =10%x9-8=9-8x1039N 


From Eaton (i), we have 


a 0-1 


or 9x10?x —! - =9-8x 103 x ———___— 
(0-2) (0-5)* - (0-1) 
or g=2-357x 10°C 
Problem 1.11. Two small spheres each having ma 
m kg and charge q coulomb are suspended from a point 
insulating threads each! metre long but of negligible ma 
If 0 is the angle, each string makes with the vertical wh 
equilibrium has been attained, show that 
q*=(4mgl* sin? 6 tan 0) 47 €, 
Sol. Consider two small spheres A and B each of mz 
m kg and charge g coulomb. When the two spheres < 
suspended from point S by two threads each of length J, th 
repel each other and when equilibrium is attained, each stri 
makes an angle 6 with the vertical [Fig. 1.16]. 
S) 


‘@) 


mg 


LS 
Fig. 1.16 
Each of the two spheres is acted HPER by. the foilowi 
three.forces ; 
(i) The electrostatic force of eaik me F directed aw 
from each other. 
(ii), The weight mg of the sphere acting vertica. 
downwards. 
(iii) The tension T in the string directed towards point 
Since the two spheres are in equilibrium, the three for 
acting on a sphere can be represented by the three sides of t 
A AOS taken in order. Pa sphere A, we have 
LF patties 
Ox sa7 <4 
Here, OA= I sin @;SO =I cos 0 
and AB=2AO=2!Isin@ 
lt GAO | 7 


and = 


4m& AB2 42 4/sin26 
From equation (7), we have 
OA 
Fi mg'x == 
SO 
- 198 10 spgtpltr 9 I sin @ 
4ne€) 4]?sino _ Icos@ 
or q°=(4mgF sin? 6 tan 0) 47 €, 
Type C. On Su Principle 


Problem 1.12. Three charges 10 wC, 5wC and —5yC. 
plaed in air at the three corners A, B and C of an equilate 
triangle of side 0 - 1 m. Find the resultant force experienc 
by charge placed at corner A. 


7 


Sol. Here, q, = 10 #C = 10°C; gp 
qc=-5x10°C and AB=BC=AC=0- ee 


Now, Fay = 1 4045 _ 910° x10 x 5x 10-° 
4m &, AB (0-1)? 
or F,p=45N (repulsive) 
epg qtilegan bunk old Fo) 9x10? x10°x5x10° 
ACS Amey) ACZ (0-1)? 
or Fac=45N (attractive) 


The forces F,, and F 4 are inclined at an angle of 120° 
as shown in Fig. 1.17. 


O1m 
Fig. 1.17 
If F is the resultant force on charge qq, then 


(2 2 fi 
Be Fag t+Fac +2Fap -Fac cos 120 


45° + 45° +2x 45x 45x (—0-5) 


=45 j1+1-1 =45N 


The resultant force acts on charge 10 wC tae along AP 
i.e. parallel to side BC of the A ABC. | 

Problem 1.13. ABC is an equilateral triangle of side 10 
m and D is the middle point of BC. Charges of +100, — 100 
and + 75 coulomb are placed at B, C and D respectively. 
What is the force experienced by 1 coulomb positive charge 
placed at A ? 

Sol. Consider an equilateralA ABC of each side 10 m. The 


hs 
Fag Sin 60° 


5 uC —5 uC 


Roce gence pe ae hes 


Fig. 1.18 


Problem J 1.14. Two yes oe each of + Q units are placed 
along a line. A third charge — q is placed between 
them. At what position and for what value oat the 


point D is middle point of side BC. The charges qp = + 100 G,. 
9c =- 100 C and qy = + 75 C are placed at the points B, C 
and D and a charge q, = 1 C is placed at point A [Fig. 1.18]. 

Due to the charges qp, 9c and qp, the charge q, experi- 
ences forces F yp, Fac and Fap in the directions as shown in 
the figure. 


Now, Far = 1 ABB, 2 giaqgtise: LEA 
ABS 4m& AB? 10° 
=9x10?N (along BA) 
1x1 
Fy. c= a ee : 4A a =9~x 10? x Tx 100 
4mz€& AC 107 
=9x 10°N (along AC) 
xo 
AC SMA | akAD =9x 10? x on 
Ame, AC (10° -5°) 
=9x107N (along DA) 


To find the resultant force on charge q,, through point 
A, draw a line AX parallel to side BC as X-axis. Let us regard 
the line DA, the right bisector of line BC as Y-axis. 

Resolve both the forces Fy, and F,¢ into components 
along X-axis and Y-axis as shown in Fig. 1.18. Then, total force 
on charge q, along X-axis, 

F, = F,ap cos 60° + Fac cos 60° 
=9x 10?x0-5+9x 10? x0-5=9x10°N 

The components F ,p sin 60° and F,- sin 60° being equal 
and opposite, just cancel each other. Therefore, 

force on charge q, along Y-axis, , 

F, = Fy =9 x 10°N 

The two foes F, and F, acting on the charge q, have 

been represented separately in Fig. 1.19. 


Fig. 1.19 


If F is the resultant force on charge q,, then 
=F? +B? = (9x 10°)” +(9x 10°)” 
=9 6 2x 0 N 
If the resultant force makes an angle # with X-axis, then 
Leraents ba Nid 
tan f = Eis a = 1 “orw faa” 
FL 9x10 


i.e. the resultant force on charge q, is inclined at 45° with X- 
axis i.e. with the side BC of the triangle. 


For. ambitious, 


‘ailliant & curious Students 
system be in equilibrium ? 

Sol. Let the two charges + Q each be placed at points A 
and B at a distance r between them and charge ~ q be placed 


+Q Tq +Q 
¢— 
A O B 
ae See r-x ----- >| 
Fig. 1.20 


The system will be in equilibrium, if charge — q as well 
as either of the two charges + Q each placed at points A and 
B experience zero net force. 

(i) For charge — q to be in equilibrium : For this, force on 
charge —q at point O due to charge + Q at point A should be 
equal and opposite to that due to charge + Q at point B i.e. 

Li i ele! Qq 


AME, ye Ame, “(r—x)? 


P 
or x2=(r—x)* or x=+(r-x) or x= = 


(ii) For charge + Q at A (or at B) to be in equilibrium : 
For this, force on charge + Q at point A due to charge — q at 
O should be equal and opposite to that due to charge + Q at 
Bie. 


ee EOF 


4me, (r/2)2 4m€, 1° a 4 
Therefore, the system af three charges will be in equili- 


brium, if charge —q is equal to—— and is placed at the mid- 


point of the distance between the two charges of + Q each. 

Problem 1.15. Two identical point charges of charge O 
@ are kept at a distance r from each other. A third point 
charge is placed on the line joining the above two charges, 
such that all the three charges are in equilibrium. Calculate 
the magnitude and location of the third charge. 

(C.B.S.E. 1998) 

Ans. Let the two charges of + Q each be placed at points 

A and B at a distance r apart as shown in Fig. 1.21. 


+Q q +Q 
A O B 
ee 1-xX~——-- >| 
Fig. 1.21 


Suppose that the third charge q (in magnitude) is placed 
at point O on the line joining the other two charges, such that 
AO = x and OB = r— x. For the system of the three charges to 
be in equilibrium, net force on each of the three charges must 
be zero. 


9.: 1.01. What kind of charges are produced on each, 
when (i) a glass rod is rubbed with silk and (ii) an ebonite 


rod is rubbed with wool ? (C.B.S.E. 1990) 

Ans. (i) On glass rod : positive charge and 

on silk : negative charge 

(ii) On ebonite rod: negative charge and 

on wool : positive charge. 

Q. 1.02. An ebonite rod held in hand can be charged by 
rubbing with flannel but a copper rod cannot be charged 
like this. Why ? 7.F5.8:C.£. 1997) 

Ans. Both the human body and the copper rod conduct 
electricity. When it is attempted to charge a metal rod by 
rubbing, the charge flows from the rod to the earth through 


ple 

point Oi is positive in nature, then it wilt experience fee du 
to other two charges in opposite directions and hence ne 
forces on the charge q may be zero. But as such (when q i 
taken positive), the force on the charge Q at point A or at poin 
B will not be zero. It is because, the forces on a charge Q du 
to the other two charges will act in same direction. Howeve 
if the charge q placed at point O is taken negative, then on 
charge Q, forces due to the other two charges will act i 
opposite directions. Hence, the third charge q placed at poir 
O must be negative in nature. 

(i) For charge — q to be in equilibrium : For this, force o 
charge —q at point O due to charge + Q at point A should b 
equal and opposite to that due to charge + Q at point B i.e. 


1 ke@e 1 Qq 


4TE, “ig? 2s ha te 


or x2=(r—x) or x=+(r-x) or x= 


(ii) For charge + Q at A (or at B) to be in equilibrium : Fc 
this, force on charge + Qat pointA due to charge—q at O shoul 
be equal and opposite to that due to charge + Q at Bie. 


1 Qs 4 


ANE, (7/2)*~ 4085-77 4 
Therefore, the system of three charges will be i 


equilibrium, if charge —q is equal to- Q and is placed at th 
ered ar of the distance between the two charges of + ( 
each. 

Problem 1.16. A charge having magnitude Q is divide 

into two parts q and (Q - q). If the two parts exert 
maximum force of repulsion on each other, then find th 
ratio Q/q. 

Sol. Suppose that the parts q and (Q—q) are placed at 
distance r apart. Then, 


pe Ties qlQ:=@) 
cateie te Henlie + 
ANE, r 
OF 
Now, for force F to be maximum, ay =U 
q 
ive. Se patel oy PER REP 
0q\47&,.. 7 
or 5 (2-9 =0 


or 1(Q-q)+q(@-1)=0 or Q-2q=0 or =? 


FREQUENTLY ASKED VERY SHORT ANSWER QUESTIONS 


With Answers/Hints 
the hand. However, when ebonite rod is charged by rubbin; 
the charges so produced stay on the ebonite rod, as it is ba 
conductor of electricity. 

Q. 1.03. What does q, + q, = 0 signify in electrostatics ? 

(C.B.S.E. 2001 § 

Ans. The charges q, and q, are equal and opposite 

Q. 1.04. When a polythene piece is rubbed with woo 
it acquires negative charge. Is there a transfer of mass frot 
wool to polythene ? 

Ans. The polythene piece acquires negative charge du 
to transfer of electrons from wool to it. Since electrons a1 
material particles, there is a transfer of mass from wool t 
polythene. 


. 1.05. A glass rod, when rubbed with silk cloth, 
acquires a charge 1 - 6 x 10° coulomb. What is the charge 
on the silk cloth ? pe iy et ilk ts a raha Wad Ba eg’) 
Ans. Silk cloth will also acquire a charge 1 - 6 x 10-18 
coulomb. However, it will be negative in nature. 
Q. 1.06. How much is the charge on an electron in SI 
units ? CFE'SESMOIE M996) 
Ans. In SI, charge on electron is 1 - 6 x 10-19 C (negative). 
Q. 1.07. What is the least possible value of charge ? 
(H.S.S.C.E. 2002) 
Ans. A positively charged particle can possess positive 
charge equal to the charge on a proton (+ 1- 6 x 107!’ C) and 
a negatively charged particle equal to the charge on an 
electron (—1 - 6 x 10-!? C). A particle can not have a fractional 
part of this elementary amount of charge i.e. 1-6 x 1071? C. 
Q. 1.08. Can a body have a charge of 0-8 x 10719 C ? 
Justify your answer by comment?  (H.PS.S.C.E. 1999 S) 
Ans. No. For details, refer to VSO 1.07. 
Q. 1.09. What is meant by quantization of charge ? 
(PS.S.€.21/ 2000: ;|HiS.S:C-B. 1999'S) 
Ans. Refer to section 1.06. 
Q. 1.10. Name the experiment, which established 
quantum nature of electric charge. (C.B.S.E. 1998) 
Ans. Millikan’s oil drop experiment for measuring 
charge on an electron. 
Q. 1.11. State two properties of electric charge. 
(R'SISIC'E, 19995) 
Ans. 1. Electric charge is quantized. 2. Electric charge is 
always conserved in a physical process. 
Q. 1.12. Given two point charges q, and q,, such that 
91 92 < 0. What is the nature of force between them ? 
(H.P.S:S.C»B, 2002) 
Ans. When 4, q, < 0, it implies that if one charge is 
positive, the other must be negative. Hence, when q, q, < 0, 
the force between the two charges will be attractive in nature. 
Q. 1.13. State Coulomb’s law in electrostatics. 
(G!BISJEV 1994 9)1.$.C.E11993) 
Ans. Refer to section 1.09. 
Q. 1.14. Give mathematical expression for Coulomb’s 
law for electric charges. (H.S.S.C.E. 2002) 
ns) Bonet eae 
ANE, 7? 
Q. 1.15. Give the unit of electrical permittivity of free 
space. (H.S.S.C.E. 2002) 
Ans. C? Nm. 
Q. 1.16. Write down the value of absolute permittivity 
of free space (vacuum). (PSi5.C.Es L996) 
Ans. € , = 8-854 x 10°? C2? N1 m?. 
Q. 1.17. What is the value of constant of proportionality 


A involved in expression for Coulomb’s force between 
1 &% 
two charges ? 


1 1 
Ans. fa 35 


4m£€) 42x8-854x10 2C°N ‘m_ 
=9x10?Nm?C# 
Q. 1.18. In the relation F = k a what is the value 


of k in free space ? " — (HS.S.C.E. 2002) 
Ans. In SI, the value of constant k is 9 x 10? N m2 C2. 
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Q. 1. 
called central force. Why ? 

Ans. The force between two electric charges always acts 
along the line joining the two charges. For this reason, it is 
called central force. 

Q. 1.20. Define coulomb as a unit of charge. 

(P.Sys:C.E 2002 >. P.S.8.C.B. 1999) 
Or 

Define the unit of electric charge. 

(P.S.S.C.E. 2000, 1999) 

Ans. Refer to section 1.10. 

Q. 1.21. In Coulomb’s law, on what factors the value of 
electrostatic force constant k depends? (H.P.S.S.C.E. 2002) 

Ans. On the system of units adopted and the nature of 
medium, in which two charges are placed. 

Q. 1.22. Define dielectric constant of a medium. 

CP Sao Ge. 2000 ho. * HS. SB. L995) 

Ans. Refer to section 1.11. 

Q. 1.23. Dielectric constant of water is 80. What is its 
permittivity. (HSS GE. 98/5) 

Ans. Since dielectric constant and relative permittivity 
of a medium represent the same quantity, it implies that the 
relative permittivity (¢,) of water is 80. The absolute 
permittivity (e) of water will be € , €, i.e. 8 - 854 x 10-4 x 80 
CANvt m4. 

Q. 1.24. Force between two point electric charges kept 
at a distance d apart in air is E If these charges are kept at 


the same distance in water, how does the force between 
them change ? (GB.S.E.. 1997) 


_ Ans. It will become = where K is dielectric constant 
of water. 

Q. 1.25. Calculate the Coulomb’s force between two a- 
particles separated by a distance of 3-2 x 10° m. 

LGoltS.E.-1. 992) 

Ans. Here, r =3:2x 107° m; 

charge on @-particles, g; =q,=2x1-6x Wale 

Now, F= pd 42 
AME, 

beanie se wier.Oi' aaa 
F901 07)x 
(3.2% d0y0°)7 

Q. 1.26. Calculate the Coulomb’s force between a 

proton and electron separated by 0-8 x 107 m. 
(P.S.S:C\E. 1998,S\; C.B.S.E. 1992) 

Ans. Proceed as in VSQ 1.25. 

Q. 1.27. If the distance between two equal point 
charges is doubled and their individual charges are also 
doubled, what would happen to the force between them ? 

(St GsBi995) 

Ans. Originally, force between the two charges, 

1 4X4 
ARE, 7 
When the individual charges and the distance between 
the charges are doubled, the force is given by 
i} 2q x 2q 1 q-q 
: = 3 =F 
(21r) ANE, + 
i.e. force will remain the same. 


Q. 1.28. State the principle of superposition of forces 
in electrostatics. (H.S.S.C.E, 2001) 


Ans. Refer to section 1.14. 


=90N 


ANE, 


Q. 1.01. A comb run through one’s dry hair attracts 
small bits of paper. Why ? What happens, if the hair is wet 
or if it is a rainy day ? (Text Question) 

Ans. When a comb is run through dry hair, it gets 
charged. As such, it starts attracting small bits of paper. If the 
hair is wet or it is a rainy day, then in absence of friction, the 
comb will not get charged when run through hair. In absence 
of charge on the comb, the bits of paper will not be attracted. 

Q. 1.02. Ordinary rubber is an insulator. But the special 
rubber tyres of aircrafts are made slightly conducting. Why 
is this necessary ? (Text Question) 

Ans. During landing, the tyres of a space-craft get 
charged due to friction between tyres and ground. In case, the 
tyres are slightly conducting, the charge developed on the 
tyres will not stay on them and it will find its way (leak) to 
the earth. 

Q. 1.03. Vehicles carrying inflammable materials 
usually have metallic ropes touching the ground during 
motion. Why ? 

(PS.S.C.E. 1999 ; H.P.S.S.C.E. 1998 ; Text Question) 

Ans. Due to air friction, body of the vehicle also gets 
charged in addition to charge developed on tyres. In case, 
charge accumulation becomes large, it may prove hazardous 
to the vehicle carrying inflammable materials. So that it does 
not happen, metallic ropes from the vehicle are mde to touch 
the ground. Due to this, the charge on the vehicle leak to earth. 

Q. 1.04. When you touch a metal object like a door 
handle ona dry winter day, you are likely to see a spark and 
feel a definite shock. We usually explain this by saying that 
we have built up a static charge. Why does this not happen 
on a humid day in the summer ? 

Ans. When we build up a sizeable static charge and 
touch a metal object (door handle), the transfer of charge is 
in the form of a spark. 

The static charge can build up on a substance, when it 
is well insulated from its surroundings. On a humid day in 
summer, the static charge can not build up. In fact, the charge 
leaks away as fast as it builds up. As on a humid day in the 
summer, we do not have static charge built on us ; no spark 
occurs, when we touch a metal object. 

Q. 1.05. How many electrons are present in one 
coulomb of charge? = (P.S.S.C.E. 1999 ; H.P.S.S.C.E. 1992) 

Ans. Let there be n electrons in one coulomb. From 
quantization of charge, 


q=ne 
pipe sat ep viceteres = 6-25 x 1018 
€ 1-6x10 


Q. 1.06. Suppose we have a large number of identical 
particles, very small in size. Any of them at 10 cm separation 
repel with a force of 3 x 107" N. 

(a) If one of them is at 10 cm from a group of x others, 
how strongly do you expect it to be repelled ? 

(b) Suppose you measure the repulsion and find it 
6 x 10-° N ; how many particles were there in the group ? 

Ans. (a) The group of n small charged particles must 
behave as a single point charge, so that it can have a sepa- 
ration of 10 cm from the one particle in question. Obviously, 
force on this particle due to the group of n particles is 1 times 


cRNA GH: SEIS RESETS ETTORE LIT 


With Answers/Hints 
the force due to a single particle. Hence, force due to grouy 
of n particles, 


F=nx3x1079N 
F=6x10°N 
F 6x10° 


yeaa Tee EET 
Sx MO 

Q. 1.07. Why can one ignore quantization of electri 
charge, when dealing with macroscopic i.e. large scal 
charges ? (Text Question 

Ans. In practice, the charge on a charged body is ver 
large. On the other hand, the charge on an electron is ver 
small. When electrons are added to a body (negativel 
charged body) or removed from a body (positively charge 
body), the change taking place in the total charge on the bod 
is so small that the charge seems to be varying in a continuou 
manner. Therefore, quantization of electric charge can b 
ignored, when dealing with a large scale charged body. 

Q. 1.08. Force of attraction between two point electri 
charges placed at a distance d in a medium is F. Wha 
distance apart should these be kept in the same medium 
so that force between them becomes F / 3? 

(C.B.S.E. 2001 S, 1998 

Ans. Let q, and q, be the two point charges. Then, forc 
between the charges, when kept at a distance d apart, 
4B bafta: 

Amey d? 

Suppose that force between the two charges become 

F/3, when the charges are kept at a distance x apart. Then, 
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or X=V3d 

Q. 1.09. Bring out a comparison between the nature o 
electrostatic and gravitational forces. 

Ans. The gravitational force between two bodies:i 
because of their masses, while the electrostatic force is'du 
to charge on them. 

Points of similarities. 1. Both the forces are central i: 
nature. 

2. Both the forces obey inverse square law. 

3. Both the forces are conservative in nature i.e. wor 
done in moving a body (mass in case of gravitational forc 
and charge in case of electrostatic force) between any. tw 
points does not depend upon the path followed. 

4. Both the forces are long range forces. 

Points of dissimilarities. 1. Whereas the electrostati 
force may be attractive or repulsive, the gravitational force 
is always attractive in nature. 

2. The electrostatic force between two charged bodies i 
greatly affected by the medium, in which the two bodies ar 
located. There is no effect of medium on the gravitation 
force. 

3. Electrostatic force is very strong as compared t 
gravitational force. It can be easily shown that electrostati 
force between an electron and a proton is about 10°° times a 
large as the gravitational force between them. 

Q. 1.10. What is the importance of Coulomb’s law it 
vector form ? CH-PS.S:CIE21998 S 


(b) Here, 
=2x104 


‘om Coulomb’s law 
Dies that the forces exerted by two charges on each other 
are equal and opposite. Further, the force, which one charge 
exerts on the other, acts along the line joining the two charges 
.e. electrostatic force is a central force. 

Q. 1.11. Four point charges Gqa=2vC, gp=-5 uC, 
Ic = 2 pC and qp = — 5 pC are located at the corners of a 
square ABCD of side 10 cm. What is the force on charge of 
1 uC placed at the centre of the square? = (Text Question) 

Ans. Consider the square ABCD of each side 10 cm and 
centre O. The charge of 1 wC is placed at the point O. 
Obviously, OA = OB = OC = OD bale. 1 in 


Fig. 1.22 
Since 4, = 4c, the charge of 1 jC experiences equal and 
pposite forces due to charges q, and qc. Similarly, the charge 


<a Q. 1.01. Two identical metallic spheres of exactly equal 
masses are taken. One is given a positive charge Q 
coulomb and the other an equal negative charge by friction. 
Are their masses after charging equal ? (LLT. 1983) 

Ans. When two bodies are rubbed together, electrons get 
removed from one body and these electrons so removed get 
transferred to the other body. The body from which electrons 
zet removed becomes positively charged and the body to 
which electrons get transferred becomes negatively charged. 
since an electron is a material particle, the mass of the 
Dositively charged body decreases and that of the negatively 
charged body increases. 

Hence, when one of the two identical metallic spheres 
is charged positive and the other negative, their masses after 
charging will not be equal. 

Q. 1.02. When a glass rod is rubbed with a silk cloth, 
charges appear on both. A similar phenomenon is 
\bserved with many other pairs of bodies. Explain, how 
this observation is consistent with the law of conservation 
of charge. (Text Question) 

Ans. Before rubbing, both the glass rod and the silk cloth 
are electrically neutral. In other words, net charge on the glass 
rod and the silk cloth is zero. When the glass rod is rubbed 
with silk cloth, a few electrons from glass rod get transferred 
fo the silk cloth. As a result, the glass rod becomes positively 
charged and the silk cloth negatively charged. Since the 
magnitude of the positive charge on the glass is same as that 
of negative charge on the silk cloth, the net charge on the 
system is still zero. Thus, the appearance of charges on glass 
rod and silk cloth is in accordance with the law of 
sonservation of charge. 

e Q. 1.03. In filling the gasoline tank of an aeroplane, the 
metal nozzle of the hose from the gasoline truck is 
ways carefully connected to the metal of the aeroplane by 


n vector ae it aireery” 


of 1 uC experiences equal and opposite bie F and F, due 
to charges 4p and q,. Hence, the net force on charge of 1 uC 
due to the given arrangement of charges is zero. 

Q. 1.12. State the principle of superposition. What is 
its use ? 

Ans. The principle of superposition states that when a 
number of charges are interacting, the total force on a given charge 
is vector sum of the forces exerted on it by all other charges. 

It is used to find force on a charge, when a group of 
charges are interacting. 

Q. 1.13. Two identical point charges Q are kept at a 
distance r from each other. A third point charge q is placed 
on the line joining the above two charges, such that all the 
three charges are in equilibrium. What is the magnitude, 
sign and position of the third charge ? (C.B.S.E. 1994) 

Ans. The charge q should be equal to — 2 : 

For detailed solution, refer to solved problem 1.14 or 
135: 

Q. 1.14. A charge q is placed at the centre of line joining 
two equal charges Q. Show that the system of three charges 


(H.P.S.S.C.E. 2002) 
Ans. Refer to solved numerical problem 1.14 or 1.15. 


will be in equilibrium, if q =- 2 . 
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a wire, before the nozzle is inserted in the tank. Explain, 
why. 

Ans. Since the aeroplane and the gasoline truck usually 
have wheels with rubber tyres, they are insulated from the 
ground. Further, the service ramps are usually made of 
concrete and are not necessarily good conductors to the earth. 
Therefore, inspite of grounding metallic ropes, the aeroplane 
and the truck could remain charged. A spark could jump and 
ignite the explosive gasoline, when the metal nozzle was 
brought near the aeroplane. The connection of metal of the 
aeroplane and the nozzle of the hose with a wire avoids any 
unbalance of charge and hence the risk of gasoline catching 
fire due to the spark. 

Also, the stream of gasoline flowing out of the nozzle 
may become charged by friction. The charged gasoline would 
go into the aeroplane tank and charge it oppositely to the 
nozzle. Unless a good conducting path is provided so that the 
charges on the aeroplane and nozzle could recombine, a spark 
could result with disastrous consequences. 

Q. 1.04. (a) If you accumulate a static charge and then 

touch a wooden frame of a door, you often find no 
spark or shock, although there would be, you touched the 
metal handle. Why ? 

(b) Sometimes, if you touch the wooden frame and then 
touch the metal handle, there is no spark or shock in either 
case, although there would have been, if you had touched 
the handle first. Suggest an explanation. 

Ans. (a) Metals are good conductors. When we are 
carrying a static charge and touch the metal handle of the 
door, the charge transfers to it immediately in the form of a 
spark and distributes itself quickly throughout the conductor. 

When the wooden frame (insulator) of the door is 
touched, the charge is unable to flow through. As such, only 
a little charge may get transferred and there is no spark. 


a MG Ly ck 

does not accept charge fast enough tov cause a spark. However, 
if the contact lasts long, the charge may slowly flow away from 
us. When we subsequently touch the metal handle, there is no 
spark. It is because, there is no charge left on us, which may 
transfer to the handle and may cause a spark. 

7" Q. 1.05. “Automobile ignition failure occurs in damp 

sm) Weather.’ Explain, why. 

Ans. The insulating porcelain of the spark plugs 
accumulates a film of dirt. The surface dirt is hygroscopic and 
picks up moisture from air. Therefore, in humid weather, the 
insulating porcelain of the plugs becomes quasi-conductor. 
This allows an appreciable proportion of the spark to leak 
across the surface of the plug instead of discharging across 
the gap. 
™ Q. 1.06. It is now believed that protons and neutrons 
iid are themselves built out of more elementary units 
called quarks. A proton and neutron consist of three quarks 
each. Two types of quarks, so called “up quark’ denoted by 
u of charge + 2 e/3 and the ‘down quark’ denoted by d of 
charge - e/3, together with electrons build up ordinary 
matter. Suggest a possi-ble quark composition of a proton 
and neutron. (Text Question) 

Ans. The charge on up quark (u) = + 2 e/3 

and the charge on down quark (d) = —e/3 

The charge on the proton is + e and it is made of three 
quarks. Therefore, the possible quark composition of proton 
isuud. 

On the other hand, neutron is a neutral particle but it is 
also made of three quarks. For this, the possible composition 
of neutron is ud d. 

Q.1.07. A glass rod rubbed with silk is brought close to 
“uu two uncharged metallic spheres in contact with each 
other inducing charges on them as shown in Fig. 1.23. 
Describe what happens, when (i) the spheres are slightly 
separated, (ii) the glass rod is subsequently removed and 
finally (iii) the spheres are separated far apart. 

i Trek Question) 


Fig. 1.23 

Ans. (i) On separating the two spheres, the right face of 
sphere A will acquire positive induced charge and the left face 
of B will acquire negative induced charge. 

(ii) If the glass rod is removed, the charges on the two 
spheres will disappear. 

(iii) In this case also, charges on spheres will disappear. 

™\ Q. 1.08. Can a charged body attract another uncharged 

aj body ? Explain. 


Or 
Why does a charged glass rod attract a piece of paper? 
Ans. Yes, a charged body can attract another uncharged 
body. It is because, when the charged body is placed in front 
of the uncharged body, the induced charges of opposite kind 
are produced on the uncharged body. Due to this, the charged 
body attracts the uncharged body. 


A posi reed gl: a 
wissen) nepeatra derbi Dads it pp that fe sae 
is s negatively charged ? 

Ans. The pith-ball can be uncharged also. The positive 
charged glass rod can attract the pith-ball due to induc 
charges of opposite kind produced on the pith-ball. 

mm Q. 1.10. Can two balls having same kind of charge 
them attract each other ? Explain. 

Ans. Yes, two balls having same kind of charge can attr 
each other, if one ball possesses charge quite large as compar 
to that on the other ball. 

The reason is that when two charged balls are placed ne 
each other, they induce opposite kinds of charges on the fac 
of each other. Since on the ball having a small amount 
charge, quite a large amount of induced charge is produce 
two balls get attracted towards each other due to for 
between the large inducing charge of one ball and lar 
induced charge (opposite in nature) on the other ball. 

om) Q. 1.11. The graph in Fig. 1.24 shows the electric fo! 
sas of repulsion ona tiny charged conducting sphere A 
a function of its separation from a large conducting sphe 
B. The sphere B has 10 times the charge on the sphere 
Explain the behaviour of the force between separations 2 « 
and 1 cm. 

Ans. When the spheres are at large separation, the fo! 


between the spheres varies as —; i.e. varies in the sat 


manner as between two point charges. 
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Fig. 1.24 
As the spheres move closer, the charge on large sphe 
B is redistributed as shown in Fig. 1.25. As the spheres mo 


@) > 


Fig. 1.25 
still more closely, the part of the large sphere B, which 
nearest to the small sphere A becomes negatively (opposite: 
charged [Fig. 1.26] and it results in force of attraction betwe 
them. 


Refer to o Fig. ‘iL 24, At 2 cm, the force a F eoulsch between the 
spheres increases ; till at 1 - 4 cm, the force of repulsion 
becomes maximum. As the spheres move closer (1-2 cm <r 
< 1-4 cm), the force of repulsion begins to fall due to the 
attractive force between the sphere A and the negative charge 
induced on sphere B. At 1 - 2 cm, the attractive force due to 
inductive effect equals the repulsion between the two 
positively charged spheres. As the spheres approach still more 
closely (r < 1-2 cm), the net force between the spheres 
becomes strongly attractive. 

Q. 1.12. Two large conducting spheres carrying charges 
oe q, and q, are brought close to each other. Is the 
magnitude of electrostatic force between them exactly given 


91 92 
47 €or 


by , Where ris the distance ? 

Ans. The expression for electrostatic force between two 
charges q, and qp 1.e. 

es 1492 : 
47 €or 

holds, when charges q, and q, are point charges only. The 
expression will not be true in case of large conducting spheres. 
It is because, when large conducting spheres are brought 
together, charge distribution will not remain uniform. 
‘yg Q. 1.13. Check that the ratio k e2/G m,m,,is dimen- 

sionless. Look up a table of physical constants and 
determine the value of this ratio. What does the ratio 


signify ? 
hag (>And banp-INm CIxIcr 


Gm, m, | (Nm? ke] x kg] x [kel 


=no unit 


Since the ration k e2/G m, MH, has no unit, it is dimen- 
eerie. 


1. Explain, what is meant by quantization of charge. 
(EEP.ShS.C.B 019960, HiS:S.C.E. 1994.2 €.BiS:E: 1992); 
PS.S.C.E. 1991) 
2. Explain conservation of charge giving two examples. 
(H.S.S.C.E. 2000, 1998 ; P.S.S.C.E. 1994, 1991) 
3. Explain the following : 
(i) Conservation of electric charge (ii) Quantization of 
electric charge. (P.S.S.C.E. 2001) 
4. Give six properties of electric charge. (P.S.S.C.E. 1999 S) 
5. State Coulomb’s law and derive definition of a unit charge 
(coulomb). (BS.S.C.E. 1999 ; H.S.S.C.E. 1996) 
6. State Coulomb’s law of electrostatic force between two 
charges and state their limitations. Also deduce unit charge 
from these laws. (P.S.S.C.E. 2000) 
7. Write Coulomb’s law in vector form. Derive the definition 
of one coulomb. (H.S.S.C.E. 1992) 


1. Explain the terms : (i) quantization of charge (ii) con- 
servation of charge (iii) additive nature of charge. 
2. (a) Define dielectric constant of a medium in terms of force 
between two electric charges. 
(P5.5.C.E.'199/ 5 7 C.B-S.E. 1997) 


2-1-6 eC: m,=9-1x 103! ke 


and =1-66 x 10-2” kg 


mp 
8 teh tine & 9x10? x(1-6x107!?)? 
~ Gm, mp,  6-67x10" x9-1x10~! x1-66 x10-7” 
= 2-287 m10°° 
2 


The factor represents the ratio of electrostatic 


m, m 
force to the gravitational force between an electron and 
proton. 

Q. 1.14. Is Coulomb’s law in electrostatics applicable 
ae in all situations ? 
Or 
State the limitations of coulomb’s law in electro-statics. 
(PS SIC EN1999) 

Ans. No, Coulomb’s law in electrostatics does not hold 
in all the situations. It is applicable only in the following 
situations : 

1. The electric charges must be stationary. 

2. The electric charges must be points in size. Coulomb’s 
law does not apply to two charged bodies of finite sizes, say 
two charged spheres. It is because, the distribution of charge 
does not remain uniform, when the two bodies are brought 
together. 

Q. 1.15. A bird perches on a bare high-power line and 
nothing happens to the bird. A man standing on the 

ground touches the same line and gets a fatal shock. Why ? 
(Text Problem) 

Ans. When a bird is perched on a bare high power line, 
the circuit does not get completed between the bird and the 
earth. Therefore, nothing happens to the bird. 

When a man standing on ground touches the same line, 
the circuit between man and the earth gets completed. As a 
result, he gets a fatal shock. 


Carrying 3 Marks ———_- 
8. Write the vector form of force acting between two charges 


q, and qo having 7; and % as their position vectors 
respectively. (H.P.S.S.C.E. 2000) 

9. State Coulomb’s law of electrostatic force and express this 
law in vector form. (P.S.S.C.E. 2000) 

10. State Coulomb’s law in vector form and prove that 


Ey & ah 2, Where letters have their usual meanings. 
(H.S.S.C.E. 1997) 

11. What is meant by continuous charge distribution ? Define 
linear charge density. Obtain expression for force on a 
charge q due to a continuous distribution of charges along 
a line. 

12. Define surface charge density. Obtain expression for force 
on a charge q due to a continuous distribution of charges 
over a surface. 


Carrying § Marks 
(b) Explain, what is meant by dielectric constant. Give 
some example. (PS.S.C.E. 1994) 

3. State Coulomb’s law in electrostatics. Express the same in 
SI units. Mention two similarities and two dissimilarities 


between electrostatic and gravitational interactions. 
“  (C.B.S.E. Sample Q. Paper) 
f 


Type A. On Quantization of charge 
ts 


Type 
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10. 


12. 


13. 


State Coulomb’s law in electrostatics. Express it in vector 
form. What is importance of expressing it in vector form ? 
State the principle of superposition and use it to obtain the 
expression for the total electric force exerted at a point 
charge due to an assembly of n discrete point charges. 
(H.S.S.C.E. 2002) 


Which is bigger, a coulomb or charge on an electron ? How 
many electronic charges form one coulomb of charge ? 
[Ans. One coulomb, 6-25 x 1018] 
How many electrons must be removed from a conductor, 
so that it acquires a charge of 3-5 nC ?[Ans. 2:1875 x 101°] 
What is the amount of charge possessed by 1 kg of 


electrons ? Given that mass of an electron is 9-1 x 10-3! kg. 

[Ans. 1-76 x 10! C] 
A polythene piece rubbed with wool is found to have a 
negative charge of 3-6 x 10-7 C. Calculate the number of 
electrons transferred from wool to polythene. If an electron 
has a mass 9-1 x 10-3! kg, find the mass transferred to 
polythene. [Ans. 2-25 x 10! ; 2-05 x 10-18 kg] 
Assume that each of copper has one free electron. Estimate 
the number of free electrons in 1 mg of copper. Given that 
atomic weight of copper = 63-5 and Avogadro number = 
6-02 x 1023 . What is the charge possessed by these free 
electrons ? [Ans. 9-48 x 1018 ; 1.517 C] 
Estimate the number of free electrons in 1 g of water and 
the negative charge possessed by them. Given that 
Avogadro number = 6-02 x 1073 and molecular weight of 
water = 18. [Ans. 3-344 x 1073 ; 5-35 x 104 C] 


B. On Coulomb’s law in electrostatics 


Two equal charges placed in air separated by a distance 
3 m repel each other with force 0- 1gf. Calculate the 
magnitude of either of the charges. (PS. SC. E1999) 

[Ans. 9-9 x 107 C] 
Two electrons have been removed from each atom. Find 
the distance between two such atoms, if they repel each 
other with a force of 8-8 x 10-? N, when placed in free 
space. (P.S.S.C.E. 2002) [Ans. 3-24 x 10-19 m] 
How far apart should the two electrons be, if the force each 


exerts on the other is equal to the weight of the electron ? | 


Given that €, = 8-854 x 10°” SI unit, e = 1-6 x 10-9 C and 
m, = 9-1 x 1073! kg. (H.S.S.C.E. 2002) [Ans. 5-08 m] 


Calculate the magnitude of the electrostatic force exerted 
by the proton on the electron in the hydrogen atom and 
compare it with the weight of the electron. Given that 
mass of electron is 9-1 x 10-9! kg, charge on electron is 
1-6 x 10-9 C and radius of hydrogen atom is 0-53 A. 

[Ans. 8-2 x 10° N ; 9-2 x 1071] 
Two identical balls each have a mass of 10 g. What charges 
should these balls be given so that their interaction 
equalizes the force of universal gravitation acting between 
them ? The radii of the balls may be ignored in comparison 
to distance between them. [Ans. 8-56 x 10-8 C] 
What equal charges would have to be placed on earth and 
moon to neutralize their gravitational force of attraction ? 
Given that mass of earth =107° kg and mass of moon 
si 02 kes [Ans.8-56 x 10/3 C] 
Calculate the ratio of electrostatic to gravitational force 
between two electrons placed at certain distance in air. 
Given that m, = 9-1 x 10-3! kg, e= 1-6 x 10719 C and 
G =66 x 107! N m? ke. [Ans. 4-2 x 1042] 


14. 
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16. 


17. 


18. 


19. 


20. 


Pal 
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23. 


State principle of superposition of charges. Hence, expre: 
the force on a charge q due to a discrete distribution of 
charges in terms of their position vectors. 

Distinguish between linear, surface and volume charg 
density. Obtain expression for force on a charge q due t 
continuous distribution of charge over a volume. 


For P 
A pith-ball A of mass 9 x 10 kg carries a charge of + 5 ( 
What must be the magnitude and sign of the charge on 
pith-ball B held 2 cm directly above the pith-ball A suc 
that the pith-ball A remains stationary ? 

[Ans. 7-84x 10-!2 C (negative 
Two point charges q, and q, are 3 m apart and the 
combined charge is 20 uC. If one repels the other with 
force of 0-075 N, what are the two charges ? 

(H.S.S.C.E. 2001 ; P.S.S.C.E. 1991) [Ans. 15 pC, 5 
The force between two equal charges placed in a mediui 
at a distance of 9 cm from each other is 16 dyne. O 
increasing one of the charges by 56 statC, it is found th 
the distance between the charges must be changed by 3 c1 
in order to keep the force between them the sam 
Calculate the magnitude of the charges and the dielectr 
constant of the medium. Given, 1 C =3 x 10? statC. 

[Ans. 72 statC ; 
The distance between two equal balls having unlilk 
charges is 2 cm. The radii of the balls are much less the 
the distance between them. The balls attract each othe 
with a force of 36 x 107° N. After, the balls have bee 
connected by a wire and the latter has been removed, tt 
balls repel each other with a force of 20-25 x 107 } 
Determine the original charges on the balls. 
[Ans. 8 x 10° C, -2 x 10°? ¢ 
Two charged particles having charge 5 pC each are joine 
by an insulating string of length 1 m and the system 
placed on a smooth horizontal table. Find the tension : 
the string. [Ans. 0-225 } 
Two small spheres each of mass 10 mg are suspended fro! 
a point by threads 0-5 m long. They are equally charge 
and repel each other to a distance of 0-28 m. If g = 10 ms 
what is the charge on each ? (Karnataka, 199: 
[Ans. 1-594 x 10-8 ¢ 
Two small spheres each of mass 10 kg are suspende 
from a point by silk threads 50 cm long. These are equal 
charged and repel each other to a distance of 20 cm apa 
Calculate the charge on each sphere. Take g = 10 m s* 
(PS.S.C.E. 1998 S) [Ans. 3-01 x 10-? ¢ 
Two pith-balls each of mass 5 x 10~*kg are suspended frot 
the same point by silk threads 0-2 m long. Equal charg 
are given to the balls, which separate, until the threac 
enclose an angle of 30°. Calculate the charge on each pitl 
ball. [Ans. 3-954 x 10° ¢ 
Two similar small metallic spheres are suspended by equ 
threads from the same point. When either sphere is give 
a similar charge of 36 stat C, the distance between them 
6 cm. If the length of each thread is 5 cm, find the mass « 
each sphere and the tension in each thread. 
[Ans. 0-049 g ; 60 dyn 
Two equal small spheres each weighing 1 g are hung t 
equal silk threads attached to the same point. The sphere 
are charged when in contact and come to rest with the 
centres 2 cm apart and 20 cm vertically below the point 
support. Find the charge on each sphere, if g = 980 cm s" 
How will the force of repulsion be affected, if the plate 
glass of K = 8 is placed between the spheres ? 
[Ans. 14 statC ; 6-125 dyn 


ectric force exerted by A and B is 


Fig. 1.27 
(a) What electric force C exert upon B ? 
(b) What is the net electric force on B ? 


{Ans. (a)12-0 x 10°N (along BA) ; (b) 9-0 x 10° N (along BA)] 


25. 


Three small charged spheres, with equal charges on them 
are placed as shown in Fig. 1.28. A and C are fixed in 
position and B can move. C exerts a force of 4 x 10° N 
on B. 


A 2N3 cm B 


1cm 


Fig. 1.28 
(a) What force A exerts on B ? 
(b) What is the net force on B ? 
[Ans. (a)3 x 10°N_ ;(b)5x 10°N ina direction 36-9° 
east of north] 


26. Two equal positive charges, each of 5 uC interact with a 


27. 


[Ans. 
28. 


third positive charge of 10 uC situated as shown in Fig. 
1.29. Find the magnitude and direction of the force 
experienced by the charge of 10 pC. 

[Ans. 0-161 N (along CO)] 


5 uC 
Im 10 uC 
O Cc 
im 
B 
5 uC 


Fig. 1.29 

Three equal charges, each having a charge of + 2 x 10°C 
are placed at the three corners of a right angled triangle of 
sides 3 cm, 4 cm and 5 cm. Find the force on the charge at 
the right-angled corner. 
45-9 N at an angle of 60-64° with the side of length 4 cm] 
Two charges of + 2x 10-$ C and -10°8 C are placed at points 
Aand B respectively. Find the resultant force on a charge 
of 1 uC held at point P, such that AP = 10 cm, BP =5 cm 
and ZAPB = 90°. 

[Ans. 4-0 x 10-* N making an angle of 63-4° with AP] 


. On Superposition principle 
Charges of + 5 wC, + 10 uC and — 10 pC are placed in air at 


the corners A, B and C of an equilateral triangle ABC, 
having each side equal to 5 cm . Determine the resultant 
force on the charge at A. [Ans. 180 N (parallel to BC)] 
Four charges + q, + 4,—q and —q are placed respectively 
at the four corners A, B, C and D respectively of a square 
of side a. Calculate the force on a charge Q placed at the 


- centre of the square. 


Ans. Prey 42 Qq (parallel to AD or BC) 
4@&) >a" 


32. 


33. 


34. 


30: 


37. 


38. 


Two opposite ccrners of a square carry Q charge each and 


the other two opposite corners of the square carry q charge 
each. If the resultant force on Q is zero, how are Q and q 


[Ans.Q = -2V2q] 
MISCELLANEOUS PROBLEMS 


A copper atom consists of copper nucleus surrounded by 
29 electrons. The atomic weight of copper is 63-5 g mole"!. 
Let us now take two pieces of copper each weighing 10 g. 
Let us transfer one electron from one piece to another for 
every 100 atoms in that piece. What will be the coulomb 
force between the two pieces after the transfer of electrons, 
if they are 1 cm apart ? Avogadro number = 6 x 107? mole}, 
charge on an electron =—1-6x 10-19. (Roorkee, 1980) 

[Ans. 2.06 x 1018 N (attractive)] 
Asmall cork ball with a mass 0-58 g is suspended from a 
thread 10 cm long. Another ball is fixed at a distance 10 cm 
from the point of suspension and at a distance of 5 cm from 
the thread as shown in Fig. 1.30. What should the 
magnitude of the like and equal charges on the balls be to 
deflect the thread through 30° ? [Ans. 181-16 statC] 


related ? 


Fig. 1.30 
_A particle of mass m and carrying charge — q, is moving 
around a charge + q, along a circular path of radius r. Prove 


that period of revolution of the charge — q, about + q, is 
given by 


162° e,mr° 

TN 4a 
Two point electric charges of values g and 24 are kept ata 
distance d apart from each other in air. A third charge Q 
is to be kept along the same line in such a way that the net 
force acting on g and 2 q is zero. Calculate the position of 
charge Q in terms of q and d. (C.B.S.E. 1998) 


[Ans. x = d/( /2 + 1) or — d/( V2 — 1), where x is 
distance of charge O from q] 
Two fixed point charges 4 O and 2 Q are separated by a 
distance x. Where should a third point charge g be placed 
for it to be in equilibrium ? (PStSIG.E. 1999) 
[Ans. At a distance 0-586 x or 3-414 x from charge 4 Q] 
Two free point charges + 4 q and + q are at a distance 
a apart. Where should a third point charge Q be placed 
between them so that the entire system is in equili- 
brium ? What will be the magnitude and sign of the 
charge QO ? 
[Ans. At a distance 2 a/3 from the charge + 4q ; 
QO =4 4/9 (negative)] 
It is required to hold four equal point charges + q in 
equilibrium at the corners of a square. Find the point 
charge that will do this, if placed at the centre of the square. 


137 


js ; 
7 q (negative) 


Ans. 


10. 


q WG 


neta. ='6-25% 10% 
Cie Li GeO ee da 
3-5x10-°C 

7 sh eto eig4875 x10" 
@., $6 K105 De 

eee = 1-1 x 1030 


me 9-1X107!kg 
Therefore, charge on 1 kg of electrons, 
q=ne=1-1 x 10° x 1-6 x 10-19 = 1-76 x 10. C 
3-610 7C 
—1:6x10°'C 
Therefore, mass transferred from wool to polythene, 
M =n x m, = 2-25 x 10! x 9-1 x 10°! 
= 2-05 x 10-18 kg 
Number of atoms in 1 g of copper, 
Avogadro number _ 6:02 10? 
Rewer a a Sie ee 
atomic weight 63°5 
Therefore, number of atoms i.e. number of free electrons 
in 1 mg of copper, 
n’ = 9-48 x 107! x 10° = 9-48 x 1018 
Charge possessed by these free electrons, 
q=n'e =9-48 x 1018 x 1-6 x 10-19 = 1.517 C 
One molecule of water (H,O) contains 2 + 8 i.e. 10 


electrons. 
Number of molecules in 1 g of water, 


Avogadro number _ 6-02 10° 
ne atomic weight fe 18 
Therefore, number of electrons in 1 g of water, 
n' =n x 10 = 3-344 x 10” x 10 = 3-344 x 1073 
The negative charge possessed by 1 g of water, 

g=n'e=3-344 x 10% x 1-6 x 10-19 = 5.35 x 104 C 
For 41 = 47 = q (say), 
oe tee or q=4ae,F xr 

Setting F = 0-1 gf = 0-1 x 10% kg f=0-1 x 109 x 9-8N 
and 


ne te = 2.25 x 1012 


= 9-48 x 1021 


= 3-344 x 1022 


r=3 m, we get 
g=9-9x 107 C 
When two electrons are removed from an atom, charge on 
atom 
g=t2x16x 10% S432. 107? G 
For 4, = 9 = 4, we have 
ttligde Alc A L¥ae foods yw erent 
ATE Ean livia’ tive dash TeGyh ‘ 
Setting F = 8-8 x 10°? N, we get ; 
r= 3-24 x 10-19 m 


1 exe 


‘ 1/2 
ays nie Moni =) teseeilin he 
Le ee ce fe astey] 


Setting m, = 9-1 x 1073! kg ;e=1-6 x 10-1C; 
€, = 8-854 x 10-!? SI units, we get 
r= 5-08 m 
If eis magnitude of charge on an electron or a proton, then 


ut exe 
2 


Rc ony hy 


pps 


Li. 


12. 


eee 


14, 


15. 


16. 


17. 


RICAAC EC 


Setting e = 1-6x10-!9 C and r = 0-53 A = 0-53x10-9 m, w 
get 
F =8-2x10-8N K 

Ri ., Bama 


— = ——_,— = 9-2 x 1021 
meg 9:1X10-°!x 9-8 


Also, 


If q is charge given to each ball, then 
darn sls ion or g=j4ae,Gxm 
ANE fr r 


Setting G = 6-6 x 10-!! N m* kg and 
m= 10g = 10x 10% kg, we get 
gq = 8:56 x 10°83 C 
If q is charge placed on earth and moon, then 
1 V4 Mearth * Minoon 
2 


4ne& fr r 


or 9 = V4.2 &y9 G Meath X¥ Minoon 

Setting G = 6-6 x 107! N m* kg? ; M,,,,.,, = 107 kg an 
M, noon = 103 kg, we get 

q = 8-56 x 1015 C 

Buse "i 1 exe J, grees = dag. e* 
Bie! 4ab-ag Si r 4n€, Gm,* 
Setting G = 6-6 x 10"! N m2 kg? ; m, = 9-1 x 10-1 kg an 
e=1-6 x 10°19 C, we get 


F. 

—Hee _ 4.2 x 102 

Foray 
Proceed as in solved problem no. 1.06. 

1 Ak 
= ir recnsie ae 9y Jn = 4 Ey Fr? 

Setting F = 0:075 N and r = 3 m, we get 

qy Ub) = 7-5 x jo-11 RAG 
Also, 9, + 4) = 20 pC = 20 x 10°C at 


From equation (i) and (ii), it can be obtained that 
gy =15x10°C and q,=5x10°C 


F= Si 

Ais 
In first case : Setting 4, = 4) =q; F = 16 dyne andr =9cn 
we have 


(in cgs system) 


yi, me 6 


In second case : Setting 9, = 4,4, =49 + 56; F = 16 dyne an 
r=9+3=12 cm, we have 
1 qx (q+56 
165 xk x an Boa x ) 
From equations (i) and (ii), we get 

q = 72 statC 
Using equation (i), we get 

K=4 
Let q, and — q, be the charges on two balls. 
Before connecting with a wire : 


UA Es, af 2 
F= FRSA ie Or 4, 4,=40&,Fr 


Setting F = 36 x 107° N and r = 2 cm = 0 - 02 m, we get 
G, o> 16x 10 we 


EG 


Then, 
, AtGh) _ a-% 
ianena 2 
pF Gn = 2) 12 (Gy = 92) /2 
(ey se pg a 
IE Eg r 
or 94-99 =4x408,F' 7? 
Setting F’ = 20-25 x 10 N and r = 0-02 m, we get 
91-90 =6 x 10° (in) 
Solving equations (7) and (ii), we obtain 
q,=8x10°C and q,=2x 10 C (negative) 


18. ‘Tension in the string, 25. 
T = force of repulsion between the charges 
ty 4a 4 
“An Eo r- 
Setting q=5w~C=5x10°C and r=1m,we get 
T= 0-225 N 


19. Proceed as in solved problem no. 1.10. 
20. Proceed as in solved problem no. 10. 
21. Refer to Fig. 1.16: 
Here, AS = 0:2 mand 6 = 30°/2 = 15° 
According to triangle law of forces, 


| lat (i om OA 

= eo ae OP F=mg x —— 

OA, sSQRLAS SO 
1. 4X4 


Ein QA : 
dime 24 (AB) = mg x SO = mg tan 


Setting m=5 x 104+ke,¢=9-8ms~ and 
AB = 2 x OA=2 x AS sin 15°, we get 
g = 3-954 x 10°C 
22. Refer to Fig. 1.15. Here, AB=6cm and AS=5cm 
A hea 
~ (AB) 
Setting g = 36 stat C, we get 
F = 36 dyne 

As obtained in problem no. 21, 

IONE rs: PANE Te 


Now, F (in cgs system) 


OA 
Now, OA = AB/2 = 3 cm and SO = AS" —OA* =4cm 
Taking g = 980 cms, we get 

m=0-049g and T= 60 dyne 
23. Refer to Fig 1.15. Here, AB = 2 cm and SO = 20 cm 
Proceeding as in problem no, 21, it can be obtained that 
qQXq ap ne 
(AB)? SO 
Setting m = 1 g, g = 980 cms and OA = AB/2 = 1m, we 


(in cgs system) 


get 

q =14 statC 
On introducing dielectric : F Bg dat 
} Me hae ae, 
n introducing dielectric K (AB)? 
Setting K = 8, we get 

F = 6-125 dyne 

24. Here, AB=2 cm =0-02 m and BC = 1cm=0-01m 
q q Ftd 
oO 0 
A Fac B Feap Cc 
————— _ 2 cm ——— 1 cm —1 
Fig. 1.31 


anGs lish 6 oe 26. 


tae 
4m € (AB) 
Setting Fp, = 3-0 x 10° N, we get 

g= 3-65 x 10°N 

Be = = oa ao = 12:0 x 10-6 N (along BA) 
(b) Net force on charge at B, 
F = Fac — Faq = 12-0 x 10-30 x 10° 
= 9-0 x 10°N (along BA) 


Now, Fp, = 


(a) F 


B B 0 0 
Here, A ar = F C= 1 Sub 1 
[3 cm f= m cm m 


Fig. 1.32 
Let g be charge on each object. 


1 9X4 


Now, Fegc= is a : (BCy? 


Setting Fp, = 4 x 10° N, we get 
om el Le ee 

A as | 
4€, (AB)? 
(b) Net force on charge at B, 


F= (Ppa)? + (Fc)? = 5 x 10 N (along BP) 


If the direction of F makes an angle @ with NS-line, then 


(a) Fy, = = 3x 10 N (along BE) 


FE 
tan 0 = = =0-7500 or @= 36-9° (east of north) 
BC 


Here, qd, “4p =pvE=5 x 10° Cg. 3 10 pC = 10x 10°C 


AC =0C=/?? +2? =V5m 
A 


q 
A i 
1 
1 
1 
1 


Fig. 1.33 
Let F, and F, be the forces exerted by charges q, and qg 
on qc. Then, 
Rees As Se 
A 4m€ (AC)* 
Similarly, F, = 0-09 N (along CB’) 
Resolve the forces F, and F, into rectangular components 


along X-axis and Y-axis. The components along Y-axis are 
equal and opposite and hence cancel each other, while the 


m=0:09N (along CA’) 


27. 


28. 


30. 


components along X-ax -and in the same 
direction. Therefore, net force on charge at C, 


2 
F =2F, cos 0 =2 x 0-09 x 5 = 0-161 N (along CX) 


Here, q, = 43 =fe= + 2% 10°C; 
AB =3 cm = 0-03 m, BC = 4 cm = 0-04 m and 
AC =5cm=0-05 m 

A 


v EN 


Fig. 1.34 
Let F, and F, be the forces exerted by charges q ‘a and Gc 
on charge qp at point B. Then, 


eA 4A Xe , 

Lieekin (AB)? = 40 N (along BA’) 
et ce } 
and eee cs (BC)? = 22:5 N (along BC’) 


The resultant force on charge at B, 


F= JF? +R? =45-9 N (along BP) 


If the direction of F makes an angle f with side BC, then 
Fy 
tan B = —~ =1-7778 or f= 60-64° (with side BC) 
Fe 


Proceed as in problem no. 27. 
Proceed as in solved problem no. 1.12. 
Here, AB = BC = CD = DA=a 


Obviously, AO = BO = CO = DO = a cos 45° = a/ 0 
A a B 


Fig. 1.35 
Let F,, Fp, Fo and Fp be the forces exerted by charges at 
points A, B,C and D on charge Q at point O. It follows that 


F, = Fg=Fo=Fy == oo = SO 
A Br Cit. Dae ANE, (a/J2)2 40 E, a 


The resultant of the forces F, and Fo, 


1 2qQ 1 2qQ 
F, =F Sl ae 
Yat yt Xe 47 & ae Amt at 
or F,= : 540 
AN Ey 
Similarly, resultant of the forces F, and Fp, 
1 Q 
epg Ba Laer eae *—5 (along OM) 


31. 


32. 


33. 


240 
a 


F=\R? +R? = sa 


40 Eq 
Since forces F, and F, are equal in magnitude, the resultar 
force F will act along the bisector of ZCOD i.e. parallel t 
side AD or BC. 
Let each side of the square be of length a. 


Then, AC = ya? +a a J2a 


It follows that resultant force on charge at point C can b 
zero, if charges at points B and D are negative in nature 
Then, the forces F We F, and Fp will act on charge at poir 
C as shown in the Fig. 1.36. 


(along ON) 


F,sin 45° 


F,, cos 45° 
Fig. 1.36 
Se that resultant force on charge at point C is zero, 
Fp = F, cos 45° zl 
and Fp)=F, sin 45° ZAC 


From equation (1), we have 


a al aa , . O*D = 005, 45° 
AE, BC 4m€& AC 

q Q 1 
or a GP ae 73 or Q q 


Here, Avogadro number, N = 6 x 1023 mole“! and 
atomic weight of copper, A = 63-5 g mole}. 
Therefore, number of atoms in 10 g of copper, 
6 x 107° x 10 
[iM ee e 
A 63-5 
Since one electron per 100 atoms is transferred from coppe 
piece A to B, the charge on copper piece A, 


= 9-45 x 1072 


IN Te rr ve xe—- 15-2. € 


Obviously, charge on copper piece B, 


9p =—151-2C 
Force between two copper pieces, 
ig (i dood 1A Stig 
4x Eo r 


Setting r=1cm=0-01 m, we get 
F = 2.06 x 1018 N (attractive) 
Let g be charge on each ball. Suppose that cork ball Ai 
deflected to position A’, so that ZA’SO = 30°. 
Then, OA’ = A'S sin 30° = 10 x 0-5 = 5 cm 

A’B= 10cm =0-1m 
It follows that SA’B is an equilateral triangle. Th 
electrostatic force of repulsion F and weight#m g of the cor 
ball will act as shown in Fig. 1.37. 


( 


35. 


Fig. 1.37 
Since cork ball is in equilibrium, 
ge eras 
OA’ SO 
OA’ ‘ 
Of P= mn © x sO ..-(1) 
Here, F= ine (in cgs system), 


SO = 10 j10? - 5? =5/3 cm, 


m = 0:58 g and g = 980 cms? 
Setting for F, m, g, OA’ and SO in equation (i), we get 

q = 181-16 statC 
Suppose that the charge —q, moves around charge gq, along 
circular path of radius r with speed v. The necessary 
centripetal force is provided by the electrostatic force of 
attraction between them i.e. 

1 4X42 _m v 


ae See = 


AWE, | if 


1/2 
=| 1 Axa) 
or v= 
4NE mr 


If T is period of revolution of the charge —q, about q,, then 
2n7r 


v 
Substituting for v, we get 


T= [16.2%eq mr? 
1 42 


Suppose that the charge q, 2 q and Q are placed as shown 
in the Fig. 1.38. 


q -Q 2q 
—§\_o—>__o-—___—<+—_o—> 
Fan A Fac Cc Feo B Fea 


ee se el 
PAE ra ay Puree Cowen rere 


Fig. 1.38 
It follows that net force on charge q and 2 q can be zero, 
only if the charge Q is of opposite sign to those of charges 
q and 2 q. Therefore, if charges g and 2 q are considered 
positive, then charge Q is negative in nature. Let the 
distance of charge Q (negative) from q be equal to x. 
For force on charge q to be zero, Fxp = Fac 


Lr a LO sen del 18) 
ere ME laes x 
nie 


qn al: 


36. 


37. 


38. 


e 
, 


ce 4 ee 


1 29a 
AT Cay sd- ee end xe 
or a Ta (ii) 
; ZB ae 
From equations (i) and (ii), we get 
Bewley raven 
— y241 ¥2-1 


Suppose that charge q is placed at a distance AC = r from 
the charge 4 QO as shown in Fig. 1.39. 


4Q q 2Q 
o——_<+_—__5—___>____________-6 
A Fos Cc Fea 


Pr ckaaeany yea i> eee nrc 
i acs i. nc 
Fig..1.39 

Then, BC=x-r 
For charge q to be in equilibrium, 


Fea = Fop 
TER (4 QO} Teg h2 ©) 
4meg- 77 Amt (x—r)* 


or r=0-586x or 3-414x 

As explained in. solved problem no. 1.15, for the system to 
be in equilibrium, the third charge Q has to be negative in 
nature. 


+4q -Q +4 
—<_—o—_>_<+@\_\_o—_>__________—_0 
Fag A Fac Fea C Fos B 


Wee ey > 
at 


Fig. 1.40 
For charge — Q to be in equilibrium, Fo, = Fog 
wl gO. el Qq 2a 
or Sooew 2 Sate beast many. or em or 2a 


Since third charge is placed between the charges + 4 q and 
eq ioe 


2a 
V3 
For charge + 4 q to be in equilibrium, F,c = Faz 
Pag ty Gag x 
ATE, x 47 & ae ass ad ire: 
Setting x = 2 4/3, we get 
4 
Q= 9f (negative) 


Suppose that the charge Q placed at the centre of the square 
keeps all the charges in equilibrium [Fig. 1.41]. It follows 
that the charge O has to be negative in nature. 


then by symmetry it follows tl force experienced ~ a 


—— +, 
by charges at other corners will also be zero. The charge ERO fal 
at corner A will experience force Fg, Fc and Fp due to and = _) eee Cee 
charges at corners B, C and D and a force F due to charge - Amey (a/ 12)% 0 45 €y a 
at the centre of the square. If each side of the square is of For net force on charge at A to be zero, 
length a, then Fp + Fc cos 45° = F cos 45° Ba G3) 
1 i ore a oO ae 
koe Fu ge 8 ag Pe eee ahae and Fp+Fcsin45 F sin 45 PAGi) 
F 2 Substituting for Fy, Fc and F in equation (i), we get 
1 q “4 ; 
Now, Fy = Fp = sew 1+2V/2 
OBE” EAE Bidet ah = i |. (negative) 


mam 2.01. ELECTRIC FIELD 


When two charges are placed at a distance apart, they exert force on each other. 
Such a force is called action at a distance. 

Coulomb’s law in electrostatics provides a method to find the magnitude of 
force between two point charges kept at a distance. It cannot explain the mechanism 
as to how two charges exert force on each other at a distance. The concept of electric 
field provides an explanation as to how a charge can exert force on another charge 
kept at a distance from it. According to field concept, the force between two charges 
is a two-step process. 

In order to explain, consider that a charge q is present at some point in space. 
in the first step, it is assumed that the charge q creates something called electric field 
in the space around it. Likewise, charge q is called source charge. In the second step, 
it is assumed that when another charge q,, called test charge, is placed in the electric 
field produced by the source charge q, the electric field exerts force on it. 

Thus, electric field due to a charge is the space around the charge, in which any other 
charge is acted upon by an electrostatic force. 

The electric field of a charge is the space property by virtue of which the charge 
modifies the space around itself. As a result, if any other charge is brought in the 
space around the charge, it experiences electrostatic force. It may be pointed out 
that the source charge does not experience any force due to electric field produced 
by it. The electric field due to a source charge has its own existence and is present 
even if there is no test charge to experience the force. Further, the electric field takes 
finite time to propagate. If a charge is displaced from its position, the change in 
electric field at a distance r will be noticed after a time r/c, where c is the speed of 
light. 
mem 2.02..ELECTRIC FIELD INTENSITY 

The electric field intensity at a point due to a source charge may be defined as the force 
experienced per unit positive test charge placed at that point without disturbing the source 
sharge. The electric field intensity is also called strength of electric field or simply 
electric field. bes 

Consider that a positive test charge q, experiences a force F , when placed at 
the observation point (the point, where electric field is to be determined). Then, 
electric field at the observation point is given by 


7 

> 

B= eu ...(2.01) 
Jo 


In the above expression for electric field, it is assumed that when the test charge 
Jo is placed at the observation point, it does not disturb the source charge. One way 
fo ensure that test charge q, does not disturb the source charge is to keep its 
magnitude vanishingly small. If the test charge q, is not small, it will disturb the 
source charge and hence electric field at the observation point will be different from 
the one, had the source charge remained in its original position. 

- Therefore, electric field intensily at a point due to a source charge may be defined as 
the force experienced per unit positive charge on a vanishingly small positive test charge 
placed at that point. 


— 
If F is force experienced by positive test charge q, placed at the observation 


point, then electric field at that point is given by 


AES 
a 


B= 
909 


cule 02) 


29 


we 


CHAPTER 


Key point ; af: 


The concept of electric field provides an 
explanation to action at a distance. 


Key point pr, SERRE SES 


A charge does not experience any force 
due to electric field produced by it. 


tan a meer meee nnn 


Key point He: 


Usually, electric field intensity or strength 
of electric field is called simply electric 
field. 


_ 


Key point Rg 


To determine electric field due to a source 
charge, the magnitude of test charge 
placed at the observation point should be 
vanishingly small so that it does not 
disturb the source charge. 


Self-study Question ie 


In equation (2.02), the limit g) > 0 is 
against the fact that in nature, the charge 
less than that on an electron or a proton 
does not exist. How. then, this condition 
is justified ? 


The dea of aking the limit 9g Os hat on placing the test charge 
observation point, the source charge will not be disturbed. 

The electric field at a point is a vector quantity. From eaten ie 01) or (2.02), 
it follows that unit of electric field in SI is newton coulomb“ (N C4). 


Force on a charge inside electric field. If E is electric field ate a point, then by 
definition, a charge g placeae at i point will experience a force F given by 
F — q E .. (2:03) 
wm 2,03. PHYSICAL. SIGNIFI AN E OF ELECTRIC FIELD 
1e. 


e concept of electric is of a great significance. Iwo charges kept at a 
distance exert force on each other, which is termed as action at a distance. The 


concept of electric field helps us to understand the mechanism by which two charges _ 


kept at a distance exert force on each other. Further, as an alternative to Coulomb’s 
law in electsostatics, it gives a method to find the force experienced by a charge due 
to another in terms of the electric field produced by it. 


ECTRIC FIELD DUE TO A POINT CHARGE 


onet that,a point charge +q is placed at the origin O of the co- -ordinate 
frame. Let P be the point, where electric field due to the point charge +q is to be 
determined [Fig. 2.01]. Let oP = 7 be the position vector of the point P. 


To find electric field at point P, place a vanishingly small positive test charge 
qo at point P. According to Coulomb’s law, force on the test charge q, due to charge 
q is given by 


= A 
. F= at 
4m €, a 
where? is unit vector along OP. If E is the electric field at point P, then 
a 
. 2 x 
2 YAR Bement gue 
979 99 w270\q, 478, 4 
> i 
or ee ET fpf ok soph ng (2.04) 
4n & 5 4n cat 
The magnitude of the electric field at point P is given by 
Re, ole (2.05) 
40 Ey r2 


From the above expression for electric field, it follows that electric field is 
spherically symmetric as seen from the charge q and its magnitude decreases 
inversely as the square of the distance from the charge. 

Representation of electric field. Let us represent the electric field due toa 
positive charge by associating a vector (in order to represent magnitude and 
direction). The magnitude and direction of the electric field at various points may 
be represented by arrows of suitable lengths. The points, where the electric field has 
large magnitude, longer arrows may be used and at the points, where the field has 
small magnitude, smaller arrows may be used. To be accurate, the lengths of the 
arrows will vary inversely as the square of the distance of the observation point from 
the charge. Further, the arrows will point away from the charge, in case it is a positive 
charge and will point into the charge, in case it is a negative charge. According to 
this scheme, Fig. 2.02 represents the electric field due to a positive charge, while Fig. 
2.03 represents the electric field due to a negative charge. 

Three components of electric field. Refer to Fig. 2.01. If (x, y, z) are Aus co- 
ordinates of point P, then 

Guciieveh j yt+kz 
and r=lrl=G24y2421/2 
Substituting for cf and r in equation (2.04), we have 


A A A 
wale g(ixt+jy+kz) 
ities GMA Sid 
ABE (x24 y? + 72)3/2 .--(2.06) 


iS DOQ UMS raj 
haste ‘Re beth Wuereses 
ERA Mat FIORE 


Oi herefbre, at point F, the componente of electric field Gugchentas only) along 


the three axes are given by e 
[eee 1 sede SAUAIS 389) 9 
x 4 TE, (x2 * y? Yr 7223/2 
Ree Ths 5 ONY 00 
Y" An €, (2 ty? 4+22)3/ 
and Eu= : abe 


Ame, (x2 4y?4+22)9/ 
Electric field in terms of position vectors of source charge and the observation 
point. Consider that the point charge g is present at point A, whose position vector 


es ae a a! 
is OA =r’ and the position vector of the observation point P is OP = r [Fig. 2.04]. 


A vanishingly small positive test charge q, placed at point P experiences force due 
to charge q, which is given by 


os 
i mE bp aobatyethlom AP, 
4n€, (AP) 
=> 1 eS i 4k 
or ree el TAP hh (2.07) 
4m€, (AP) ois ie - 


Here, AP i is vector from ae q to the test charge fon 
From Fig. 2.04, it follows that 


OA + AP = OP 
or Af OP-—OA= 1-7" 
Therefore, equation (2.07) becomes feta? 
FPP ontl rigs 
Hence, the electric field at point P is given by 
= 
Gee 
9979 Ao 
= 1 
or Bee ete — 2) ...(2.08) 
4AmMe 
ge 2-05.ELECTRIC FIELD SR Top A apps 2 PST RIGUBOR OF 


CHARGES 


Electric field at a point due to discrete distribution of charges can be found by 
making use of principle of superposition of electric fields. 

Principle of superposition of electric field states that electric field at any point 
due to a group of charges is equal to the vector sum of the electric fields produced by 
each charge individually at that point, when all other charges are assumed to be absent. 

Consider that n point charges 41, 45, 43, ------ J, are distributed in space in a 
discrete manner. Suppose that we have to find electric field at point P due to the 
discrete distribution of charges. For this, place a vanishingly small positive test 
charge qj at the observation point P [Fig. 2.05]. Suppose that the charges q1, 4, 93, 


a > 
—_ q, exert forces F,, Fy, F;,..... F, on the test charges qp. 


If E is force due to the ith charge q; on the test charge q,, then 

E ie kes 
AK g, Fs ** 

where r;is the distance of the test bare Go from the ith charge q; and 7, is unit vector 

from charge qj to qo, 


The electric field due to the ith charge q; at the observation point is given by 
3 
> b kat ar 
E;= Lt a [2 eng ts 7 


Ge ARE. 7 


— A, 
or E; = : Ki G ...(2.09) 


“The oe field Ej owe hy x ONY ae : pis | | 
the direction of the force on charge q;. Likewise, the electric field E, i E. RN E, ee 


to the charges q,, >, «.-.. q, act along the direction of the forces on the test charge 
due to them as shown in Fig. 2.05. 


If E is the electric field due to the discrete distribution of charges, then by 
principle of superposition of electric ia 


a — n- 


| Eri Eek, ¢ @adeee +E, =) E; 


Using equation (2.09), we have 


4 “ 1 qi a 
DM soe a 
idle “Og 
=, A: 
or ye ae ...(2.10) 
4TE, r; 


Electric field in terms of position vectors of source charges and the 
observation point. Suppose that n point charges q,, 95, 93, ----- J, are placed in space 


: if os wi i Pe 
at the points, whose position vectors are 7, , ry r, respectively. Let r; be the 


povegewe 


position vector of theith charge q; and 7 , the position vector of the observation point 
P [Fig. 2.06]. As obtained in section 2.04, the electric due to a point charge at an 
observation point in terms of position vectors of the charge and the observation point 
is given by equation (2.08). Using this equation, electric 2 due to charge q; at point 


Pi b 
is given by ‘% | : pet 
Ej = smear aed at 4) A 
AB Ey iy r, 3 
Hence, electric field at point P due to the discrete distribution of n point charges 
is given by . 
i= Se 
ied 
= 1 i 
or E; = =; Salty wt COOLEY 
eeies imi 24 P 
Ml 2.(6.ELECTRIC FIELD DUE TO A CONTINUOUS bistIBUTION OF 
CHARGES 


Now, we calculate electric field due to a continuous distribution of charges i in 
the following cases : 
1. Electric field due to a line charge Weaeoabnk Ca: Refer to Fig. 1.10 of the 


previous chapter. Let E be electric field at location 7 r due to the line charge 


distribution L having linear charge density A. 
Naa! equation (1.21), the force on a vanishingly small test charge % at loca- 


tion r due to the line charge distribution is given by 
= 32> 8G 
a TT) “40 set fain 
iar agit 
Here, ’ r' is position vector of thie elementary portion dl of the line charge L 
having charge A dl. Therefore, electric field at location 7 due to line charge 
distribution is given by 


— 
a 
Baa Let As 
9.79 Yo vit 
= [> € 
or ive : [=e -") eA 2512) 
4M E, i eae 
Llr-—-r'l 


2. Electric field due to a surface charge distribution. Refer to Fig. 1.11 of the 


= — 
previous chapter. Let E be electric field at location r due to the surface charge 


RSD 


face charge density o - From the equat on (1.22), th 


ona vanishingly ail test charge q, at location 7 due to surface charge distribution 
S is given by 


i= 1 SN? 
Rey Soave eae oe 
0 slr—r'l 


aa we ; 
Here, r’ is position vector of the elementary portion dS of the surface charge 


distribution S having charge o dS. Therefore, electric field at location r due to the 
surface charge distribution is given by 
Ser 


— 
jis MAE he 
Go>9 Yo 
= dS > FF 
OF “esa j—.c-r) (2.13) 
ATE, mo NT Sis 
slr—-r'l 


3. Electric field due to a volume charge distribution. Refer to Fig. 1.12 of the 
previous chapter. Let E be electric field at location 7 due to volume charge 
distribution V having volume charge density p. From the equation (1.23), the force 
ona vanishingly small test charge q, at location r due to volume charge aon 
V is given by 


ee 1 pds ri 
ere. re 4 OE? 3) rar 
0 vir -r'l : 


Here, 7’ is position vector of the elementary portion dV of the volume charge 


distribution V having charge p dV. Therefore, electric field at location 7 due to the 
volume charge distribution is given by 


= 
— 
Reon = 
979 oy 
= dV > Oo 
ae Be Mw p (r=?) (2.14) 


mum 2.07.ELECTRIC FIELD DUE TOA CIRCULAR LOOP OF CHARGE 


Consider a circular loop of a wire of negligible thickness having radius a. 
Suppose that the total charge q is distributed uniformly over its circumference. 
Suppose the loop is placed in YZ plane, such that its centre coincides with the origin 
O [Fig. 2.07]. Let P be a point at a distance x from the centre of the loop on its axis 
OX, where electric field due to the loop is to be determined. 

Consider an elementary length AB of the loop of length dl. Then, 

charge on the elementary length AB, 

q 
z dq Sai dl 

Let dE be electric field at point P due to charge dq on the elementary portion 
AB of the ring. Then, magnitude of electric field due to the elementary portion is 
given by 


ies 
dee ele — (along CP) 
4n&, CP? 

Now, CP= (x2+a2)!/2 

Substituting for dq and CP, we have 

etd qdl 
Ame, 2ma(x* +a") 

The electric field dE due to elementary portion AB can be resolved into two 
components : 

(i) dE, along PX 1.e. along X-axis and 

(ii) dE,, along normal to PX. For element AB, the component dE,, will be along 
Z-axis and in the downward direction. 

The component dE,, of dE due to various elementary portions of the circular 
loop will not contribute to the electric field at point P due to the whole loop. It is 
because of the fact that the components dE,, due to any two elementary portions of 
the loop located opposite to each other are equal and opposite and hence cancel out. 
In other words, net electric field at point P due to the whole loop of charge will be 
only along X-axis. 


If dE makes angle @ with X-axis, then 


dE, = dE cos 8 
In right angled triangle POC, ZOPC = 8. Therefore, 
x 
1 q dl x 
Hence, dE, = . : 
* Ane, 2na(x*+a*) @* +07) 
or dE, : i= 


“axe, Deal? +a)” 
Electric field due to whole of the circular loop is given by 


1 qxdl 
B=. | dE, = : 
J . 4n& 2na(x* +a)?” 
total total 
loop loop 
ay LAS qx | Caetaee hie qx (27a) 
ATE, 2ma(x? +a yee oS 4n&, 2na(x2 +a2)?/2 
3 loop 
or je eee (along PX) (2G) 


eA ie E, ; (x2 + a2)3/2 

Special cases. Let us evaluate the electric field due to the circular loop of the 
charge in the following cases : 

1. When point P lies at centre of the loop : In such a case, x = 0. Then, from 
equation (2.16), it follows that 

E=0 

2. When point P lies at a distance x > > a: In sucha case, in equation (2.16), a 

can be neglected in comparison to x. Then, 


| 
aE Ge (along PX) 
It is an expression for electric field due to point charge g at a distance x from 
it. Therefore, a circular loop of charge behaves as a point charge, in case observation point 
on its axis is at a distance quite large as compared to the dimensions (radius) of the loop. 


Mmm 2.08, ELECTRIC LINES OF FORCE 

An electric line of force is the path along which a unit positive charge would move, if 
it is free to do so. 

The electric line of force points in the direction of electric field. The electric line 
of force may be straight or curved. In case, electric line of force is a curve, then 
direction of electric field at any point is given by the tangent to the line of force at 
that point as shown in Fig. 2.08. 

The strength of the electric field at any point is measured as the number of lines 
of force crossing a unit area held normal to the lines of force at that point. 


‘The electric fied 


‘point from the circular loop is ¢ 


Key point 


of charge and a point char; 
provided the distance 


ELECTRIC LINE 
OF FORCE P 


Bee yronte om 
Properties of electric lines 0 
roperties : 

1. The lines of force start from the positive charge and end at the negative charge. 
2. The lines of force originate from or terminate at a surface always at right angles to 
he surface. 

3. The lines of force do not pass through a conductor. 

It indicates that the electric field inside a conductor is always zero. 

4. The lines of force never intersect each other. 

In case, two lines of force intersect at a point, then it will mean that at that point, 
slectric field has two directions. As it is not possible, the lines of force can never 
ntersect each other. 

5. The relative closeness of lines of force in different regions of space gives the idea about 
he relative strengths of the electric field in the different regions. 

The regions, where lines of force are closer, the electric field is strong and the 
egions, where the lines of forces are farther apart, the field is weak. 

6. The lines of force contract longitudinally i.e. lengthwise. 

This property of lines of force leads to explain attraction between two unlike 
harges. 

7. The lines of force exert a lateral pressure on each other. 

This property of lines of force leads to explain the repulsion between two like 
harges. 

Let us represent the electric field lines in the following cases : 
1. Field lines in case of isolated point charges. Figs. 2.09 (a) and 2.09 (b) represent 


A OK 


Fig. 2.09 (a) Fig. 2.09 (b) 
he electric field due to an isolated positive and a negative charge respectively. From 
he positive charge, the lines of force originate ; while in the case of negative charge, 
he lines of force terminate at it. 

2. Field lines in case of a system of two charges. Fig. 2.10 (a) represents field 
ines in case of a system of two equal and opposite charges. The field lines behave 
is rubber bands between the two charges and tend to contract lengthwise. Therefore, 
he lines of force tend to bring the two charges close to each other, which shows that 
ypposite charges attract each other. 


Fig. 2.10 (a) Fig. 2.10 (b) 

Fig. 2.10 (b) represents field lines between two equal positive charges. The field 
ines seem to exert sideways pressure and hence it shows that the two like charges 
epel each other. 

Importance of electric lines of force. The electric lines of force can be used to 
epresent the electric field due to a point charge or a system of point charges. It may 


ye noted that though the lines of force are imaginary, the electric field they represent 
s real. att 


e. The electric lines of force have the following 


Key point of 


Electric field inside a conductor is always 
zero. 


Key point : a 


The property that electric lines of force 
contract longitudinally leads to explain 
the attraction between opposite charges. 
On the other hand, the property that 
electric lines of force exert lateral pressure 
on each other leads to explain repulsion 
between like charges. 


mum 2.09. ELECTRIC DIP 
A system of two equal and opposite charges separated by a certain distance is called 
an electric dipole. 


Fig. 2.11 represents an electric dipole consisting of two charges -q and + q 
and separated by distance AB = 2 a. The distance AB is called length of the dipole 


and is a vector ot whose direction is from the charge — q to charge + gq. 

The molecules of water, ammonia, etc behave as electric dipoles. It is because, 
the centres of positive and negative charges in these molecules lie at a small distance 
from each other. 


mame 2.10. ELECTRIC DIPOLE MOMENT 
It is defined as the product of either charge and the length of the electric dipole. 


> — 
It is denoted by vector p , which has the same direction as that of 24 . Thus, 


> > 
p =q(2a) A OMA) 
In SI, unit of electric dipole moment is coulomb metre (C m). 


gum 2.11. ELECTRIC FIELD ON AXIAL LINE OF AN ELECTRIC DIPOLE 
Consider an electric dipole consisting of charges — q and + g, separated by a 


distance 2 a and placed in free space. Let P be a point on the line joining the two 
charges (axial line) at a distance r from the centre O of the dipole [Fig. 2.12]. 


“4 +4 = 
CE ais om > x 
We-==- 1 ----}e---- 4 ----1 Ea Ee 
1«----------- 1 ---------- > 
Fig. 2.12. 


The electric field E at point P due to the dipole will be the resultant of the electric 
field Ey (due to charge — q at point A) and Ep (due to charge + g at point B) i.e. 
32> 3G = 
E=E A +Ep 
1 


Biswas but “LB ide ee aed (along PA) 
: 4 me, AP? 4%, (r+a)* 


wg. 8 oe bute -q 1 q 
and lEp l= : = ; (along PX) 
z 4n E BP2 4a E> (r- a)? 8 


Obviously, lEp jis greater than IE, |. | 
Since E a and Es act along the same line but in opposite direction, the 
magnitude of the electric field at point P is given by 


- E=IEI=1EgI-lEq | (along PX) 
or vO SS OE RP: PP i TR lk: AY 
4 me, (r-a)* 47€ (r+a)* 
Pinel (r +a)? -(r—a)? _ Tena 
4 TE, (r2 —a2)? A ee. (r? ~ a2) 
Now, q (2 a) = p, the magnitude of the electric dipole moment of the dipole. 
eet 2pt_ (long PX) (2.18) 


4 ey (2 —a2)2 
It may be noted that direction of electric field at a point on axial line of the 


dipole is from charge — q to + q i.e. same as that of electric dipole moment of the 
dipole. 


Key point 


PPM eM tee 2, Pear aig Shar Meee ED 
Fess Reem Sac a aL Oy 


When dipole is of very small length. If the dipole is of small length, such that 
<< r, then in equation (2.18), a can be neglected as compared to r?. Therefore, for 
1 electric dipole of very small length 


1 2p 
“ee coated (along PX) 2.(2519) 
gp 2.12.ELECTRIC FIELD ON EQUITORIAL LINE OF AN ELECTRIC 


DIPOLE 


Consider an electric dipole consisting of charges - q and +q separated by a 
stance 2 a and placed in free space. Let P be a point on equitorial line of the dipole 
ight bisector of the length of dipole) at a distance r from the centre of the dipole 
ig. 2.13]. 


Let Ri and ae be electric fields at point P due to charge — g at point A and 
large + q at point B. Then, resultant electric field at point P is given by 


ee eee 
E= Ea +Ep 
4 1 q 1 q 
Now, bE l= -— y= oe al PA 
aie 94 €& AP? 4m&, (r2+a2) talons Fy 
aed 
and (bgt eeealg a hll 4 (along BP) 


4ne, BP? 42&, (r2+a2) 
It may be noted that E i and Ep have same magnitude. To find the resultant 


ectric field at point P due to the dipole, represent E a and Es by the two adjacent 
des PL and PM of a parallelogram. Then, diagonal PN of the parallelogram 


presents the resultant electric field E due to the dipole, which acts along PX’. The 
sultant electric field can also be found by using triangle law of addition of vectors. 
_— = 
A PAB, PA, BP and BA represent E, , Eg and E respectively. Therefore, by 
langle law of addition of vectors, 
= = = 
IE! lE,!_ Eg! 
BA PA BP 


LS NS BA 1 q 2a 
|IEl=lE, |x —= ——— ee 
or A PA 47¢€, (r2 + a2) (r2 + q2)1/2 
1 q (2a) 
or 


ARE, (72 4+.02)9/2 

Now g (2 a) = p, the magnitude of the elecric dipole moment of the dipole. 

nerefore, 
= 1 : 
= An E, (r2 ‘ q2)3/2 

It may be noted that direction of electric field at a point on the equitorial line 
‘the dipole is from charge + q to - i.e. opposite to the direction of electric dipole 
oment of the dipole. 

When dipole is of very small length. If the dipole is of small length such that 
< <r, then in equation (2.20), a* can be neglected as compared to r2. Therefore, for 
. electric dipole of very small length, 

1 ’ 
rae = a (along PX’) (2.21) 
gy 2.13.ELECTRIC FIELD AT ANY POINT DUETO AN ELECTRIC DIPOLE 

Consider an electric dipole AB of small length having charge —q at point Aand 
large + q at point B. Let O be the centre of the dipole and P be any point at a 
istance r from its centre, where electric intensity due to the dipole is to be 
stermined. Let Z POB = 6 [Fig. 2.14]. 

The dipole moment ? of the dipole can be resolved into two components : 

(i) The component p cos @ along OP and 

(ii) the component p sin @ along a direction perpendicular to OP. 


(along PX’) ...(2.20) 
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Key point if 


The direction of electric field due to an 


electric dipole at a point on its equi 
line is opposite to that of electric di 


moment. 


The strength of electric field at a po 
axial line of an electric dipole of 
small length is twice at the point at 
distance on its-equitorial line. _ 


Key point af 


y ” yee 
Y w : ¥ 
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The electric dipole AB of dipole moment p can be considered as to be equivalent 
to the combination of two electric dipolesi.e. one dipoleA , B, having dipole moment 
p cos @and another electric dipole A, B, (placed perpendicular to A, B,) having 
electric dipole moment p sin @. 

The point P lies on the axial line of dipole A, By. Therefore, electric field intensity — 
at point P due to dipole A, B,, 


2 6 
IE, |=—+— . =P OS® (along PK) 
ATE, r 
Further, point P lies on the equitorial line of dipole A, B,. Therefore, electric ry. 
field intensity at point P due to dipole A, B,, phi 
. / 
\E> i TE as 2 (along PL, perpendicular to PK) A 
: 4n Eo Yr / 
The resultant electric field intensity at point P, 
a 
— E; st E> 


> > 
or E=ylE,|+/E,! 
2 1. \ 2 pees 2 1p pai 8 : 
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a P 2 an) 
AF 400s @+sin~ 0 


wee: £5 
1 pv3 cos? @+1 
or ~ + eso aa bee 4 
AT €, r 


The equation (2.22) gives the magnitude of electric field intensity due to a short 
electric dipole at a distance r from its centre in a direction making an angle @ with 
the dipole. 

To find the direction of electric field intensity due to the dipole, suppose that 


= 
it makes an angle a@ with the direction of E, i.e. with the line OK. Then, from right 


angled A PKM, we have 
a 
|E, | ; 
tin ae eae ee J fry 1 2 pcos® 
i SR Ae ay 4n€, Pe 
[Ey | 
a ae ; ete (2.23) 


The equation (2.23) can be used to find the value of angle o and hence the 
direction of electric field intensity due to the dipole. 


Mmmm2.14. ELECTRIC DIPOLE IN UNIFORM ELECTRIC FIELD 


Consider an electric dipole consisting of charges — q and +q and of length 2 a 


placed in a uniform electric field E making an angle @ with the direction of the field 
as shown in Fig. 2.15. 


=i) E a A # 
“ 
Fig. 2.15 
= : > 
Force on charge -g atA=-qf (opposite to E ) 
and force on charge +g at B= q E (along a 


Thus, electric dipole is under the action of two equal and unlike parallel forces, 
which give rise to a torque on the dipole. The magnitude of the torque is given by 


(oo 


T= either force x perpendicular distance between the two forces 


=qE(AN) =gE (asin @) =q (2a) Esin@ Key point af 


or t=pEsin 0 (2.24) 97 if ee ; 
; re oy tric field, t 
Here, p = q (2 a) is electric dipole moment of the electric dipole. Tait eer otces ole : ace Beh 


The torque on the dipole tends to align it along the direction of the electric field. when the electric fieldds’ hot uniform: it 


—> . 
Since electric dipole moment vector F is a vector from the charge — q to + q, _©XPetiences both a torque and force. 


ie equation (2.24) may be expressed as 
> 79 > 


T=pxE (2-25) 

Note. 1. It may be pointed out that when dipole is placed in uniform electric 
eld, it experiences only a torque. Net force on the dipole is zero. By 

2. Torque on the dipole becomes zero, when it aligns itself parallel to the electric Theegent ase oF ie hee aipate 
eld. along the electric field (p || E) corres- 

3. Torque on the dipole is maximum, when dipole is placed at right angles to ponds to the stable equilibrium. 
e direction of the electric field. 

3 Trax = Pp Esin 90° =pE 


SOLVED NUMERICAL PROBLEMS 


ype A. On Force experienced by a charge in an Force on drop due to gravity, 
electric field 
Problem 2.01. Calculate the electric field strength 


EP EIS oe rerpg 


quired to just support a water drop of mass 10~’ kg and Here, p= 1:26 g cm = 1.26 x (10-3 kg) x (10 my? 
aving a charge 1-6 x 10-19 C. (C.B.S.E. 1999) = 1:26 x 10° kg m+ 
Sol. Here, m = 10-’ kg ; = 1-6 x 10°1°C and g=9:81m me 
Let E be the sterngth of the electric field required to just by Be 293s 106% 10850981 Ni 
ipport the water drop. Then, Bir 43 
Ee=mg The drop will be held stationary, if F, and F, are equal 
mg 1077 x9-8 " ; and apa 1. 
~ iieaihe magyguiee pa tie lun or BBP x 1:26 x 10? x 981= 1.92 x 1078 x 2.25 x 104 
Problem 2.02. A particle of mass 10~° kg and charge 5 18 4 ; 
C is thrown at a speed 20 m s“! against a uniform electric aS ya) OX1:92K10 7 X2:25x10 
eld of strength 2 x 10° N C!. How much distance will it 4m X1-26x10° x 9-81 
avel before coming to rest momentarily ? = (0-9456 x 10718)1/3 
Sol. Here, m = 10% kg ;q=5uwC =5x 10°C; = 9.81 x 10-7 m = 9-81 x 10-4 mm 
“= 20 m sand) = 2210? NC! Problem 2.04. A pendulum bob of mass 80 mg and 
Force on the charged particle, carrying a charge of 2 x 10-® coulomb is at rest in a 
F=qgE=5x 10% x2 105=1N horizontal uniform electric field of 20,000 V s~1. Find the 
Since the particle is thrown against the electric field, pees uae OF theipenpuldnans the qlee makes 
celeration of the particle, eh iS Fa ie 
F 1 Sol. Consider that a pendulum bob of weight m g and 
ees Se EAS ni so) carrying a charge q is suspended in the electric field E. 
m 10° Suppose that it comes to rest at point A, so that it makes an 
From the relation : v2 — u* =2aS, we have angle @ with the vertical as shown in Fig. 2.16. 


v>—u?> 0? — 20° 
2a 2x(=10°) 
Problem 2.03. An oil drop of 12 excess electrons is held 
ationary under a constant electric field of 2:55 x 104 Vm} 
1 Millikan’s oil drop experiment. The density of the oil 
1-26 g cm™. Estimate the radius of the drop. Given that 


=0-2m 


= 9-81 m s~2and e = 1-6 x 10719 C. (Text Problem) 
Sol. Here, E = 2:55 x 104 V m™! 
Charge on the drop, at mg VERTICAL 
g=12e= 12x 1-6 x 10~ 
= 1-92 x 10°18 C Fig. 2.16 , 
At point A, the bob is acted upon by the following three 


Force on oil drop due to electric field, 


yy =q E=1-92 x 10718 x 2-55 x 104 N forces : 


(i) Weight mg acting vertically downward. 
(ii) Tension T in the string along AS. 


GE Ne Ss TETAS Oe hai Ls An Ras TRE Ie dela G 


el Mic 


(iii) Electrostatic force gE on th 
Since the bob is in equilibrium under the action of the 

forces mg, T and q E, these forces can be represented by the 
sides SN, AS and NA of the triangle ANS. Therefore, 
i 
SN NA_ AS 

m = 80 mg = 80 x 10 kg ; 

g=2.x 10°C and E = 20,000 V m"! 
From equation (i), we have 


see 


.-(1) 


Here, 


NA gE 
SN mg 
ene Ra eae Ha aia 
mg 80x10" x 9-8 
or 6 = 27-02° 
Again from equation (i), we have 
Tae 
AS NA 
i _ gE (_ gE _ 2x10 x 20,000 
“NA/AS sind sin (27 -02°) 
_ 2x 1078 x 20,000 


= 8-8 x 104N 
0- 4543 
Type B. On Electric field due to a point charge 
Problem 2.05. Two point charges of 2 x 10~’ C and 
1-0 x 10-7 are 1-0 cm apart. What is the magnitude of the 
field produced by either charge at the site of the other ? 
Use standard value of 1/4 7ve,. (P.S.S.C.E. 1998) 
Ans. Here, q, = 2:0 x 10-7 C; q, = 1.0 x 10-7 C 
and r=10cm=10%m 
The electric field at the site of a charge will be the electric 
field produced by the other charge. 
Therefore, electric field due to charge q,at the site of qp, 
1 gq _ 9x10? x2-0x107 
4ne, r? (10-7)? 
Also, electric field due to charge q, at the site of qj, 
_ 1 gg _ 9x10? x1:0x107 
4m& 72. iO; ce, 
Type C. On Electric field due to a.group of charges 
Problem 2.06. Two point charges of + 5x 10-19 C and 
+20 x 10-19 C are separated by a distance 2 m. Find the point 
on the line joining them at which electric field intensity is 
zero. (C.B.S.E. 2001 S) 
Sol. Here, q, = +5 x 10-19 C ;q, =20 x 10-9 Cand r=2m 
Suppose that the resultant electric field is zero at point 
O [Fig. 2.17]. 
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=18x107NC1 


=9x10°NC1 


E 


Go=+20x10 'C 


A B 

[e---- x ----p}e==--- 1-X----= > 

}------------- Pecennaaa a === > 
Fig. 2.17 


If AO =x, then BO = r=—x=2-<x 

Let E, and E, be electric fields at point O due to charges 
q, and q, respectively. Then, electric field will be zero at point 
O, if E, and E, are equal in magnitude and opposite in 
direction i.e. 


e bob along horizontal. 


1520 Sig a0) MCLG Raper 


5x10)? _.20x10~? 


* x? rex 

or 4x2 =(2-x)? 

or 2x=+(2-x) 

or x= 2/3m or -2m 


Thus, electric intensity will be zero at a distanc 
2/3 m from charge q, (towards charge q,) or at a disté 
of 2 m on the other side of charge qj. 

Problem 2.07. Two point charges qq = 3 UC | 
9p = — 3 uC are located 20 cm apart in vacuum. (a) W 
is the electric field at the mid-point O of the line 
joining the two charges ? (b) If a negative test charg 
magnitude 1-5 x 10~? is placed at this point, what is 
force experienced by the test charge ? (Text Prob 

Sol. Here, gq, =3 uC =3 x 10°C; 

9p =-3 uC =-3x 10°C andr=20cm=0-2m 
Let O be the mid-point of the line AB [Fig. 2.18]. 


4@a=3uC E, Jz =—3uC 
| 
A Oo Es, B 
Peo Tee 0 2ne=——a-—— >| 
Fig. 2.18 
0:2 
‘Thens OA OB = rece =0-1m 


(a) Electric field at point O due to qa, 


106 
salen Spe Np aetde 
4m€, (OA) (0-1) 
= 2-7 Ne (along OB) 
Electric field at point O due to gp, 
10° 
Eg th Dulas, =9x10? yee 
4m€, (OB) (0-1) 
= 2:7 x 108Gr (along OB) 


Therefore, net electric field at pointO due to charge 
and gp, 

E=E, + Eg =2:7 x 10° +2-7 x 10° 
= 54x 10°N C1 (along OB) 

(b) Force on a negative charge of magnitude 1-5 x _ 
C placed at point O, 

F=qE=1-5x 10-9 x 5-4 x 10° =8-1 x 10 N (along | 

The force on negative charge acts in a direction oppc 
to that of the electric field. 

Problem 2.08. Two point charges of +16 uC and — § 
are placed 8 cm apart in air. Determine the position of 
point at which the resultant electric field is zero. 

(PS.S.C Bal: 

Sol. Here, g, = + 16 uC =+ 16 x 10°C; 

9p =—-9u¢C =-9x 10°C and r=8 cm=0-08 m 

The electric field cannot be zero at a point between 
two charges. It is because, the charges are of opposite si, 
Also, the electric field cannot be zero at a point to the le 
charge q,. It is because the magnitude of charge q, is gre 
than that of qp. 


Suppose that the res 
charges is zero at point O located to the right of charge qg as 
shown in Fig. 2.19. 


4@a=3uC 9p=-9uC Ep, E, 
a d 
A B fe) 
«----- r= 80m ----PHe-- X--->| 
Fig. 2.19 


If OB =x, then OA = x + 0-08. 

The electric fields E, and Ep due to the two charges at 
he point O are in opposite directions. Since resultant electric 
jeld is zero at point O, E, and Ep are equal in magnitude i.e. 

Penrod Anica! thiocr AB a 
4me, OA 478, OB? 


16x10° 9x10°° 


(x + 0-08) bs 
nat Acne Suet thie piiieale G40 Nona 
(x +0-08) x 4 3 
0-24 
or x=0-24m ON lasts pied 
0-24 4 
At x = -—— m (at point to the left of point B), the 


nagnitudes of E, and Ep are equal but the two fields will not 
‘ancel each other. It is because at this point, both the fields 
will be in the same direction. Hence, electric field is zero at a 
0int at distance 0-24 m from the charge of — 9 uC as shown 
n Fig. 2.18. 

Problem 2.09. Point charges 4 x 10° C and 2 x 10°C 
ire placed at the vertices A and B of a right angled triangle 
ABC respectively. B is the right angle, AC = 2 x 10-7 m and 
BC = 10-2 m. Find the magnitude and direction of the 
resultant electric intensity at C. (Karnataka, 1990) 

Sol. Fig. 2.20 shows the right angled triangle ABC, such 


gz = 2x10 C 


qx=4x10 C 


Fig. 2.20 
hat AC = 2 x 10 m and BC = 107 m. The charges of 
1, = 4 x 10 and gp = 2 x 10% C are placed at the vertices 
4 and B respectively. Let E, and Ez be electric intensity 
at point C due to charges q, and qg respectively. Then, 


-6 
Be eee er Sys 10h xo 
4n€, AC (2 x 1072) 
=9.x107.N,C>} (along AQ) 
2x107 
Raat a Pe ys ine eee 
4n€, BC (10) 
=18x107NC! (along BC) 


If Ois angle between the directions of E, and Ep, then 


E= JE,” +Ep? + 2Ea Ep cos 0 neg) 


or. 0=60° 
Therefore, from equation (i), wehave ‘i 


E= (9x10/)* +(18x107)* +2x9x107.x18x10’ x0-5 
=9x10" /1+4+2 =238 x 109NC1 
Suppose that the resultant electric intensity E makes an 
angle a with the line AC. Then, 
Eq sin 0 18 x 10” sin 60° 


Ex, +Egcos@ 9x10’ +18x10" xcos 60° 
18 x10” x0-866 


9x10? +18x107 x0-5 

or a= 40-9° 
Type D. On Electric field due to an electric dipole 

Problem 2.10. A dipole of length 0-1 m consists of two 
charges of + 500 uC. What is its electric dipole moment ? 
Calculate the electric field due to the dipole at a point on 
the axis distant 0-2 m from one of the charges in air. 

Sol. Here, q = 500 uC = 500 x 10°C ;2a=0-1m 

Therefore, electric dipole moment of the dipole, 

p =q(2a)=500 x 10° x0-1=50x10°Cm 

The electric field at a point on axial line at a distance r 

from the centre of the electric dipole is given by 
1 2pr 

47 E, (r2 ~ az) 

Here, p = 50 x 10°C m;a=0-1/2=0-05m 

and r=0:2+0-05 =0:25 m 

HS Pos, SACU 02S 
(0-25° —0-05) 
= 6-25 x 107N C1 

Problem 2.11. Two charges of + 0-2 uwC and -0-2 wpC 
are placed 10~® cm apart. Calculate the electric field at an 
axial point at a distance of 10.cm from their mid point. Use 
the standard value of €,. (BSS)C:E. 1997) 

Sol. The two charges of + 0-2 u4uC and — 0:2 uuC placed 
10~¢ cm apart constitute an electric dipole. 

Thus, \q = 0-2 puC=0-2:%:1074C; 

2a=10°cm=10% mandr=10cm=0-1m 

Sincea <<, the electric field on the axial line of an electric 

dipole is given by . 
SLI ead 
4ne, vr? 
Here, p=q (2a) =0-2 x 10°)? x 10% = 0-2 x 107°C m 


1 
Also, =9x10?N m? C2 
47 Ey . 


_ 9x10? x2x0-2x10-? 


(0-1) 
=3-6x10°NC! 

Problem 2.12. Calculate the field due to an electric 
dipole of length 10 cm and consisting of charges of + 100 
uC at a point 20 cm from each charge. 

Sol. Here, q = 100 wC = 100 x 10°C = 104+C 

and 2a=10cm=0-1m 


tan @ = 


= 0-866 


E 


Let P be the point ae a distance of 20 cm from either 
charge as shown in Fig. 2.21. 
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Fig. 2.21 

Then, AP = BP = 20 cm=0-2m 

Let E be electric field at point P due to the electric dipole. 
The point P lies at a distance OP = r on the equitorial line of 
the dipole. Therefore, 


2) 


Problem 2.14. A uniform electric field of strength 

2 x 10° N C lis established between two parallel plates 
of length 0-1 m held horizontally at a distance 0-02 mapart. An 
electron is projected at a speed of 6 x 10° m s“! making an 
angle 45° as shown in Fig. 2.22. The field is directed 
vertically upwards. Will the electron strike the either plate 
? If it strikes the plate, where does it do so? 


E=2x10 NC 


+++ tte ttet +t tt test 
Fig. 2.22 
Sol. The speed of electron can be resolved into the 
following two rectangular components : 
(i) v,=v cos 45° = 6 x 10° x 0-707 
= 4-24 x 10°ms-! (along horizontal) 
As there is no force on electron along horizontal, the 
velocity component v, along horizontal remains unchanged. 
(ii) vy =v sin 45° = 6 x 10° x 0-707 
=4.24x 10°ms? (along vertical) . 
Since due to electric field, the electron experiences force 
in downward direction (opposite to its motion), the velocity 
component v, along vertical goes on decreasing. 
Force on electron, F =, q E. (downwards) 


aug lad 


Bit 3 we F 
Acceleration of electron, 4=— 
m 


Here, q = 1. 6 x 10-19 C:m=9-1 x 107°! kprade die 
and E=2x10°NC1 


For ambiions, brilliant & curious Students 


p=q 
picker (OP? + OA2)1/2 = AP 


or (r2 + a*)1/2 = 0.2m 
Therefore from equerton (i), we have ~ 

_ 9x10" 104 x 0-1 9 

(> ala 

=1125 x 107N C1 
Type E. OnTorque on an electric dipole 

Problem 2.13. An electric dipole, when held at 30° wi 
respect to a uniform electric field of 104 N C-! experienc 
a torque of 9 x 107° N m. Calculate dipole moment of fl 
dipole. (ES Be 9S 
Sol. Here, E=104*NC-!; r=9 x 10°26 N mand 0=3 
Wher electric dipole is placed at an angle @ with t! 
direction of the electric field, torque acting on the dipole, 


x 107 


tT=pEsin@ 
Therefore, electric moment of the dipole, 
ap day et FUT py Fie 1S 
Esin@ 10*xsin30° 104x0-5 


=18x101°C m 


16107? x 2x 10° 
91x10) 
= 3-516 x 10/4 ms? 
For motion along vertical : 
Initial velocity, v, = 4:24 x 10% mz os 
a=-3: 516 x 10!4ms~ and Se 0-02 m’ 
If tis time taken by electron to reach the upper plate, th 


(downwards) , 


y 
i" 
0-02 = 4:24 x 10°x t+ (— 3-516 x 1014) #2 


or 1-758 x 104 #— 4.24 x Hepes 0 
On solving for t, we kve 
t=6-4x 10s 
Since t has a finite real value, the electron will strike t 
upper plate. Suppose that it strikes the upper plate at 
distance x from the left end. Then, 
xX=vU,xt 
= 4:24 x 108 x 6-4% 10-19. = 2-71 x 102 m= 271 « 
Problem 2.15. An infinite number of charges, ea 
equal tog are placed along specie atx = 1 x= 2,x= 
x =8, wu and'so’on.. >” 
| (a) Find electric eels e the point x=0 due to this s 
of charges. » fa 
(b) What will be fhe electric field, if in the above s 
up, the consecutive charges paye Opposite sign ? 
pa! CE AA fee aed (CRE. £995,197 
Sol. he that the. Niece 91 42 93 ay. ATE plac 
at distances 1, rz, 13,4, --..- from the origin. Then, § electric fie 


Lee 
- v, t+—at 
3 2, 


or 


“pepe Sy 


5 
eT ee Fi 
5 jh 


at the bedi dite: to the nets of ch harges, 


: MER EENG 4 Li vii 
Beg a Beal 3.4 es Klgaat 
sail sa * RN 


42 ** 
and r, =1,f) =2, r= 4, r, = 8, aie 
1 q q 4 4 
= +} + 4+ + St nn. 
tet Maan oy ha a 
40 €, cae Was aor cat ng ag 
= 1 ae 
AME, - 
where Sa:= >> : ot at te eae 4 vate 
rs bopiptahen 4 8 


i.e. sum of a geometrical progression, whose first term a = 1 
and the common ratio r = 1/4. Therefore, 


ae ce ht Me 

ani ae Bee Wes Wa te 

ds al we tal 4 q 
Hence, = axes 
418, 1%3 3% eq 


(b) When the consecutive charges have opposite sign, 


1 LO ee AP 
Pi eetalodiah slog Ti reding vy, 


1 1 iG 
Ane, 11-(/4) 528, 

Proplem 2.16. Four points charges, each having 2 
Ga charge q are placed on the four corners A, B, C and D 
of a regular pentagon ABCDE. The distance of each corner 
from the centre is a. Find the electric field at the centre of 
the pentagon. 

Sol. Fig. 2.23 shows a regular pentagon ABCDE with O 
as its centre. Four point charges, each of charge q are placed 
at the corners A, B, C and D of the pentagon. 


Fig. 2.23 
If we put a charge q at the corner E also, then due to 
symmetric arrangement of the charges about the point O, the 
electric field O will be zero. It follows that electric field at point 
O due‘to the charges at four corners A, B, C and D must be 
equal and opposite to the field due to the charge q placed at 
corner E alone. 


a ; cr if aa " eer 
The electric field at point O due to the cha 
corner E, 


pyc a iad 
he om 8 eae (along EO) 
Therefore, aig field due to the four charges placed 
at corners A, B, C and D is 


E aiegl a 7 (along OE) 

Problem 2.17. Ina certain region of space, electric field 

oe is along the Z-direction throughout. The magnitude of 

electric field is, however, not constant but increases 

ipsa along the positive Z-direction at the rate of 10° 

N C1! ml. What are the force and torque ol rte. ed by a 

system having a total dipole moment equal to 10-7 C min 

the negative Z-direction ? (Text Problem) 

Sol. Suppose that a dipole consisting of charges —q at A 

and + q at B is placed along Z-axis, sucii that it has dipole 
moment along negative Z-direction [Fig. 2.24] 


fi 
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Fig. 2.24 
The dipole moment of the dipole along Z-axis, 
p,=-107Cm 


The negative sign has been taken for the reason that 
dipole moment is along negative Z-axis. 
The electric field is applied along the positive direction 


dE 
of Z-axis, such that ee =10°NC!m! (along Z-axis) 


In a non-uniform electric field, the force -on dipole is 
given by 
oE oE OE 


vat ee, 2 Py oy Sih ie 
Here, Pr=Py =0 Also, ae 
F=p, 2 =-107 x 10°=-102N 
oz 


The negative sign shows that force on the dipole is along 
negative Z-axis. 

Since the electric dipole moment is along negative Z-axis 
and the electric field is along positive Z-axis, 9 = 180°. 

Hence, torque on the dipole, T= p E sin 180° = 0 


REQUENTLY ASKED VERY SHORT ANSWER QUESTIONS: 


Q. 2.01. Is electric field intensity a scalar or a vector 
quantity. Give its SI units. (C.B.S.E. 1999 S) 

Ans. oe! field intensity is a vector quantity. Its SI unit 
is N Cor Vm 


With Answers/Hints 


Q. 2.02. The test charge used to measure electric field 
at a point should be vanishingly small. Why ? 

Ans. In case, test charge is not vanishingly small, it will 
produce its own electric field and the measured value of 


‘electric field will be different from the actual value ofelectric Ans 


field at that point. 
Q. 2.03. Define electric field intensity at a point. 
(P,SIS.C7Es,20005C.B.S.E 1991) 

Ans. Refer to section 2.02. 

Q. 2.04. Does an electric charge experience a force due 
to the field, it produces itself ? 

Ans. No, an electric charge does not experience any force 
due to the electric field it produces itself. 

Q. 2.05. N anne the physical quantity, whose SI unit is 
newton coulomb~! (C.B.S.E 1998) 

Ans. It is unit of electric field intensity. 

Q. 2.06. A point charge q is placed at the origin. How 
does the electric field due to the charge vary with distance 
r from the origin ? (Text Question) 

Ans. The electric field varies inversely as the square of 
the distance from the point charge. 

Q. 2.07. Define electric dipole and electric dipole 
moment. (H.S.S.C.E. 1996) 

Ans. For definitions, refer to sections 2.07 and 2.08. 

Q. 2.08. What is the direction of electric dipole moment 
vector of an electric dipole ? 

Ans. From charge — q to + q i.e. same as that of vector 
representing length of the electric dipole. 

Q. 2.09. Give the SI unit of electric dipole moment. 

(CB-S.E: 1992) 

Ans. The unit of electric dipole moment is coulomb 
metre (C m). 

Q. 2.10. Is it correct to write the unit of electric dipole 
moment as mC ? 

Ans. No, it is not correct to write the unit of electric 
dipole moment as mC. The symbol mC represents milli- 
coulomb i.e. unit of electric charge. 

Q. 2.11. What is the direction of electric field at a point 
on axial line of an electric dipole ? 

Ans. Same as that of electric dipole moment vector. 

Q. 2.12. What is the direction of electric field at a 
point on the equitorial line of an electric dipole ? 


Q. 2.01. Determine the magnitude of an electric field 
that will balance the weight of an electron. 
(H.S.S.C.E. 2002, 1995) 
Ans. Let E be the electric field that will balance the 
weight of electron. Then, 
qE=mg 
Here, qg=1:6x 109°C; m=9-1x 10%! kg 
mn erty Di G x107! x 9.8 
q 16x10? 
= 5-574 x 1071! N C1 (vertically downwards) 
Q. 2.02. Two point electric charges of unknown 
magnitude and sign are placed a distance apart. The electric 
field intensity is zero at a point not between the charges but 
on the line joining them. Write two essential conditions for 
this to happen. (C.B?S-E.1997) 
Ans. 1. Both the charges can not be of same sign. 
2. The observation point (where electric field intensity 


E= 


is aad at P 
Q. 2. 13. What do electric lines of force represent ? 
& (P5.5.C.E. 1997 § 
Ans. Electric lines of force represent the direction of th 
electric field. 
Q. 2.14. Draw the lines of force to represent a uniforr 
electric field. (C.BiS.E71995, 1992 
Ans. A uniform electric field is represented by parall 
arrows drawn in the same direction. 
Q. 2.15. Why two electric lines of force cannot intersec 
each other ? (H.PS.S.C.E. 2002 ; P.S.S.C.E. 2002, 2001 
ELSISiE. 2001 sC BSE 1992 
Ans. The tangent at a point on the line of force give 
the direction of electric field at that point. If two lines of forc 
intersect each other at a point, then electric field at that poir 
will have two directions. As the same cannot be ture, two line 
of force can never intersect each other. 
Q. 2.16. Does an electric dipole always experience 
torque, when placed in a uniform electric field ? 
Ans. No. It does not experience a_ torque, when it 
placed along the direction of electric field. 
Q. 2.17. What is the net force on an electric dipol 
placed in a uniform electric field ? 
Ans. An electric dipole does not experience any net forc 
in a uniform electric field. 
Q. 2.18. When is the torque acting on an electric dipol 
maximum, when placed in uniform electric field ? 
Ans. The torque is maximum, when the electric dipol 
is placed perpendicular to the direction of electric field. 
Q. 2.19. What orientation of an electric dipole in 
uniform electric field corresponds to its stable equilibrium 
(C.B.S.E. 200: 
Ans. When the electric dipole aligns itself along th 


direction of electric field ( ? parallel to F ), the torque on th 
dipole becomes zero. Obviously, this orientation of the electri 
dipole (length parallel to the electric field) corresponds to i 
stable equilibrium. 


WER QUESTIONS 
With Answers/Hints 


is zero) has to be closer to the smaller charge than to the bigge 
charge. 
Q. 2.03. An electric dipole is formed by + 6uC and - 
uC charges at 5 mm distance. Calculate the dipole momen 
(H.S.S.C.E. 2003 
Ans. Here, q = + 6uC=+6x 10°C, 
2a=5mm=3x 109m 
Therefore, electron dipole moment, 
p=q(2a)=6x10°%x5x10%=3x108Cm 
Q. 2.04. What is an ideal electric dipole ? 
(C.B.S.E. 1997 


'' Ans. Refer to section 2.08. 
Q. 2.05. What is the ratio of the strength of electric fiel 
at a point on axial line and at a point at same distance o 
equitorial line of an electric dipole of very small length ? 
Ans. Electric fields at distance r on axial line an 
equitorial line due to an electric dipole of very small lengt 
are given by 


joie ae al seek 
4ne, 7° Ane, 7? 


SSE Raat 2p / 1 | ees 
Ie eae =2 
Eequi 4%€, r 4MEq +r 

Q. 2.06. Define intensity of electric field at a point. At 
what points is the electric dipole field intensity parallel to 
the line joining the charges ? (C.B,S:E..1997) 

Or 
_. Two point charges + q and - q are placed at a distance 

d apart. What are points at which the resultant field is 
parallel to the line joining the two charges? (I.I.T. 1978) 

Ans. For definition of intensity of electric field, refer to 
section 2.02. 

Electric field intensity due to an electric dipole is parallel 
to the line joining the charges at points 

(i) on axial line of the dipole and 

(ii) on the plane, which is right bisector of the dipole. 

Q. 2.07. A system has two charges g, = 2:5 x 10-’ Cand 
pz = — 2:5 x 10-7 C located at the points A (0, 0, -15 cm) and 
B (0, 0, +15 cm). What is the total charge and electric dipole 
moment ? (Text Question) 

Ans. The charges g, and qp are located at points 


and E 


axial equi a 


A (0, 0, -15 cm) and B (0, 0,+15 cm). The points A and B 
lie on Z-axis as shown in Fig. 2.25. 
Z 


gu =-2°5x10 C 
(0,0,+15 cm) 


(0,0,-15 cm). 
4x=25x10 C 


Fig. 2.25 

It follows that 

AB = OA + OB= 15 + 15=30 cm =0:3.m 

Total charge, q = 4, + 9p 

=2:5x 107 + (25x 107) =0 

Electric dipole moment, p = either charge x AB 

= 2:5 x 10-7 x.0:3 = 7-5 x 108 Cm 

The electric dipole moment is directed from B toA along 
Z-axis. 

Q. 2.08. What is meant by the statement that the electric 
field of a point charge has spherical symmetry, whereas that 
of an electric dipole is cylindrically symmetrical ? 

CTS :S.@-E.1996) 

Ans. The electric field due to a point charge q at a 
distance r from it is given by 

el | 
Ame, 1° 

Allsuch points, where electric field is equal to E (as given 
above) lie on the surface of a sphere of radius r, with charge 
g at its centre. For this reason, the electric field due to a point 
charge is said to be spherically symmetric. 


tila ti 


Q. 2.01. In defining electric field due to a point charge, 
the test charge has to be vanishingly small. How this 


The electric field ata distancer on the equitorial line of an 

electric dipole of dipole momentp and length 2 is given by 
1 P 
Am é, f (r2 + a2)3/2 

All such points lie on the surface of a cylinder of radius 
r drawn with electric dipole as its axis. For this reason, the 
electric field due to an electric dipole is said to be cylindrically 
symmetric. 

Q. 2.09. What is electric line of force ? What is its 
importance ? (ES. C be logo 3) 

Ans. An electric line of force is the path along which a 
unit positive charge will move inside the electric field, if it is 
free to do so. 

The importance of electric line of force is that the tangent 
at any point to it gives the direction of electric field at that 
point. Further, the relative closeness of the electric lines of 
force in different regions of an electric field provides an 
estimate of the strength of the electric field in those regions. 

Q. 2.10. Give two properties of electric lines of force. 
Sketch them for an isolated positive charge. 

(C.B.S.E. 1992) 

Ans. For properties of electric lines of force, refer to 
section 2.08 and for sketch of electric lines of force for an 
isolated positive charge, refer to Fig. 2.09 (a). 

Q. 2.11. Sketch the electric lines of force due to point 
charges (i) q > 0 and (ii) q < 0. (C.B.S.E. 1995) 

Ans. (i) For a charge q > 0 i.e. for a positive charge, the 
electric lines of force are as shown in Fig. 2.09 (a). 

(ii) For a charge q < 0i.e. for a negative charge, the electric 
lines of force are is as shown in Fig. 2.09 (b). 

It may be noted that in case of a negative charge, the lines 
of force terminate at the charge ; while in case of a positive 
charge, the lines of force originate from it. 

Q. 2.12. Electric field intensity within a conductor is 
always zero. Why ? 

Ans. The electric lines of force cannot pass through a 
conductor. As a result, there can be no electric field inside a 
conductor. Hence, electric field intensity inside a conductor 
is Zero. 

Q. 2.13. Are the field lines a reality ? 

Ans. The electric field lines are purely geometrical 
constructions, which are used to represent electric field 
graphically. In other words, the electric field lines themselves 
are imaginary, but the electric field they represent is real. 

Q. 2.14. An electric dipole with electric dipole moment 
4x 10-? C misaligned at 30° with the direction of a uniform 
electric field of magnitude 5 x 104 N C“!. Calculate the 
magnitude of the torque acting on the dipole. 

(Text Question) 

Ans. Here, p = 4 x 10°? Cm; E=5x 10*'NC1!; 6= 30° 

Now, magnitude of torque acting on the dipole, 

t=pEsin @=4 x 10-9 x 5 x 104 sin 30° 


1 
=2x 10% x5 =104Nm 


) TECHIE STUFF = CONCEPTUAL SHORT ANSWER QUESTIONS 


For ambitious, brilliant & curious Students 


condition can be justified, when we know that charge less 
than that on an electron ora proton is not possible? 
(Text Question) 


Ans. In the macroscopic situation, the source charges are 
always very large as compared to charge on an electron or a 
proton. Therefore, for a testcharge having charge equal to that 
of an electron or a proton, the condition that the test-charge 
Jo — 0 is justified for source charges of macroscopic sizes. 

we 2.02. A ball of charge g is placed in a hollow 

conductive uncharged sphere. After this, the sphere is 
connected with earth for a short time and the ball is then 
removed from the sphere. The ball has not been brought 
into contact with the sphere. 

(a) What charge will the sphere have after these ope- 
rations ? Where and how will this charge be distributed ? 
(b) What will be the nature of the field and how will it be 
located ? 

Ans. (a) The charge g will be distributed on the external 
surface of the sphere. 

(b) The intensity of the electric field inside the sphere will 
be zero. An electric field similar to the field of the point charge 
q situated at the centre of the sphere will be set up outside the 


sphere. , 
o Q. 2.03. Fig. 2.26 shows tracks of three charged 
particles crossing a uniform electrostatic field with 
same velocities along horizontal. Give the signs of the 
three charges. Which particle has the highest charge to 
mass ratio ? (C.B.S.E. 2001 S ; Text Question) 
Ans. Charges 1 and 2 are deflected towards the positive 
plate, hence they are negatively charged particles. On the 
other hand, charge 3 is positively charged particle, as it gets 
deflected towards negative plate [Fig. 2.26]. _— 


t+t++++ +++ 1 
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3 

Since all the three charged particles are crossing the 
electric field with same velocities, they remain under the action 
of electric field E (say) for the same time t. The, deflection 
produced in the path of a charged particle along the vertical, 


1 
ut+—at? 
eR 2 


Now, the initial velocity of the changed particle along 
vertical is zero. If e is charge on a ‘particle and m is its mass, 
then acceleration produced in its ig ad 


éE 
bette ) j 
Ly Ly 
Oxi = St 
y= arto 


ist 
As E and ¢ are same for all the harmed particles, it 
follows that 


e 
phot!) 
m 


Since the charged particle 3 suffers maximium deflection.’ 


along vertical, its charge to mass ratio is highest. 
Q. 2.04. A small metal ball of mass m is suspended 
from a thread of length / between the plates of a large 
plane capacitor. How will the period of oscillations of such 
a pendulum change, if a charge + q is placed on the ball and 
the upper plate is (a) positively charged (b) negatively 
charged ? 


Ans. (a) Fig. 2.27 shows the forces on the metal ball, whe 
the upper plate of the capacitor is positively charged. If E 
strength of the electric field between the plates, then apparer 
weight of the ball 
mg’=mg+qgE 
ttt ett tt tt 


oS 


or Sine ee 


The period of oscillation rt the ball is ae by 


i=ta [onan a OTT ETH 


Since (g + q E/m) > g, the time period of the ball wi 
decrease. 

(b) When the upper plate of the capacitor is mad 
negative, then 


mg'=mg-qE 
Obviously, the period of oscillation of the ball will be 


¥8-4qE/m 


Since (g-q E/m) < g, the time period of the ball wi 
increase. 
wS Q. 2.05. A metal ball suspended from a long threa 

is placed between the plates of a capacitor as show 
in Fig. 2.28 (a). How will the oscillations of this pendulut 
change [Fig. 2.28 (b)], if the ball and the plates of th 
capacitor are charged ? 

Ans. Suppose that the ball is given charge + q and th 
plate A of the capacitor is made positive, while the plate B: 
made negative [Fig. 2.28 (b]. The ball will experience a for 
qg E (along horizontal) and force mg (along vertical). 


Oo 


mg 
Fig. 2.28 (a) 
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Fig. 2.28(b) 
The equilibrium position of the ball will change from ‘ 
. to. Q. If @is the angle, the string makes with vertical, then 


E 
tan 9 = 4— 


mg 
The apparent weight of the ball is given by 


= (mg)? +(q E)* 
or g= 97 +(qE/m) 


The period of the oscillation of the ball is given by 


t=2e [adn UPPER ah 
& ¢> +(qE/m)* 


Since \g- +(q E/m)* > g , the time period of the ball 


will decrease. 

Q. 2.06. A charged particle is free to move in an 
ee electric field. Will it always move along an electric 
line of force ? (LLT. 1979) 

Ans. The charged particle may or may not move along 
an electric line of force. If the charged particle was initially 
at rest, it will move along an electric line of force. In case the 
charged particle had some initial velocity making certain 
angle with a line of force, then its resultant path will not be 
along the line of force. 

Q. 2.07. A small test charge is released at rest at a point 

in an electrostatic field configuration. Will it travel 


1. Explain the concept of electric field. (PoC EALI9O) 
2. Establish the relation between electric field strength and 
force. (HS.S:C.E, '1994, 7 P.S.S.C.E. 1990) 
3. Derive an expression for electric field intensity at a point 
ét cistance r from a point electric charge. 
(ES.S5GER1999, 1995 C:B:S.E.21993) 
4. Derive an expression for the electric field intensity at any 
point on the axis of a uniformly charged ring. 
(P.S.S.C.E. 2002) 
5. Whatis an electric dipole ? Define electric dipole moment 
and give its units. (H.S.S.C.E. 2002) 
6. Define the term electric dipole moment. Give its units. 
Derive an expression for the maximum torque acting on 
an electric dipole, when held in a uniform electric field. 
(C.B.S.E. 2002) 
7. Derive an expression for the electric field intensity at any 
point along the axial line of an electric dipole. 
(Hp oys.C bh, 2002 » PS.5:C.B. 1999 S-;'C.B.S.E: 1995) 
8. Whatis an electric dipole ? Calculate electric field intensity 
at a point on the axial line of a dipole. (H.S.S.C.E. 2002) 
9. Define electric dipole moment. Calculate electric field 
intesnity at a point on the equitorial line of a dipole. 
(H.S.S,C.E,. 2002) 
10. Derive a relation for the intensity of electric field at an 
equitorial point of an electric dipole. 
7.83.5.C.E. 2000(PS.S.C.E. 1999.8, 1997 5 ; 
H.S.S.G.E. 1999 S) 
11. Find the electric field at a point on the right bisector line 
of the electric dipole. (H.S.S.C.E. 1998 S) 
12. Find an expression for electric intensity due to a short 
electric dipole at any point situated along a line inclined 
at an angle 6 to the dipole axis. (H.S.S.C.E. 2002) 


13. Find out electric field intensity at any far point due to an 
electric dipole. 


(H.S.S.C.E. 2001) 


1. Obtain expressions for electric field due to (i) a point 
charge and (ii) a continuous distribution of charges along 
a line. 

2. Obtain expression for electric field due to a continuous 
distribution of charge over (i) a surface and (ii) a volume. 


along the line of force passing through 


Ans. The:small test charge will travel along the line of 
force only, if the line of force is a straight line. In case the line 
of force is curved, it will not move along the line of force. The 
reason is that line of force does not give the direction of 
velocity. It gives the direction, in which charge is accelerated. 

Q. 2.08. An electrostatic line of force is a continuous 
curve i.e. a line of force cannot have sudden breaks. 
Why not? (Text Question) 

Ans. The tangent at a point on the electric line of force 
tells the direction of electric field at that point. Generally, the 
direction of electric field changes from point to point. 
Therefore, the lines of force are, generally, curved lines. 
Further, they are continuous curves and cannot have sudden 
breaks. For if it is so, it will indicate the absence of electric field 
at the break points. 


FREQUENTLY ASKED SHORT ANSWER QUESTIONS... 


Carrying 3 Marks 


«14. Explain the properties of electric lines of force. 
(H.S.S.C.E. 1999 S) 
15. What is meant by electric lines of force ? Give their 
important properties. CyS55;C.E.aL 992) 
16.. What do electric lines of force represent ? Explain repulsion 
between two like charges on their basis. 
(PSts,G.E. 19977) 
17/- Derive an expression for the torque experienced by an 
electric dipole placed in a uniform electric field. 
PSs. 2002, t19.0.C.E. 2001, 1998'S) 
18. Draw a labelled diagram showing an electric dipole 
making an angle @ with a uniform electric field E. Derive 
an expression for the torque experienced by the dipole. 
(fiS'C.EP1995) 
> 
19. An electric dipole is placed in uniform field E. Prove that 
torque t acting on the dipole is given by 
o> > Pp 
T=pPXE, 
where p is dipole strength of the dipole. (P.S.S.C.E. 1995) 
20. Derive an expression for the torque experienced by an 
electric dipole placed in a uniform electric field. What is 
the net force acting on this electric dipole ? 
(P.S.S.C.E. 2001) 
21. . Find an expression for the torque experienced by an electric 
dipole placed in a uniform electric field. Hence, define 
electric dipole moment. (H.S.S.C.E, 2002) 
22. Derive an expression for the torque acting on an electric 
dipole suspended freely in a uniform electric field. How 
will you determine the direction of torque ? 
(P.S.S.C.E. 2000) 
23. An electric dipole free to move is placed in an uniform 
electric field. Explain with a diagram, its motion, when it 
is placed (a) parallel to the field (b) perpendicular to the 
field. (C.B.S.E. Sample Q. Paper) 


}) | FREQUENTLY ASKED LONG: ANSWER QUESTIONS... 


Carrying 5 Marks 


"3. What is an electric dipole ? Obtain an expression for the 
electric field due to an electric dipole at a point on the line 

r passing through the centre of the dipole and perpendicular 
” to the dipole axis. (LS.C.E. 1994) 


Define electric field intensity and derive an expression for 
it at a point on the neutral axis of a dipole. Also determine 
its direction. (P.S.S.C.E. 2000) 
Define electric intensity at a point and find its value at a 
point due to an electric dipole, when the point is on the 
equitorial line. (EGSiS. GE, 1992) 
Prove that for a short dipole, the intensity at a point on the 
axial line is twice that on the equitorial line. 

Define electric field at a point. Two point charges q and — 
q are placed at a distance 2 a apart. Calculate the electric 
field at a point P situated at a distance r along the 
perpendicular bisector of the line joining the charges. What 
is the field, when r>> a? (C.B.S.E. 1990) 


a Ee? sy i 3 
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Type A. On Force experienced by a charge in an 


electric field 


In the electric field shown in Fig. 2.29, the electric field lines 
on the left have twice the separation as that between those 
on the right. If the magnitude of the field at point A is 
40 N C-!, calculate the force experienced by a proton 
placed at point A. Also find the magnitude of electric field 
at point B. [Ans. 6-4 x 10°18 N, 20N C1] 


Fig. 2.29 

Calculate the magnitude and direction of the electric field, 
which keeps a proton just floating. Given that mass of 
proton 1-67 x 10-2” kg, charge on proton = 1-6 x 10-1? Cand 

g=98ms~. 
[Ans. 1-023 x 10-7 N C-! (vertically upward)] 
Calculate the magnitude of electric field, which can just 
balance a deutron of mass 3:2 x 10°” kg. Take g = 10 ms. 
(PS.S.C.E. 1999) [Ans. 2:0 x 10-7 N C1] 
Anelectron above the earth is balanced by the gravitational 
force and the electric field of the earth. Find the electric field 
of the earth. [Ans. 5:57 x 104 N C1] 
How many electrons should be removed from a coin of 
mass 1-6 g, so that it may float in an electric field of 
intensity 10° N C"! directed upward. (PS.S.C.E. 1998 S) 
[Ans. 9-8 x107] 
An electron is released with a velocity of 5 x 10°ms-! in 
an electric field of 10° N C-! which has been applied so as 
to oppose its motion. What distance would the electron 
travel and how much time could it take before it is brought 
to rest ? [Ans. 7-11 x 10-? m, 2.844 x 10 s] 
An electron falls through a distance of 1:5 cm ina uniform 
electric field of magnitude 2-0 x 104 N C-! N [Fig. 2.30 (a)]. 
The direction of the field is reversed keeping its magnitude 
unchanged and a proton falls through the same distance 
[Fig. 2.30 (b)]. Compute the time of fall in each case. Given 


- aye" roi + Efren cp icreerarenst 
a SE RIA EE PS = Sr ae 
Fig. 2.30(a) Fig. 2.30(b) 


10. 


A circular loop of charge is placed in YZ-plane with it 
centre at origin. Find expression for electric field at a poir 
on X-axis. 

A charge is distributed uniformly over a ring of radius « 


Obtain an expression for the electric intensity E at a poir 
on the axis of the ring. Hence, show that for points at larg 
distances, the ring behaves as a point charge. 

(C.B.S.E. Sample Q. Paper 
Show that in a uniform electric field, a dipole experience 
only a torque but no net force. Derive expression for th 
torque. (C.B.S.E:1999:S, 1992 


FREQUENTLY ASKED NUMERICAL PROBLEMS 


For Practice 


that mass of electron = 9-1 x 10-3! kg and mass of proto 
= 1-67 x 10°? kg. (Text Problem 
[Ans. (a) 292 x 10 s (b) 1.566 x 107 
A charged particle of mass 1 g is suspended through 
silk thread of length 40 cm in a horizonal electric fiel 
of 4-0 x 104 N C1. If the particle stays at a distance « 
24 cm from the wall in equilibrium, find the charge o 
the particle. [Ans. 1:838 x 10-7 C 


Type B.On Electric field due to a group of point 


10. 


11. 


12. 


charges 


Two point charges of + 20 wC and + 80 wC are place 
18 cm apart. Find the position of the point, where electri 
field is zero. 
[Ans. at a distance 0-06 m from 20 pC charg 
(between the two changes) or at a distance 0-18 1 
from 20 pC charge (on the other side of it 
or at 18 cm away from 20 “C on the other side of 80 uC 
Three charges, each equal to g, are placed at the thre 
corners of a square of side a. Find the electric field at th 


fourth corner of the square. 
1 94402 q 


“Am€ 2a" 


Fig. 2.31 shows four point charges at the corners of a squat 
of side 2 cm. Find the magnitude and direction of th 
electric field at the centre O of the square, if Q = 0-02 uC 


Use =9x102NmC. 


AT & 


Fig. 2.31 


[Ans. 9 /2 x 10° N C1, (parallel to side BA 
Four charges + q, +.4,-9,-4 are placed respectively at th 
four corners of a square of side a. Find the magnitude an 
direction of the electric field at the centre of the square. 


CEO ce ee LOCO 
Z 
: used 4 , parallel to the side having charge 
a 


[Ans. es e, 


+ q and — q at its two ends 


14. 


2 us : z ay 
13. ABC is an equilateral triangle of s 


+ 60 statC and — 30 statC are placed at points A and B 
respectively. Calculate completely the electric field at point 
C. Given, 1 C = 3 x 10? statC. [Ans. 6:24 x 104 N C-} 
making 90° with CB and 30° with AC (when produced)] 
ABC is a right-angled triangle, the right angle being at 
point B. Charges of -10-24, 11-52, + 3:24 uC are placed 
at points A, B and C respectively. If AB = 4 cm and 
BC = 3 cm, calculate the magnitude and direction of the 
resultant electric field at the foot D of the perpendicular 
drawn from point B on the side AC. 


[Ans. 180/2 N C1, inclined equally with both DA 
and BD (when produced)] 


‘ype C. On Electric field due to an electric dipole 


15. 


16. 


17. 


18. 


19. 


Two point charges of 2 uC but opposite in sign are placed 

10 cm apart. Calculate the electric field at a point distant 

10 cm from the mid point on the axial line of the dipole. 
(PS.S.C.E. 2002) [Ans. 6-4 x 10° N C1] 


Two charges each of 0-1 uC but opposite in sign are 1 mm 
apart. What is the electric field ata point on the line 
joining them at a distance of 10 cm from the mid-point ? 
[Ans. 1800 N C71] 
Two charges of + 25 x 10-9? coulomb and — 25 x 10-? 
coulomb are placed 6 m apart. Find the electric field at a 
point 4 m from the centre of the electric dipole (i) on axial 
line (ii) on equitorial line. 
[Ans. (i) 220-4 N C7! (ii) 10-8 N C1] 
Two charges + 10 nC are placed 5-0 mm apart. Determine 
the electric field at (a) a point on the axis of the dipole 15 
cm away from its centre O on the side of the positive 
charge, (b) a point 15 cm away from point O on a line 
passing through O and normal to the axis of the dipole. 
[Ans. (a) 2-67 x 10° N CI; (b) 1.33 x 10° N C!] 
The electric field at a point on the axial line at a distance 
of 10 cm from the centre of an electric dipole is 3-75 x 10° 
N C1 in air, while at a distance of 20 cm, the electric field 


is 3 x 104 N C-!. Calculate the length of the electric dipole. 
[Ans. 0-1 m] 


fype D. On Torque on an electric dipole 


20. 


21. 


An electric dipole of dipole moment 4 x 10-° C mis placed 
in a uniform electric field of 10> N C-! making an angle 
of 30° from direction of field. Determine the torque exerted 
by the electric field on the dipole. (H.S.S.C.E. 2002) 

[Ans. 2 x 10° N m] 
Adipole consisting of an electron and a proton separated 
by a distance 4 x 10! m is situated in an electric field of 


5 fon Charges i 


22% 


23. 


24. 


25. 


26. 
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__ SOLUTIONS/HINTS TO NUMERICA 


ity 3 x 10° N at an angle of 30° with the field. 
Calculate the dipole moment and the torque acting on it. 
(Charge on an electron = 1-602 x 10-!? coulomb). 
(Pre-degree Kerala, 1994] 
[Ans. 6-41 x 10-7? C m, 9-615 x 10-74 N m] 
An electric dipole, when held at 30° with respect to an 
uniform electric field of 3 x 104 N C-! experiences a torque 
of 27 x 1076 N m. Calculate the dipole moment of the 
dipole. (C.B.S.E. 1996) [Ans. 1-8 x 10-2? C m] 
An electric dipole is placed at angle of 60° with an electric 
field of strength 4 x 10 N C-!. It experiences a torque 


equal to 8,/3 N m. Calculate the charge on ne dipole, if 


dipole is of length 4 cm. Ans. 10° C] 


MISCELLANEOUS PROBLEMS 


A copper ball of density 8-6 g cm™, 1 cm in diameter is 
immersed in oil of density 0-8 g cm™. If the ball remains 
suspended in oil in a uniform electric field of intensity 
36000 N C-! acting in upward direction, what is the charge 
on the ball ? [Ans. 1-11 x 10 C] 
A charge of 4 x 10-° C is distributed uniformly over the 
circumference of a conducting ring of radius 0:3 m. 
Calculate the field intensity at a point on the axis of the ring 
at 0-4 m from its centre. Also, calculate the electric field at 
the centre of the ring. (Roorkee 1990) 
[Ans. 115-2 N C-!, zero] 
A dipole consists of two charges +10 wC and -10 uC 
separated by a certain distance. Let they be located at x = 
6:0 cm, y=0 andx =-—6-0 cm,y=0 respectively. Calculate 
the field strength at a point x = 0, y = 8 cm. 
[Ans. 1:08 x 107 N C~!, parallel to the line joining 
the two charges] 
An inclined plane making an angle of 30° with the 
horizontal is placed in a uniform horizontal electric field 
of 100 V m7! as shown in Fig. 2.32. A particle of mass 1 kg 
and charge 0-01 C is allowed to slide down from rest from 
a height of 1 m, If the coefficient of friction is 0:2, find the 
time it will take the particle to reach the bottom. 
(Roorkee, 1987) [Ans. 1-337 s] 


q=0'01C 


E=100Vm | 


Fig. 2.32 


Force on proton at point A, 

F=qE, = 1-6 x 107)? x 40 = 6-4 x 10°18 N 
Since separation between electric field lines at point B is 
twice as that point A, electric field at point B, 


Bp = 40x >= 20NCA 


Proceed as in solved problem no. 2.01. 
The direction of electric field is vertically upwards and 


charge on deutron, q =e = 1-6 x 10-9 C 


Now, proceed as in solved problem no. 2.01. 


Proceed as in solved problem no. 2.01. 
Let n be the number of electrons removed from the coin. 
Then, charge on coin, g =+ne 


Now, gE=mg_ or a 
or pa 8 3 LEKI: B 9 307 


Since electric field is applied so as to oppose the motion 
of electron, 


eE ; 
a=— oar (retardation) 


-19 &) 
gee EO ake ss x 10"! ms 


Now, u=5x10°ms!,v=0 


Using the relation : v2 —u2=2a S, we get 


S=7-11 x 107 m 
Using the relation : v = u +a t, we get 
t = 2-844 x 10% s 
Refer to Fig. 2.30 (a) : 
eE_ 1:6X107'’x2-0x 104 
9-1x10-*! 
= 3-516 x 10° ms* 
Now, u=Oand$=15cm=1:5x10?m 


Here, a= 


1 
Using the relation :S = ut + ri t?, we get 


t=2-92 x 10s 
Refer to Fig. 2.30 (0) : 
eE_ 1:6x10'?x2-0x 104 
fe TRIO 
= 1-916 x 102 ms? 


Here, a= 


1 
Using the relation: S=ut + 5 a t2,we get 


t = 1-566 x 10°’ s 
Let g be charge on the particle. The charged particle 
experiences a force q E along horizontal, which takes it 
away from the wall as shown in Fig. 2.33. 


b---------> 


Fig. 2.33 
Since the charged particle is in equilibrium, 
gE _mg 
or = 
AN SN ESN 
Here, m=1g=10%kg,E=40x10*NC1, 
g=98ms~, AN =24cm=0-24m 


and SN= 407 — 242 =32cm=0:32m 


_ 10°? x 9-8 x 0-24 

4-0 10* x0-32 

Proceed as in solved problem no. 2.06. 
Here, AB = BC =CD=AD=a 


= 1-838 x 10-7 C 


mq 
Naw; Ey He 4 4x Eo a 
U q 1 9 
and = : = ‘ 
i An€y (J2 a)? 4x€) 2a’ 
Net electric field along DX, 
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E,= E fe 
be cot eran 4m&) aX 47€ ae 5 


on an ahhh see PS 
Anm€& a2 2/2 
Similarly, net electric field along DY, 


: ai qe, ret 
ED .= B, + Ee sin 45°-= eg + —— 
2 A B 4m & 4 [ A 


Hence, resultant electric field at point D 
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Fig. 2.35 
42? +2? 
. AO=BO=CO=DO= “a = v2am 
=J/2x1072m 
1 1 
Now, Ea ar igs OX 104 (along O. 


Bip sce sion OR alee 


: 2b auk 2% 104 (along 0 


Ane) (OC? 42& 2 
1 Q Len heer 
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Net electric field along OA, 


Best | 
: 4m€& 2 
Also, net electric field along OD, 
tT, 49 4 
= = —— :— x10 
E,= EB Ep = eT ee 
Hence, vamiiaak electric field at point O, 


fe 1 Q 4 
E=,E,?2+Ey? ==——: = 10 
. . 47 Eo J2 


(parallel to side | 


E, = E,-Ec= x 104 


‘Now, Q = 0-02 pC = 0-02 x 106 
o? 0:02 10" x 10% 

2 
=9,/2 x 10° NC (parallel to side BA) 


E=9x1 


hese 


14. 
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Fig. 2.36 
= 60 statC = OOD Sy 10°C 
ee 3x10" 
9p = - 30 statC =- 10°C 
1 
Now, E, = fee 5 =72x10!NC1 
(along AC, when produced) 
Dipset tert? sot ag HIN Geb clalometCB) 
an B= ants BC? = -6 x (along 


Electric fields E, and Ep are inclined at angle 180° — 60° i.e. 
202: 
Therefore, resultant electric field at point C, 


E = E42 +E? +2E, Eg cos 120° = 6-24 x 10!N C1 

If resultant electric field makes an angle § with CB, then 
Ea sin 120° 

Ep + Ea cos 120° 
The charges q, =— 10-24 x 107!* C, gp = 11-52 x 10°17 C 

and qc = 3-24 x 10-1? C are placed at corners A, B and C of 


right angled A ABC as shown in Fig. 2.37. The point D is 
foot of the perpendicular drawn from point B on the side 


tan B= =e or $=90° 


A 4cm B 


Fig. 2.37 
Since AB = 4 cm and BC = 3 cm, it can be obtained that 
AC =5cm, CD = 1-8 cm, 
AD =3:2cmand BD =2-4 cm 


LBS I Sen = 90 NC! (along DA) 


(along BD, when produced) 


1. 4. ~ 99 NC (along DA) 
4n £0 CD 
The resultant electric field at point D, 


E=(E,+Ec)?+E,? = 180V2NC 


Since (E, + E,) and Ep are equal, the resultant electric field 
will be inclined equally with DA and BD (when produced). 


and Ec = 


18. 


19. 


20. 
2. 


P&S 
23. 


24. 


25. 


26. 


Proceed as in solved problem no. 2.10. 

Proceed as in solved problem no. 2.11. 

Here, q=25x10°C,2a =6m,r=4m 
p=q(2a)=25* 10° x6=15x107Cm 


1 2pr ie 
Now, E vial = 4n@ (owe = 220-4N C 1 
Stay Ce een Ee = 10-8N C1 


equi 4n Eq (r2 ae qa*)>/2 
Here, q = 10 pC = 10°C, 2a=5:0 mm=5 x 103 m, 
r=L5icoy= 0-15im: 
p=q(2a)=10°x5x 103=5x108Cm 
For an electric dipole of short length (2 4 << r), 
Whee 2 pe @X 102% 5X 10° 


E x: — — 
‘axial An Eq re (0-15)? 
=2467x10NC1 
1 9x10’?x5x10-° 
and Ey = —-f = = fen er 
eV. A 7 eae (0-15) 
=133 x 10°N C1 
E 1 2pr 


‘axial — Ane j Gow 

In first case : 

When r = 10 cm = 0-1 m, Ey.) = 3-75 x 10° NC! 
2pxo0-1 


(0-1)? — a2]2 


‘axia 


3-75 x 10° = 9 x 10? x AG) 
In second case : 
When r = 20 cm = 0-2 m, E,,,,)=3 x 10*N C1 
_ 2px0-2 
9 x 107 x 7 (ii) 
{(0-2)° =a? 
Solving equations (i) and (ii), we obtain 
a=0:m 
Therefore, length of dipole, 2 a = 0-5 x 2=0-1m 
t=pEsin@ =4 x 10 x 10 sin 30° = 2x 108 Nm 
p =q (2a) = 1-602 x 10-9 x 4 x 10-1 = 6-41 x 10°29 Cm 
and rt = p Esin 0 = 6-41 x 10-2? x 3 x 10° x sin 30° 
= 9-615 x 1074Nm 
Proceed as in solved problem no. 2.13. 
To find p, proceed as in solved problem no. 2.13. 


Then, q =. 


3x104= 


Apparent weight of the ball = m g — upthrust 
=in r (p-a) g= 52 x (0-5)° x (8-6 — 0-8) x 980 


= 4002-4 dyne = 4-0024 x 10-*N 
Let q be charge on the ball. As the ball remains suspended, 
q E= apparent weight of the ball 


: =. 
t 4-0024x1 
hi ais apparent weigh _ 4:00 0 CY pe ree 
E 36000 
Os te a 
Ow, = Am &y (x2 + @2)9/2 


Here,a=0-3m,x=0-4m and gea4x107C 
9 -9 
E= 9x10 oe fae EON 
[(0- 4)“ + (0-3)*] 
Electric field at the centre of the ring is zero. 
Here, q = 10 wC = 10°C, 2a =6 -(-6) = 12 cm=0-12 m, 
r=8cm=0-08m 


CHET Aire 24 geypl2 in downward direction, 
24 cap ce. pe F=mg sin 30° — 4 R- gq Ecos 30° 
— 9X10" X1-2x10 = 108 x 107N C1 Now, R= mg cos 30° + qE sin 30 d 
[(0-08)2 +(0-06)2]}°/2 vi F=mg (sin 30° —p cos 30°) —g E (cos 30° + p sin 31 
= 1x 9-8 (0-5 — 0-2 x 0-866) 
— 0-01 x 100 (0-866 + 0-2 x 0 


Now, 


27. The various forces act on the charged particle as shown in 


Fig. 2.38. = 2.237 N 
Acceleration of the particle along the inclined plane, 
a= Ee 2:237 _ 2-237 ms 2 
m 1 
Let OA = S. Then, si zor = 22 
e = S. Then, sin 30° = G4 
A 
or S=OA= eas he =2m 


sin 30° 
Initial velocity of charged particle, u = 0 


Using the relation: S=ut+ > a t2, we have 
t=1-337 s 


Fig. 2.38 


ge3.01. CONSERVATIVE NATURE OF ELECTROSTATIC FORCE 

A force is said to be conservative, if work done by the force between two points is 
ndependent of the path followed between the two points. Further, work done by a 
onservative force along a closed path is always zero. 

All the forces, which obey inverse square law are conservative in nature. 
Therefore, gravitational and electrostatic forces are conservative forces. Hence, work 
lone by electrostatic force between two points is same for all the paths between the 
wo points. Also, the work done by electrostatic ferce along a closed path is zero. 
ges .02. INDEPENDENCE OF LINE INTEGRAL OF ELECTRIC FIELD ON 

THE NATURE OF PATH BETWEENTWO POINTS 

The electric field possesses one basic property that the line integral of electric field 
etween two points is independent of the path followed between the two points. 

This property of electric field leads to the concept of electric potential, an 
lectrical parameter of great importance. As we shall learn, electric field can also 
’e represented in terms of electric potential. Before doing so, let us first prove that 
ine integeral of electric field between two points is independent of the path followed 
yetween the two points. 

Consider a point charge + q located at the origin O of the co-ordinate frame 
IXYZ as shown in Fig. 3.01. The electric field due to the point charge will be directed 
long the dotted arrows i.e. radially outwards from the point charge + q. Suppose 
hat AB is any path (straight or curved) between two points A and B in the electric 
ield of the point charge + q, such that OA =r, and OB = rg. Further, suppose that 


a 
? is any point on the path AB and E is electric field due to the point charge + q at 
his point. Suppose that distance of point P from the point charge + q is OP =r. Let 
> 35 


PQ = dl be infinitesimally small displacement along the path AB. Since electric 
ield E gives measure of force on a unit positive charge placed at point P, 


32 3S > 
E .dl =work done by the electric field E in moving a unit positive 
charge from point P to Oz.e. through PO (= dl) 


B 

= = : =e 

Hence, J E. dl = work done by the electric field E in moving a unit positive 
A 


charge from the point A to B 


B > 
Here, J E ; dl is called the line integral of the electric field E between points Aand B. 
A 


pein 
Let us now find the value of integral J E .dl. 
A 


The electric field at point P due to point charge + q located at the point O is 
riven by 


A = 
where r is unit vector along the line OP. If@ is angle between the directions of E and 
> - 

i], then 
53 


_ Electric Potential — 


Key point v 


The electrostatic and gravitational forces 
are conservative in nature. 


Pe eUhes eet eon 


i 1 qa 1 | g 
Faia = Be at! (= — dl 6 
ATE, me Ane, r* SD ee 
as ‘ q 
= E .dl= es . a dl cos @ ...(3.01) 
From point Q, drop ON perpendicular to OP. Then, from right angled A PNQ, 
we have 


PN = PQ cos 0 = dl cos 8 


ed 
Further, as PN (the projection of dl along the line OP) is in the direction of 
increasing r, the distance PN is taken as + dr. Therefore, 


dl cos 0 = dr 
Setting di cos 6 = dr in equation (3.01), we have 
E.dl=— aa dr 
ATC Eo ar 
B.. x B 1 1 B 
Hence, [E.dl=(———-4 dr=-——-g [ar (3.02) 
¥ “f 4N€ r 47 &, 4 


The values of r corresponding to points A and B are r, and rg respectively. 
Therefore, in equation (3.02), corresponding to the limits from A to B, the proper 
limits of integration are from r, to rg. Likewise, equation (3.02) becomes 


B rR _1 |B 
fata afr areal Sel loa] 
A Aa ee 4m | 1}, 478 | ™ \ TA)! “Tine integral of electric field between tw 
B points is independent of the path followec 
97 FD 2 : rin Ar tog 
or | fi or oe ...(3.03) between the points. 
A 41 Eo Tr B , 


The equation (3.03) gives the value of line integral of the electric field between 
two points A and B along the path AB shown in Fig. 3.01. It follows that the 
expression depends only on the distances of the end points A and B (.e. r, and rg) 
«nd not upon the path AB. 

Hence, the line integral of the electric field between two points is same for all the paths 
between the two points i.e. it is independent of the path followed between the two points. 

The following points may be noted about the line integral of an electric field : 

1. Line integral of an electric field along a closed path is zero. Consider a 
closed path AP, BP.A in the electric field of point charge + q [Fig. 3.02;. Then, line 
integral of electric field between points A and B along path P, is given by 


B 
> FS 
[E.a= : 42-2) 
47 &, 
A 


along path P; 


Similarly, line integral of electric field between points B and A along path P, 
is given by 


along path P, 
| As sivot 1 pe 
fe dl + [E FPO DSS fea y 
: ATE, TAY) ofp 41 Ey rR OTA 
along path P; along path Pp 
Key point 4 
a> = > sp - : ; 
or Piedl 2 E .dl =0 Line integral of electric field along | 
A B lose DAN IS ZErO.. yale oe 


$ ‘A 
Le Ge 


along path P; along path Pp 


The L.H.S. of the above equation represents sum of the line integrals of electric 
field from point A to B along path P, and then from point B, to A along path P,. 


> 9 
Mathematically, this sum of two integrals is denoted as f E . dl i.e. line integral of 


e electric field along the closed path .BP,A. Therefore, the above equchen may 


de expressed as 


..(3.04) 


Hence, the line integral of an electric field along a closed path in an electric field is 
ways zero. 

2. Line integral of electric field between two points is equal to work done 
oy electric field in moving a unit positive test charge between the two points in 
the electric field. The electric field at a point measures the force experienced by a 
init positive test charge placed at that point. Therefore, 


73> FSF 
E . dl = work done by electric field in moving a unit 


— 
positive test charge through dl 
Hence, work done by the electric field in moving a unit positive test charge from 
oint A to B, 


as 


dl ..3.05) 


B 
— 
w-[E. 
A 
Obviously, work done in moving a unit positive test charge against the electric 
ield from point A to B 
B 


3 FS 
Wists) dee 4 ..(3.06) 
A 
3. Line integral of electric field is same for all the paths between two points 
mily in case of static electric fields. The equation (3.03) does not hold for electric 
ields due to moving charges. 


m3 03. CONCEPT OF ELECTROSTATIC POTENTIAL DIFFERENCE AND 
POTENTIAL FROMTHE LINE INTEGRAL OF ELECTRIC FIELD 


Consider a point charge + q located at the origin O of the co-ordinate frame 


IXYZ as shown in Fig. 3.03. The electric field due to charge + q will be directed along | 
he dotted arrows i.e. radially outwards from the charge + q. Let A and B be two — 


doints in the electric field of charge + q and AB be any arbitrary path between the 
wo points. 


The electrostatic potential difference between two points B and Ainan electric field is _ 
lefined as the amount of work done per unit positive test charge in moving it from point A _. 


0 B against the electrostatic force due to the electric field. 


If V, and V5; are electrostatic potentials at points A and B in the electric field ; 
of point charge + q and Wax, is work done in moving a vanishingly small positive — 


est charge qp, then by definition — 


(3,07) | 


Key point os 


oe 
| E . dl represents work done by electric 
A 


cet 
field E in moving a unit positive cnarge 
from point A to B. 


Key point 


B 
~ 


v 


ay 


jE .dl represents work done by an 


A 
external agent to move a unit positive 
charge against the electrostatic force 
exerted on the charge due to electric field 
oe 


Ep 


0 ares 
Suppose that at any instant, the test charge qg is at point P, such thatOP=r. 


et E be electric field at point P due to the source charge + q placed at point O. 
The force on test charge q, due to electric field of source charge = 4, E 


a) > 
To keep the charge in equilibrium, an external force F =—4q, E has to be applied 
on the test charge so as to balance the electrostatic force due to the source charge. 
‘urther, suppose that the test charge qq is moved through an infinitesimally small 


a) 
lisplacement PQ = dl . Then, small work done in moving the test charge from point 
eto.O, 

3 FCF 32 3G 
dW =F .dl=(—q, E).dl 
Therefore, work done in moving the test charge q, from point A to B is given 
“y 


; B " 2 5 Bis 
Wap = faW= [a E).dl=~q, [Ed 
A A A 


The work done per unit positive test charge in moving it from point A to B, 
B 
aiid 
Wap t } E.dl 
o 


A 
From equations (3.07) and (3.08), we have 


...(3.08) 


32 FF 
Vp -Va =-[E.dl (3.09) 
A 

Hence, the electrostatic potential difference between two points B and A in an 
electric field is equal to the negative of the line integral of the electric field between the 
points A and B. 

To define and express electrostatic potential at a point in an electric field, consider 
that point A is located at infinity. The electrostatic potential at a point at infinite distance 
from charge + q is zero. As such, the electrostatic potential difference between point B 
and point A (at infinity) will be just the electrostatic potential at point B. Likewise, 
electrostatic potential at a point is defined as below : 

The electrostatic potential at a point in an electric field is defined as the amount of work 
done per unit positive test charge in moving it from infinity to that point against the 
electrostatic force due to the electric field. 

If Vz is electrostatic potential at point B in the electric field of point charge +q 
and Wz is work done in moving a vanishingly small positive charge q, from infinity 
to point B, then by definition 
Wee 
sai (3.10) 

4o 


By proceeding as above, it can be obtained that work done in moving the 
positive test charge q, from infinity to point B, 


VB = 


23> FO 
Wap =~ 4 | E-dl 


co 
Therefore, work done per unit positive test charge in moving it from infinity 
to point B, 


W.. 3 35 ae 
28 =-[E dl 4G.) 
40 of 
From equations (3.10) and (3.11), we have 
pk “= 
- [Edi (3.12) 


Thus, electrostatic potential at a point in an electric field is equal to the negative of 
the line integral of the electric field between infinity and that point. 
mam 3.04.EXPRESSION FOR ELECTRIC POTENTIAL DIFFERENCE 

The electrostatic potential difference between two points in an electric field may be 
defined as the amount of work done per unit positive test charge in moving it from one point 
to the other ( without acceleration) against the electrostatic force due to the electric field. 

Since potential difference is defined as the work done per unit positive charge 
between two points, it is a scalar quantity. 


Consider that a point charge + q is placed at point O and points Aand Bare | 


any two points in the electric field of the point charge + q. Letr, and rp be distances 
of points A and B from the point charge + q [Fig. 3.04]. Suppose that V, and Vz are 
electric potentials at the points A and B respectively. 

If W ap is the amount of work done in moving a vanishingly small positive test 
charge qo from point A to B, then 
WaB 


Vp Va = 


pi ee to) 
0 


=. 
Suppose that at any instant, the test charge is at point P. If E is electric field at 
point P due to charge + q placed at point O, then 


force on the test charge qp due to the electric field of the source charge = 4g E 


Key point 
Potential difference petwesan two points B | 
and A in an electric field E is equal to 


negative of line integral of E from Point 
A to B. 


Potential ata isl inan electric field E- is 


equal to line integral of E between 
infinity and that point. 


Fe PERT Ss TOL SRE 
f 
‘ = —GoE pa 
ha Jo FoF 
i a 
j B Q) dl. P A 
b pearing sy 
Meare a el >| 


the Brel Foret to be Reroted : is given ay 


Smead 
F=- qoE 
pers the test charge is moved through infinitesimally small displacement 


PO = il , then small work done to move the test charge from point P to Q, 
eo? > FG 
dW =F .dl=(—q, E).dl =~ 4 Edl cos 180° = q, E dl 
As the test charge is moved from point A to B, the distance r decreases in the 


Sera 
direction of displacement dl. For this reason, the distance dl is taken as — dr. 
Therefore, 


Now, electric field at point P due to the charge + q, 


ea be 
4n Ey r2 
1 q a | 
dW =- Bey die = d 
wo (Gee 4) 4nme, x if 
Hence, work done in moving the test charge gg from point A to B is given by 
B "B 1g 1 7B 
Was = |dW= | - 3 dr =-——_ ie 
in J J Te et pe get ts Jr i 
A TA TA 
i. Blane sl "B 
aa i fi. ee a 4 40} — 
ATE 1 4ME IT Ney 
1 Leia 
or Wap = ; fear dane ...(3.14 
(Bares 1% (2 1 (3.14) 
From equations (3.13) and (3.14), we have 
1 1 
Ve —- Va = 4 - | SG. 15) | * 
47 Ey Ae ON 


Unit of electrostatic potential difference. The SI unit of potential difference 
is volt (V). In SL, work and charge are measured in joule and coulomb respectively. 
Therefore, from equation (3.13), the SI unit of potential difference is also given by 


1 joule 
1 volt = 
rele. (y) 1 coulomb 


The electrostatic potential difference between two points is said to be 1 volt, if 1 joule 
of work is done in moving a charge of 1 coulomb from one point to the other (without 
acceleration) against the electrostatic force due to electric field. 


= 1 joule coulomb (J C4) 


Key point 


Electric potential is a characteristic of 
electric field. It does not matter, whether 


a charge is placed i in the electric field or 


not. 
pe EL ae ie a2 Ls as Re peereete st 


mmm 3.05.ELECTRICAL POTENTIAL DUETO A POINT CHARGE 

The electrostatic potential at a point in an electric field may be defined as the amount 
of work done per unit positive test charge in moving it from infinity to that point (without 
acceleration) against the electrostatic force due to the electric field. 

It is a scalar quantity. 

Consider a point charge + q placed at point O. Suppose that V, is electric 
potential at point A, whose distance from the source charge + q is r,[Fig. 3.05]. 

If W.q is work done in moving a vanishingly small positive test charge qy from 
infinity to point A, then 

Wo 
Va= 


B (G17) e--- Tp --- >| 
4o 3 We oo a 
Suppose that at any instant, the test charge is at point P. The electric field E 


due to the charge +q exerts force q, FE on the test charge placed at point P. The test 


> ~ 
force F =—q, E on it. If the test charge q, is moved through infinitesimally small 


— 
displacement PQ = dl , then small work done is given by 


se) > 5 
dW =F .di=(—q, E).dl =—q) Ed cos 180° = q, E dl 
or dW =-4q)Edr 
Here, as discussed in last section, dl has been taken as — dr, as the distance r 


Sea 
decreases in the direction of qd]. 
1 q 


Since B= >-—'--,/ wehave 
AT Sa “7 
1 q 1 440 
dW =- See Mo SEN GF 
wel a I 4me, 7? 
Hence, work done in melee the test charge from ner to point Ais given by 
aN TA 
ab ae 3 +2 
Wa dW = dr=— ——— dr 
ae -| ee ee ie 
een Til Sper me dee er 
ANE, sit 3) ATE, Ado e 
me Sli) OI 36 
ATE, DIN ao) Arey ye 
or Ws) Hs (3.18) 
4NE, Ta 
From equations (3.17) and (3.18), we have 
ce ela ti 
4X E> TA 


In case, the distance of point A is from the charge + q is denoted by r (in place 
of r,), then subscript A may be dropped. If V denotes the electrostatic potential at 
any point at distance r from the charge +q, then 

Ling 


Ane, 1 <i-43:19) 


Unit of electrostatic potential. The unit of electric potential is also volt (V). 
1 volt (V) = 1 joule coulomb~ (J C-}) 
The electrostatic potential at a point is said to be 1 volt, if 1 joule ‘of work is done in 
moving a charge of 1 coulomb from infinity to that point (without acceleration) against the 
electrostatic force due to electric field. 


Mmgi3.06. ELECTRIC POTENTIAL DUETO A SYSTEM OF CHARGES 

Let us now find electrostatic potential at a point P due to a group of point 
charges 4, 9, 93 -.-- 9, lying at distances rj, ry, rz .... 1, from point P [Fig. 3.06]. The 
electrostatic potential at point P due to these charges is found by calculating 
electrostatic potential at point P due to each individual charge, considering the other 
charges to be absent and then adding up these electrostatic potentials algebraically.* 

The electrostatic potential at point P due to charge q,, when other charges are 
considered absent, 


Ss Deal 
1 An ae 
Similarly, electrostatic potentials at point P due to the individual charges. 
Yor Gy vee q, (when other charges are absent) are given by 


*Roacdi1ce electroctathc notential ic a ccalar quanhh 


Hence, electrostatic potential at point P due to the group of 1 point charges, 
V=V,+V7+V3+....+V,, 


eee fe em 2, Lag eras. An, 


Ketone Aes 1 Ane AME, Ty 
se REE ase + in 
4NE\h hm i 
a ne 
V= a 
or ae X g (3.21) 
Note. 1. In case the electric charges 41,45, 93, .----4y, are located at points, whose 


a a) + 
sition vectors are 1 ,1,%3,----- Tm, then electrostatic potential at a point at 
> 
ation r can be found by making use of equation (3.20). Therefore, electrostatic 
ential due to the discrete distribution of charges is given by © 


n 


és Ve 1 Yi ioe) 


2 Here, He is position vector of the ith charge q,. 
2. It can be easily deduced that electrostatic potential at loca, r 
(a) due to the line charge distribution L is given by 


1 A dl a ; 
V= ee ee A S28 
47 & J pa a ee: 
a LAG mre 
(b) due to the surface charge distribution S is given by 
d 
Ve | (3.24) 
Ls Oe estes 
Sitar 
_ (c) and due to the volume charge distribution V is given by 3 
1 pdVv ae 
V=— SOURCES Base te de) | 
es G25) 
bine 


Here, in equations (3.23), (3.24) and (3.25), A, oand pare linear charge density 


face charge density and volume charge density respectively and 7’ rs position 


tor of the elementary portion dl, dS or dV of the tne) surface or volume ee 
tribution. 


43.07.ELECTRIC POTENTIAL AT ANY POINT DUE TO AN ELECTRIC 
DIPOLE 
Consider an electric dipole AB having charge — q at point A and charge + q 
point B. Let O be the centre of the dipole and P be any point at a distance r 
m its centre, where electric potential due to the dipole is to be determined. Let 
OB = 6 [Fig. 3.07]. 
The potential at point P due to charge — q, 


sar ed ok de wade 
4m, PA, | 
and the potential at point P due to charge +4, 
ite arora 
4ze, PB 
Therefore, net potential at point P due to the dipole, 
VE V4 V5 2 diaries BANS 4 €2 Planet 14 
Ame. PALS 272. PB 
or Viaacten al ts ...(3.26) 
4TE, 1 TAL a 


Key point | 


Electric potential ata point oom toa sroup 
of charges is equal to algebraic sum of the 
potentials at that point due to individual 
charges. 


To find PB and PA, draw BN perpendict arto d 
PO after producing it. From right angled A AMO, we have 


spe OM uM, OM = 0 
MOK 7 or =acos 


In case the length of the dipole is very small as compared to distance r, then 
PA = PM = PO+OM=r+acos@ 
Similarly, it can be obtained that 


PB=r-acos@ 
Substituting for PA and PB in equation (3.26), we have 
1 1 1 rey 1 x r+acos@—r+acos@ 
ARE, anal ae r- —a* cos2 8 
aes 2acos@ 
A meuaca(r? asieieose 8) 


Since q (2 a) = p, the electric dipole moment of the dipole, the above equation 
becomes 


we _1 __ epeosei (3.27) 


4m&, (r*—a? cos” 0) 
The equation (3.27) gives electric potential due to the dipole at a distancer from 
its centre in a direction making an angle 6 with the dipole. 
Special cases. Let us find the electric potential due to the dipole in the following 
two cases : 
1. When point P lies on the axial line of the dipole. In such a case, 0 = 0° and 
cos 6 = cos 0° = 1 
Therefore, equation (3.27) gives 
1 P 


V.xia) =——_ - BASE P2o) 
axial 47 &, (r2 ay i ) 
In casea <<r, then 
1 p 
Vaxial = An Ey 4 a AY ...(3.29) 


2. When point P lies on the equatorial line of the dipole. In sucha case, 6 = 90° 
and cos 6 = cos 90° = 0 
Therefore, equation (3.27) gives 
.-.-(3.30) 


Vequi a 


we 3. 08, ELECTRIC FIELD AS GRADIENT OF POTENTIAL 
Consider a point charge + q placed at point O. Suppose that V and V + dV are 
electrostatic potentials at points P and Q, whose distances from the charge + q are 
rand r — dr respectively [Fig. 3.08]. 
If dW is the amount of work done in moving a vanishingly small positive test 
charge q, from point P to Q, then 


(V+ dV) -V = — 


or Nae {EH 20) 


If E is electric field at point P due to eas + q placed at point O, thin the test 
charge q, experiences a force equal to q, E and the external force required to move 


a 
the test charge (without wa against the electric field E is given by 
— 
P= seni 6 
pa ai 7 done to move the test charge through an infinitesimally small 


displacement PO = dl is given by 
es > 5 
dW = F .dl =(—q, E).dl =— py E dl cos 180° = q, E dl 


Key 


point 


As the distance r decreases in the direction of dl , the distance dl is taken as —-dr. 
.erefore, the above equation becomes 


dW =-q)E dr 
dW 
or ——=-—Edr WAS io2) 
{0 
From equations (3.31) and (3.32), we have 
dV =-Edr 
dV 
or E=-— 22.8:33) 
dr 


Therefore, electric field at a point is equal to the negative gradient of the electrostatic 


= 
tential at that point. The negative sign indicates that the direction of E is always 


the direction of decrease of electric potential. 

Unit of potential gradient. In SI, the unit of potential gradient is volt 
etre! (V m}). 

Mi 3.09. EQUIPOTENTIAL SURFACES 

Any surface, which has same electrostatic potential at every point, is called an 
uipotential surface. 

The equipotential surfaces can be drawn through any region, in which there 
electric field. If all the points at same potential in the electric field are joined, an 
uipotential surface is obtained. 

Since all points of an equipotential surface are at same potential, no work is 
me in moving a test charge between any two points on the equipotential surface. 


= 
wus, if E is electric field at a point on the equipotential surface and a test charge 
a 
is moved through a displacement dl on the surface, then 


Sy 0S" See 
go E-dl=0 E-dl=0 


= = > 
. E is perpendicular to dl. Since dl is along the equipotential surface, electric 


or 


> os 
Id E must be perpendicular to it. In other words, electric lines of force are always 
rpendicular to the equipotential surface. 


mi 3.10.PROPERTIES OF EQUIPOTENTIAL SURFACES 

The following properties are associated with the equipotential surfaces : 

1. No work is done in moving a test charge over an equipotential surface. 
t A and B be two points on an equipotential surface [Fig. 3.09]. If a positive test 
arge q, is moved from point A to B, then work done in moving the test charge is 
lated to electrostatic potential difference between the two points as 


epee | 
4o 
Since the two points A and B are on the same equipotential surface, 
Ww 
—4B =0 9 or Wap=0 
o 


Hence, no work is done in moving a test charge between two points on an 
fuipotential surface. 

2. The electric field is always at right angles to the equipotential surface. Since 
ork done in moving a test charge between two points on an equipotential surface 
zero, the displacement of the test charge and the force applied on it must be 
rpendicular to each other. Since displacement is along the equipotential surface, 


> = 
id force on test charge if q E, the electric field ( E )must be at right angles to the 


juipotential surface. 
3. The equipotential surfaces help to distinguish regions of strong field from 
ose of weak field. We know that 


dV 
E=- — or (Ei ra Se 
dr E 


Key point 
Electric field at a point is equal to the 
negative gradient of potential at that point 
and is directed in tne direction of decrease 
of potential. 


v 


Watch out ! 


Electric potential is a scalar quantity but 
electric potential gradient is a vector 
quantity ! 


Self-test Question > 2g 


Show that eiectric field may also be 
measured as volt metre! (V m7!) 


Key point ny 


Electric field is always perpendicular to 
an equipotential surface and as a result, 
work done in moving a charge between 
two points on an equipotential surface is 
zero. 


ty 


EQUIPOTENTIAL 
SURFACE 


Key point iB 


In the regions, where equipotential 
surfaces are relatively closer, the electric 
field is stronger and vice-versa. 


For same change in value of dV i.e. dV=constant, we have 


bs 
E 


i.e. the spacing between the equipotential surfaces will be lesser in the regions, where 
the electric field is stronger and vice-versa. Therefore, the equipotential surfaces are 
closer together, where the electric field is stronger and farther apart, where the field is weaker. 

4. The equipotential surfaces tell the direction of the electric field. Again, 


mene 
dr 


The negative sign tells that electric field is directed in the direction of electric 
potential with distance. Therefore, direction of electric field is from the 
equipotential surfaces which are closer to each other to those which are more and 
more away from each other, provided such surfaces having been drawn for same 
change in value of dV. 

5. No two equipotential surfaces can intersect each other. In case, two 
equipotential surfaces intersect each other, then at their point of intersection, there 
will be two values of electric potential. As it is not possible, the two equipotential 
surfaces can not intersect each other. 


3.11. TO DRAW EQUIPOTENTIAL SURFACES 

The various properties of equipotential surfaces discussed in last section can 
be used to draw and study the equipotential surfaces in different situations. Let us 
now study the equipotential surfaces in the following cases : 

1. For a uniform electric field. In a uniform electric field, the strength and 
direction of the field is same at every point inside it. A uniform electric field is 
represented by a set of parallel arrows. For a uniform electric field (E = constant), 
we have 


dV 
— =constant or dV x dr 


dr 


Therefore, in a uniform electric field, equipotential surfaces differing by same 


amount of potential difference will be equidistant from each other. Since electric — 
field is perpendicular to the equipotential surface, such surfaces will be a set of ~ 
parallel planes. Fig. 3.10 shows equipotential surfaces I, II and III at potentials V,, — 
V, and V, respectively. Since electric field is in the direction of decrease of — 
potential, V; > V, > V3. Further, as the equipotential surfaces are equidistant from _ 


each other, V,; — V, is equal to V, — V3. 

2. For an isolated point charge. The electric field due to an isolated point 
charge is radial in nature and varies inversely as the square of the distance from 
the charge. The potential at all the points equidistant from the charge is same. All 
such points lie on the surface of a spherical shell, such that the charge lies at its 
centre. Therefore, for a point charge, equipotential surfaces will be a series of 


conceniric spherical shells with the charge at the centre. Since for same change dV __ 


in potential, 


spe 
E 


the separation dr between the equipotential surfaces will go on increasing with | 
decrease of electric field. Fig. 3.11 shows equipotential surfaces I, II and III due to © 


an isolated positive charge. The potential of each of the three surfaces is different, 


but it has the same value for all points on the surface. As the separation between — 


surfaces II and III is more than that between I and II, it follows that electric field 


is stronger at points near the charge and weaker at points away from it. The | 
electric lines of force are perpendicular to equipotential surfaces and point — 


radially outwards. 

3. For a system of two point charges. Fig. 3.12 and Fig. 3.13 represent the 
equipotential surfaces and electric lines of force for two equal positive charges and 
a pair of equal and opposite charges respectively. The dotted lines represent electric 
lines of force. The thick circles around the charges represent equipotential surfaces 
due to individual charges. In the two cases, the equipotential surfaces due to the 


i 18RRE BUG DEM SII eae. 


EQUIPOTENTIAL SURFACES 


Pe ie SE ee a eats Rp ie 
SE Rae, Fig. 3.10 as Us a 
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vo charges are obtained by adding potentials at a point due to two charges 
igebraically. They have been represented by thick curves or lines. 


Fig. 3.12 Fig. 3.13. 
ge 3.12.ELECTROSTATIC POTENTIAL ENERGY OF A SYSTEM OF 
CHARGES 


The electrostatic potential energy of a system of point charges is defined as the work 
quired to be done to bring the charges constituting the system to their respective locations 
om infinity. 

We first obtain expression for electrostatic potential energy of a system of two 
oint charges, then for a system of three point charges and finally we shall generalise 
ie result for a system of n point charges. 

(a) Potential energy of a system of two point charges. Consider two point 

_ _ 
larges q, and q, lying at points A and B, whose locations are r,; and rz respectively 
‘ig. 3.14]. 

To calculate the electric potential energy of the two charges, remove the two 
1arges to positions, such that they are at infinite distance from each other. First of 
1, bring the charge q, from infinity to its original position A. For this, no work is 
quired. It is because, when charge q, is moved, no electrostatic force due to any 
ther charge opposes it. 

Now, move charge q, to its original position B. When charge q, is moved, the 
ectric field due to the charge q, lying at point A, opposes it. Hence, work has to 
2 done. The work done in moving charge q, from infinity to point B in the electric 
eld of charge q,is given by 


1 
W = (electric potential due to charge q, at B) xq, = F Ley | qo 
0 


f 32> €F 
Since AB=Ir, — 1 |, we have 


DiegelPrcsdih\ rele Wie 
73> FD 
Ade lry — 1 | 


The work donw in bringing the two charges to their respective positions is 
ored as the potential energy of the configuration of two charges 1.e. 


Be ee (3.34) 
40 Eq lt) —1 | 


a’ 
If distance |r, — 12 | is denoted as r,7, then 


ee ee LN (3.35) 
4n Eo 2 


The equations (3.34) and (3.35) give electric potential energy of a system of two 
oint charges. 
(b) Potential energy of a system of three point charges. Consider that three 


3 f€C a 
oint charges 41, 4 and q, are lying at locations 1,,r. and r, respectively. Let us 


nd the electric potential energy of the system of the three charges. 
(i) First of all, remove all the three charges to infinite distance from each other 


~ 
nd then move the charge q,to its location r, . For this, no work has to be done. 


er py ideal aso) 


$ 


Key point. yA 


Potential energy of a configuration of two 
charges is due to work done iin bringing 
the charges to their respective. positions 
after having been put infinite distance 
apart. © aie 


. , paid ? 
(ii) Now, move the charge q, from infinity to its location r, . The work has to 
be done for moving charge q, in the electric field produced by charge q, (or due to 


— 
electric potential of charge q,) at the location ry . The work done for moving the 
—s 


ea 
charge q, from infinity to location rz , when charge q, is present atr, is given by 


Nie tae 


Wi = 
me 47 Ey 


| A = r | 

(tit) Now, move charge q3 from infinity to its location AAs The work, say W,3 
has to be done for moving charge q, in the electric field of charge gq, and work, say 
W, 3 has to be done for moving it in the electric field of charge q5. The values of W,3 
and W,, are given by 


1 
ii ee a we Woe 42-93 
4me =e 4TE ae Re 
0 ln, — 713 | 0 lt — 13 | 


Therefore, total work done in order to bring all the three charges at their 
respective locations and hence the electric potential energy of the system of the three 
point charges is given by 

U=W)p + Wi3 + Wo 


we Lath! GA eee ie et 


a > 4 > 3 es 
41 Eo Ir, — 1 | a Ga In — 13 | at EO lt — 73 | 
1 - 
or | SS ..(3.36) 
#0 i Sete We a ee 
The result (3.36) can also be expressed as 
Bee t= Svayy eee | 37) 
j=l t= lie rj | Rapes , 
j#i 


iL 
The factor — has been included for the reason that when potential energy of 


the three charges is expressed in summation form, each term gets counted twice. 
For example, if in equation (3.37), a term is obtained fori = 1 andj =2, then the same 
term comes in again for i = 2 and on = " 


i Po Per ae £8 
“ps dy! Aye 


If we denote the distance iy — iy fs — . | ei ip: —7f3 i as ha "13 and ry3, 


respectively, then 
U iol [a 42. ft 93'- 92 a 1) we homie Mere gtbay 
4N€,\ N2 43... 193 ur OR Ae gece a 
The result (3.38) can also be expressed as 


3 3 “ff ¢ aif 
1 1 Fi 4j 
U=— —— (Shae 
2 47 Ep ps 2» tj ( ) 
jai i=1 ly 
j#i 


Ac) Potential energy of a system of 1 point charges. The expression obtained 
for the potential energy of a system of three point charges can be easily generalised 
to a system of n point charges. The potential energy of a system of n point charges 


941 Jor Jay +++, yn present at locations 1,77, 1r3,.....,%, Tespectively is given by . . 


2|4ne) & 4 >_> aia 


gu PaO ‘ j 
If we write the distance | 7; — r, lasr the above equation may be expressed as 


i’ 


1 1 n n 
Hrsign E, 2s Dy 
j=l i=1 
j#i 
m3.13. POTENTIAL ENERGY OF AN ELECTRIC DIPOLE,WHEN PLACED 
IN UNIFORM ELECTRIC FIELD 
Suppose that an electric dipole having dipole moment p is placed along a 
rection making an angle @ with the direction of an external uniform electric field 
Then, torque acting on the dipole is given by 
t=pEsin@ 
If the dipole is rotated through an infinitesimally small angle d6 against the 
que acting on it, then small work done 
dW = td0=pEsin 0 dé 
Therefore, work done in rotating the dipole from its orientation making an angle 
with the direction of electric field to 6, is given by 


9i 4j 
ere (3.41) 
"ij 


92 
w= | pEsin 0d0=pE| — cos 6,” 
64 
or W =PpE (cos 6, — cos 85) 


This work done is stored in the dipole in the form of its potential energy. 
Therefore, when an electric dipole is rotated inside the electric field, potential 
ergy stored in the electric dipole and it is given by 
U=pE (cos 6, — cos 85) ...(3.42) 
Let us assume that dipole is initially oriented perpendicular to the electric field 
d is then brought to the orientation making an angle @ with the field direction. 
en, potential energy of the dipole, when it makes angle @ with the direction of 
> electric field can be obtained from equation (3.42) by setting 6, = 90° and 6, = 


Key point 4 


The work done in rotating an electric 
dipole against the torque acting on it due 
to the electric field is stored in the dipole 
in the form of its potential energy. 


Key point i 


In a uniform electric field, an electric 
dipole experiences a torque only. Whereas 
in a non-uniform field, it experiences 
torque as well as a net force. 


Key point ie 


Therefore, 
U =p E (cos 90° — cos 8)... 
or U=-pEcosé ; 


In vector notation, 
3 FS 


U=-p.E 


The potential energy of an electric dipole 
in an electric field is zero, when electric 


dipole moment vector is parallel to the 
..(3.43) 


> > 
field (p|lE) and maximum, when 


6.44) antiparallel. 


pe A. On Potential difference and work done in 
moving a charge 
Problem 3.01. If 100 joule of work must be done to move 
ectric charge equal to 4 C from a place, where potential 
—10 volt to another place, where potential is V volt, find 


e value of V. (H.PS.S.C.E. 1998, 1990) 
Sol.Here, qg=4C;Va=-10volt ; Vg=V=volt; 
Was = 100 joule 


4o 
or V-C10) === =25 or V=15 volt 


pe B. On Potential due to a point charge 
Problem 3.02. Calculate the electric potential at the 
tface of a gold nucleus. Given, the radius of nucleus 
6-6 x 10-55 m and atomic number of gold = 79. 
(HS.S.C.E: 1996) 
Sol. Here, charge on gold nucleus, 
qg=Ze=79x 16x 10-19C; 


radius of gold nucleus,r = 6-6 x 10-!5m 
Therefore, electric potential at the surface of the 
nucleus, 


1 q_ 9x10?x79x1-6x 107) 
6:6x10° 


An Conk i 
=1-724x 107 V 
Problem 3.03. (a) Calculate the potential at a point P 
due to a charge of 4 x 10-7 C located 9 cm away [Fig. 3.15]. 
(b) Hence, obtain the work done in bringing a charge 
of 2 x 10-9 C from infinity to the point P. Does the answer 
depend on the path along which the charge is brought ? 


(Text Problem) 
Sol. Here,q =4 x 10-7 C ;r=9 cm=0-09 m 
q = 4x10 C 
|—----——--— 0 
O P 
r= Ven = >| 


Fig. 3.15 


* 


Simei, 


(a) Potential at po tP due to charge q i lai 


in 


vty Hise 
4N€ Fr 

1 ae We i 

= 91x 10 Xo OGL an ae Vv 


(b) From the definition, the potential at point P equals 
the work done in bringing a unit positive charge from infinity 
to point P. Therefore, the work done in bringing a charge of 
2 x 10-° C from infinity to point P, 

W = 2 x 10? x potential at point P 
=2x10-?x 4 x 104 
=8x10°]J 

The work done in bringing the charge from infinity to 
point P does not depend on the path along which the charge 
is brought. 

Problem 3.04. A charge of 20 uC produces an electric 
field. Two points are 10 cm and 5 cm from this charge. Find 
the values of potentials at these points and also find the 
amount of work done to take an electron from one point to 
the other. 

Sol. Here, q = 20 uC = 20 x 10°C 

Let A and B be two points at distances 10 cm and 5 cm 
from the charge. Thus, 

r,=10cm=0-1 m;r=5cm=0-05m 


20x 10° 
Now, V, =... L.20%90? waetinane 
4TE, 0-1 
=1-8 x 10° V 3 
20x 1 
Also, Vp = 4 95 19% ¢ ae 
ANE, t 0-05 
= 3-6 x 10°V 


. Vg - Va = 3:6 x 10°- 1-8 x 10° = 1-8 x 10° V 
Work done to take an electron from A to B, 
Wap = (Vp -— Va) x charge on electron 
= 1-8 x 10® x 1-6 x 10719 = 2-88 x 10715 J 
Problem 3.05. At a point due to a point charge, the 
values of electric field intensity and potential are 32 N C1 
and 16 J C~! respectively. Calculate magnitude of charge 
and distance of the charge from the point of observation. 
(C.B.S.E. 2002) 
Sol. Let the observaticu >oint be at a distance r from 
the given point charge q. Since at the observation point, 
the electric field is 32 NC ~, 
1 q : 
ecu 32 a) 
Also, as the electric potential at the observation point 
is 16J Cl, 


ented al G ..ii) 
ADE yigil, 
Dividing equation (ii) by (i), we have 
16 
r=— =05m 
32 
Substituting for r in equation (ii), we have 
Lie 9,4 
-—— = 16 9x1 —=1 
4n€) 0-5 I el 
_16x0-5 


q => = 8-89 x 10°19 C 
9x10 


Problem 3.06. Calculate the potential at the centre 
a square ABCD of each side /2 m due to charges 2, —2,. 
and 6 uC at four corners of it. (H.S.S.C.E. 198 


Sol. Four charges q1, 7», q3 and q, are placed at the fo 
corners of the square ABCD as shown in Fig. 3.16. 


qy 2m 2 
A B 


Fig. 3.16 
Here, ai 2G lO See 
qn =-2uwC =-2x 10°C; 
9, =-3C=—6 x 10°C; 
Gaz 6uC = 6 Y10 6C 
and AB=BC=CD=AD=,/2m 


Let r be the distance of each charge from the centre O 
the square. 


Then, Ate? eps J2 or 


Potential at point O due to charges at the four corne 


vat (24248, 
r i r (4 


f= nv 


ie! 
~ -— (9; +42 +93. +94) 
An 8’ 91 +927 93 7 44 
9 
= PIE (2x 1078 4-2 10%) + (3x10) +610" 


=2-7x 10*V 

Q. 3.07. A regular hexagon of side 10 cm has a char 
5 uC at each of its vertices. Calculate the potential at tl 
centre of the hexagon. (Text Probler 

Ans. Let O be the centre of the hexagon [Fig. 3.17]. 
follows that the point O, when joined to the two ends of a si 
of the hexagon forms an equilateral triangle. Therefore, 

AO = BO = CO =,DO = EO =.FO =,10 cm = 0-1 m 


Fig. 3.17 
Since at the each corner of the hexagon, a charge of 5 } 
i.e. 5 x 10-°C is placed, total electric potential at point O d 
to the charges at the six corners, 


v=6x| ; 4 
A Gea ¥ 


5x10 


=6x9x 10? x =2-7x 10° V 


.08. A cube of side b has a charge 4 at 
of its eight vertices. Determine the potential and electric 
field due to this charge array at the centre of the cube. 
(Text Problem) 
Sol. The charge on each vertex of the cube = q ; 
side of the cube = b 


Fig. 3.18 
Now, distance r of the centre O of the cube from any 
vertex of the cube is equal to half of its diagonal of the cubei.e. 


ras bP +b? +0? = 36/2 


The potential at point O due to charge q at any vertex, 
bois 


ANE, Tr 
Therefore, potential at the centre of the cube due to 


charges at its eight vertices, 


Wek ae et 
4ne, V3b/2 
4q 
or 1 Mies ae ee 
V3 me, b 


From the symmetry, it follows that electric field at point 
J due to charges at the eight vertices of the cube will be zero. 

Problem 3.09. A metal wire is bent into a circle of 
radius 10 cm. It is given a charge of 200 ~C, which spreads 
on it uniformly. Calculate the electric potential at its centre. 

(C.B.S.E. 1995) 

Sol. Here r= 10cm= 0-1m 

and q = 200 #E =200¢x LO" 

Consider an elementary portion of the circular wire. 
Suppose that it possesses a small amount of charge dq over 
it. If we assume that the charge on elementary portion behave 
as point charge, then potential due to elementary portion at 
the centre, 

KP ey 
4m& 1£ 

The potential due to the whole circular wire, 

1 dq ae i yl! 1 Mig 
Ames rt). 4ne€or 


200 x 10° 


Vee ZdV =x 


ANE, Fr 


=9x 10? x =1-8x10’V 


Problem 3.10. Two charges 3 x 10° C and -2 x 10° C 
are located 15 cm apart. At what point on the line joining 
the two charges is the electrical potential zero ? Take the 
potential at infinity to be zero. (C.B.S.E. 2000 ; Text Problem) 

Sol. Here, q, =3 x 10°C; qg =-2 x 108C; 

r =15cm= =0-15m 


P 
due to the two charges [Fig 3.191. 


4a 4p 

eo 

A O B 

meat ost eae a ek >| 

eee 15. Cn = >| 
Fig. 3.19 


Suppose that the distance AO = x. Then, 
BO =r-x=0-15-x 
Electric potential at point O due to qy, 


2 ns hdl A 
A oA eg AO 
-8 
=9~x 10? x S10 = 270 
a» x 
Electric potential at point O due to qp, 
“pone afl 
B 4me, BO 
-2x.1078 
WN Sia Ro ae § x 10 Yash 180 _ 
al he an elo AX 
Since the electric potential at point O is zero, we have 
270 180 270 180 
or i = Phor oo = ——_—_ 
x WEN RS Re 3 Xe Wale Xx 


or x=0:09m=9cm (from charge of 3 x 10 C) 

Problem 3.11. ABCD is a square of side 0-2 m. Charges 
of 2 x 10-?, 4 x 10-, 8 x 10-° coulomb are placed at the 
corners A, B and C respectively. Calculate the work required 
to transfer a charge of 2 x 10-? coulomb from corner D to the 
centre of the square. (Karnataka, 1988) 

Sol. The charges of 9, = 2 x 10°? C ; gn =4 x 10°? C and 
qc = 8 x 10°? C are placed at the corners A, B and C of the 
square ABCD of each side of length 0-2 m [Fig. 3.20]. 


Koha Gc = 8x10 C 
C 


02m 


02m 
; Fig. 3.20 
Let Vp be potential at point D due to charges placed at 
points A, B and C. Then, 
Vp = sum of the potentials due the charges gy, qp and qc 


Le FA Auge y gprptall ts bioden 


qu = 4x10 °C 


Gx = 2x10 C 


“Ane, AD 4ne, BD 4xe, CD 
ann. [t+ BK) 
4ne,\AD BD CD 


Here, AD=CD=0-2m 


and BD = \\(-2)? +(@-2)? =0-2V2m 


4x10 P 
0-2/2 


(1+ /2 +4) 


, wees 
Vp =9* 10? 
0-2 


_ 9x10? x2x10” 


= 577-26 V 
Now, potential at point O due to charges q,y,qp and qc, 
1 (48 fa, 9B, IC a 
04K E; 


AO BO CO 


Now, AO = BO = CO = ; x diagonal of square 
=5%0-2/2=0-12 m (.- BD =0-2/2 m) 


4x10? “ 8x10? 
EE Rhett bi p2 


= 890-82 V 


V 9 107? 2x10” | 
Oe. athe Alea 
9x10? x2x10” 


0-1/2 
Potential difference between the points O and D, 
Vo - Vp = 890-82 — 577-26 = 313-56 V 
Therefore, work done to transfer a charge q =2 x 10-? C 


(14+2+4) 


from point D to O is given by 
W =4q x (Vo- Vp) =2 x 10°? x 313-56 
= 6-27 x 1077 J 


Type D. On Potential gradient and electric field 

Problem 3.12. Two parallel plates are 5 cm apart and a 
potential difference of 60 V is set up across them. Find the 
electric field intensily between the two plates. 

Sol. Here, dV = 60 V; dr=5cm=0-05m 
Ve = 900 ie 
dr 0-05 

The negative sign indicates that electric field is directed 
in the direction of decrease of potential. 

Problem 3.13. Calculate the voltage needed to balance 
an oil drop carrying 10 electrons, when located between 
plates of a capacitor, which are 5 mm apart. Given, mass of 
the drop = 3 x 1p" 16 ke, charge on electron = 1-6 x 10719 C 
and g=9.8ms~ (C.BS.6. tag 3) 

Sol. Here, chee on oil drop, 

q=10e=10x 1-6 x 10°19 =1-6 x 10-8 C 

Mass of oil drop, m = 3 x 10-!® kg 

Distance between the plates of the capacitor, 

pe bm = 5x 10 mi 

The electric field at a point is numerically equal to the 
gradient of electric potential at that point. Since electric field 
between the plates of a capacitor is uniform, it is given by 


E=~ 


Now, E=- 


r 

Here, V is potential difference between the plates of the 
capacitor held at distance r apart. 

So that the oil drop is balanced, 


ES 
gE=mg or q|—|=mg 
r 


mgr 3x10 1° x9-8x5x109 


or aes a WEbape DaKine 
q 1-640;'8 


=9-19V 


Problem 3.14. (a) Determine the electrostatic energy of! 
a system containing two charges 7 ~C and — 2,uC separated 
by a distance of 18 cm. 

(b) How much work is required to separate the twe 
charges infinitely away from each other ? 

Sol. Here, q, =7uC =7x 10°C; 

qn =-2 uC =-2x 10°C; 
Tyo = 18cm =0-18m 

(a) Electrostatic potential energy of the system of twe 

charges, 


oot ae 
47 E, 9 
6 6 
-~2x10 
=9x 10? x IER Oh dies -0-7J 


0-18 
(b) When the two charges are separated infinitely away 
(r;. = ©) from each other, the electrostatic potential energy} 
of the system becomes zero. Therefore, 
work required to separate the two charges infinitely 
away from each other, 
W = final PE. — initial PE. = 0 - (0-7) = 0-7 J 
Problem 3.15. An electron is circulating around th 
nucleus of a hydrogen atom in a circular orbit of radiu: 
5-3 x 10-!! m. Calculate (a) the electric potential at thi: 
radius. (b) the electric potential energy of the atom in eV 
What would be the electric potential due to a helium 
nucleus at the same radius. Given, (4 7e€, gre 9x10°n 
F-1 and e = 1-6 x 10-9 C. (.S.C.Es 1997 


‘Ans. Here, =9x10? mF! ;:e=16x1019C 


47, 
(a) Radius of gate Nae ae in hydrogen atom, 
t-ebS x10! 
The nucleus of Kydineen atom contains one proton 
Therefore, charge on the nucleus of hydrogen atom, 
seeds Enea ela ok 
, Electric potential at electron orbit of hydrogen atom, 
lod 9 —19 
5 Spelman at ye yg 
47 Wy 5-3x1071! 
cin “() Charge on Steck Qn =-e =-16x 10°C 
pk ‘Therefore, potential energy of H-atom (proton-electror 
system), — 


dramiare aanere Th np 

SKE f if 

9x10? x1-6x 107? x (-1-6x 107”) 
5-3x 1071! 


=-27-17x1-6x 10719J 
Now, 1 eV =1-6 x 107!9J 


19 
u=-22 17x1 Nee = —27-17 eV 
1-6x107 
A helium nucleus contains two protons. Therefore, 
charge on helium nucleus, 
g=+2e=2x 1-6 x 1079 = 3-2 x 10° 
Hence, electric potential at distance r (= 5-3 x 1071! m) 
1 9x10? x3-2x 10? 
V= 4a te es 4 
4NE, 5:3 10 


F ect of a H, 
olecule i is removed, we get a hydrogen molecular i ion 
H; ). In the ground state of a H,*, the two protons are 
2parated by roughly 1-5 A and the sirar 3 is roughly 1A 
‘om each proton. Determine ye potential energy of the 
ystem in eV. (1eV=1-6x107!9J). 

Sol. Let r,, be the distance between the two protons 
,and p,. Further, letr,3 and r5, be the distances of the electron 
from the protons p, and p, respectively [Fig. 3.21]. 


44 ° Yo 
(p,) TyaT5A (Pz) 
Fig. 3.21 
Here, 7; =15A=15x 101m 
fata TAA ie 
9 = 9, =+ 1:6 x 10-9 C and q, =~ 1-6 x 1077:G 
Therefore, potential energy of the system, 


te tha [‘ 4s , 2% 
4mE,\ Np Nh 3 

19) (LOX 100x136 X40" 

= 9 x 19-19 | ——— 
1-5x107 

16x10 cb 10) 
wills 6x10-° x(-1-610,.7) 
roe? 


Probletn 3.18. A point charge of 8 mC is located at the 

a origin [Fig. 3.22]. Calculate the work done in taking a 

nall charge of —2 x 10" °C froma point A (0, 0,3 cm) toa 
oint B (0, 4 cm, 0) via a point C (0, 6 cm, 9 cm). 

(Text Problem) 


Ans. Fig.3.22showsthecharge q(=8mCor 8x 10°C) * 


cated at the origin. Acharge q)(=-2 10 C)ismoved from 
oint A(0,0,3cm)topointB (0,4cm,0)viapoint C (0,6cm,9<m). 
Z 


C(0,6cm, 9cm) 


A(0,0,3cm) 


q=8 mC 
B(0,4.cm,0) 


X 
Fig. 3.22 
The initial distance of charge qq from q, 
=OA =3cm=0-03m 
The final distance of charge q, from q, 
rp = OB =4cm=0-04m 
Work done in moving the charge q, from point A to B is 
\dependent of the path followed and depends only upon the 


Foremblonds brilliant Sisisicts studerits 


0-28 — 2.56 x 10-28). 


x 10° (- 2:56 x 
=9 x 10? x (3-413 x 10-7) 
=~ 30-72 x 10-19 J 
30-72 x 10-7 
= a yo Lely 
1-6x 10 
Type F. On Potential energy of an electric dipole 
Problem 3.17. An electric dipole consists of two 
opposite charges each of 1C separated by 2 cm. The dipole 
is placed in an external uniform field of 10° N C“! intensity. 
Find (a) maximum torque exerted by the field on the dipole 
and (b) the work done in rotating the dipole through 180° 
starting from the position 6 = 0°. 
So!. Here, £= 10 NG Ge tc = 10° CF 
2a=2cm=0-02m 
= @ (ae 10 0 O02 = 2 x 10-2 Cm 
(a) The abt? acting on a dipole is given by 
tT=pEsin@ 
Torque is maximum, when sin 6 = 1 
Ties iin LOVRRMLOR xa 
= 0-002 Nm 


(ii) Now, work done in rotating the dipole from 6 = 6, 
to = 0, is given by 
W =p E (cos 6, — cos 6) 
6, = 0°, 8, = 180° 
W = 2 x 10° x 10° (cos 0° — cos 180°) 
= 0-002 (1— (-1)) 
= 0-004 J 


Here, 


initial and final distances 1.2. r, and rg. Therefore, work done 
to move charge q, from point A to B is given by 


=9% 10 x8 x10 x 210) x[ 


=1-2J 

Problem 3.19. Two tiny spheres carrying charges 1:5 

p#C and 2-5 nC are located 30 cm apart. Find the 
potential and electric field (a) at the mid-point of the line 
joining the two charges and (b) at a point 10.cm from this 
mid-point in a plane normal to the line and passing 
through the mid-point. (Text Problem) 

Sol. Here, g, = 1-5uC =15x 10°C; 

Gee 2b ue 2521020 

(a) The point P is mid-point of the line joining the two 

charges [Fig. 3.23]. 


1 
aaa 


Apa Suc hee Sg Bi 27 He 225 uC 
————_ _ (+ > 
A B 


ee O.C paar. Ch aa al 
Fig. 3.23 
Therefore, AP = BP = 15cm =0-15 m 


Potential at point P due to the two charges, 


1 4h ee 
=V,+Vg= + 
ba Say Ree (44 i 
oy 1g? | LOR 107” 25x10” BneoyeN 
si 0-15 ao ey aaa 
Electric field at point P due to charge qy, 
1-5x10° 
ee il a! : Gn = 9x 10° x iad ae ii 
4nm¢€, (AP)* (0-15) 
=6x10°NC"! (along PB) 
Electric field at point P due to charge qp, 
1 2-5x10° 
ue E80 x Ghee 
4m€, (BP) (0-15) 
=10°NC1! (along PA) 


Therefore, net electric field at point P due to the two 
charges, 
E=E,- 
=4x 10 (along PA) 
(b) The point Q is id a distance of 10 cm from the mid- 
point P ona plane normal to the line AB and passing through 
the point P [Fig. 3.24]. 


= 100 = 6 x 10° 
ree 


A B. 
9a=15uUC Jgp=25 uC 
i<——-15 cm —— 4-15, Cn] 
Fig. 3.24 


Now, AQ = BQ = 15? +10? =18cm=0-18m 
Potential at point O due to the two charges, 
VoNVatVep 


ae wae 1 vON , 4B 
An Eo AO” BO 


1:5x10~° 4, 25X10, a 


=9 x 10? 


0-18 0-18 
=2x10°V 
Electric field at point Q due to charge q,, 
1 1-5x 10° 
B= 7A 9.0109. goat sos 
4m&, (AQ) (0-18) 
= 4.167 x 1O NC1 (along AQ) 
Electric field at point Q due to charge qp, 


1 Ip DSc lO” 
B= = 5 = 9X 9 x Stein 
47€, (BQ) (0-18) 
= 6-944 x 10° NC (along BQ) 


The net electric field at point Q is given by 
E=(E,” +E,” +2E, Ep cos@)””, 
where @ is angle between the directions of E, and Ep. 


If Z AOP = 2 BOP =a, then@=2a_ 
In right angled A APQ, 
15 
tan a=Tqa bs or a= 56:3 


0 =56-3° x 2=112-6° 
and E =[(4-167 x 10°)? + (6-944.x 10°)? 


‘Ay 
+2x 4-167 x 10° x 6-944 x 10° cos 112-6°]2 


1 
= 10° x [17-364 + 48-219 + 57-871 x (-0-3843)]2 
= 658 x 10°N C1 

Suppose that the direction of E makes an angle B wit 
the direction of E,. Then, 
E, sin@ 
Ep + Ey cos @ 
“1 4-167 x 10° sin 112-6° 
6-944 x 10° + 4-167 x 10” cos 112-6° 
J 4-167 x 10° x 0-9232 
6-944 x 10° + 4-167 x 10° x (- 0- 3843) 
ie 3-847 
6-944 1-601 = 97198 
or {= 35-7° (with the direction of E,) 
Note. To find the direction of E w.r-t. the line AB, suppost 
that Z QBP = y. Then, 
y= 90° — @= 90° — 56-3° = 33-7° 
The resultant electric field is inclined at an angle y+ | 
i.e. 33-7° + 35-7° = 69-4° with the line AB joining the twe 
charges. 
Problem 3.20. An infinite number of charges eacl 


equal to q are placed along the X-axis at x=1, x =2 
x =4,x =8.....and soon. 

(a) Find potential at the point X = 0 due to this set o 
charges. 

(b) What will be the potential, if in the above set up 
the consecutive charges have opposite sign? (L1.T. 1974 

Sol. Suppose that charges 41, 4y, 93, gy «+-+--+ are placec 
at distances 1, 1,1 3, Ty, +++ from the origin. Then, potentia 
at the origin (x = 0) due to the system of charges, 


veg |Meta Bt bie | 
ANE) Tim toa, tig Oe 


(a) Here, eval: Baek =q 


tan B= 


ya teal acer Pore 
0 


1 F 1 ag iia 1 
= Ss si) oe on q - Soo 
4ne, |1 12) 4 8 41 & 
where ded pod fee Lea Nae 
a ke al 


i.e. sum of a geometrical progression, whose first term a =" 
and the common ratio r = 1/2. Therefore, 


Oe ayes ey 
We eee gk 
Hence, 4n€, q Dre, 


Agel as 

fae i-3 gata de 
happen diaper Ae Saal ping 
mbes eet Mares’ Fat v9 
47, 1-(-1/2) 6me, 


Problem 3.21. Fig. 3.25 shows a charge array known as 
an electric quadrupole. For a point P on the axis of the 
juadrupole, obtain the dependence of potential on distance 


forr/a>>1. (Text Problem) 
+q —4-q +q 
Ch) CO o 
A B RE 
le--- 4 -—-->}<----  --->| 
}«--------—- f === === =~ > 
Fig. 3.25 


Sol. The electric potential V at the point P due to electric 
uadrupole can be found by just adding the potentials at point 
’ due to the four charges forming the quadrupole. Thus, 

ve Bree h hull q 
47% EV AP =" BP Po BPO CP 


or Vi= 


1 (3 2 | 
g — + 
4TE, AbeabP? CP 
Here, AP=r+a;BP=randCP=r-a 


1 lt A re a 
4 ——+ 
Ane, r+a r r-a 


Ail thr =a) -2Mr* ~a*) +7 +a) 


yz 


4a £5 r (r? ~¢*) 
Renae Gs 
ANE, r(r? —a7) 
Sincer/a>>1 orr>>a; - the above expressin, a* can 


e neglected in comparison to ee 
1 2q a’ wes turdh 

“r(r?) 

Thus, for r /a >> 1, potential due to an electric 
uadrupole falls off as 1 / r°. 

Problem 3.22. Three point charges q, 2 q, 8 q are to be 

placed on a 0-09 m long straight line. Find the 
ositions, where the charges should be placed such that the 
otential energy of this system is minimum. In this 
onfiguration, what is the electric field at the charge q due 
0 the other two charges ? 

Sol. The potential energy of the system of three charges 
, 2 q and 8 q is contributed by the three pairs, which these 
harges form with one another. So that the potential energy 
f the system is minimum, the first condition is that the 
harges constituting the strongest pair i.e. charges 2 q and 8 q 
hould be at the largest separation and the smallest charge 
hould be between them. Therefore, the charges should be 


47 €) 


placed as shown in Fig. 3.26. 


2q q 8q 
o_o 
A B Cc 
== 7 --—— p}e-------- 0°09 -r------- >| 
Fig. 3.26 
Thus, the distance between the charges 2 q and 8 q, 
AC = 0-09 m 


Let AB = r. Then, BC = (0-09 - r) 
The potential energy of the system 


1 eae _ 2989) | 


41, AB BC AC | 
= 1 a2g* u PRR = 8 
4A TE, r (0:09-r) 0-09 
1 2 
= -2q7-x, 
ANE 9 
1 4 8 
where x=—+ + 
r (0-09-r) 0-09 


The potential energy will be minimum, if x is minimum 


aah 4 8 
1.€. dx =0 or ber “a5 


¥E dr\r (0:09-r) 0-09 
4 1 4 
2: Varn aie aeeapag yes Ue er 7 
r (0-09 —1r) r~ (0-09-71) 
or r= 0-03 m 


The electric field at point B (the position of charge q) 

Ligh @ cL d q(8 q) 

7 Ege 4 2 aS 
TE, (0-03)? Ane, (0-06) 

Problem 3.23. In a bydiagen atom, the electron and 

proton are bound at a distance of <Lout 0-53 A. 

(a) Estimate the potential energy of the system in eV, 
taking the zero of potential energy at infinite separation of 
the electron from proton. 

(b) What is the minimum work required to free electron, 
given that its kinetic energy in the orbit is half the magnitude 
of potential energy obtained in (a) ? 

(c) What is the answer to (a) above, if the zero of 
potential energy is taken at 1-06 A separation ? 

(Text Problem) 
=-16x10%C; 
charge on proton = q, = 1-6 x 10-1 C 
distance between electron and proton, 

Ty = 0:53 A =0-53 x 10719 m 
(a) Potential energy of system, 
Meir gt 7 
4n Ey ho 
(-1-6 x 10°”) x1-6x 10°? 


0-53 x 10719 
= — 43-47 x 10°19J 
43-47 x 107!? 


spin ore aaa 


At infinite separation, potential energy is zero. Therefore, 
if zero of potential energy is taken at infinite separation, 
potential energy of the system = — 27-17 —0 = - 27-17 eV 


E=E, 


Ans. Here, charge on electron, q, 


=9x 10? x 


(b) The magnitude of kine c energy of electron always 
positive) is half of the potential energy. 

Therefore, K.E. of electron = ae = 13-585 eV 

Therefore, total energy of electron 

=— 27-17 + 13-585 = — 13-585 eV 
Therefore, work required to free the electron 
—(- 13-585) = 13-585 eV_ 

(c) Potential energy of system at 1-06 A (= 1-06 x 10-!°m) 

separation, 


(-1:6 107!) x1-6 x07? 


U'=9 x 109 x =10 
1-06 x 10 
=-21-74x 10-19J 
_ 21-74 4 
= eV =-eageio eV 
1-6x107 


If — 13-585 eV is taken as zero of potential energy, then 
potential energy of the system 
= — 27-17 — (— 13-585) = — 13-585 eV 

aeh Problem 3.24. A molecule of asubstance has permanent 

electric dipole moment equal to 10-2? C m. A mole of 
this substance is polarized (at low temperature) by applying 
a strong electrostatic field of magnitude 10° V m“!. The 
direction of the field is suddenly changed by an angle of 60°. 


, by i oi 
dipoles along the new direction of the field. For simplicity 
assume 100% polarization of the sample. 


(Text Problem) 
Sol. Here, strength of electrostatic field, E = 106 V m“! 
Electric dipole moment of a molecule, p = 10-7? Cm 
In one mole, there are piplegucs equal to Avogadro 
number N (= 6-023 x 1073 mole~!). 
Therefore, electric dipole moment of one mole of 
substance, 
N p = 6-023 x 1073 x 10-2? = 6.023 x 106 C m 
When the substance is completely polarised, the electric 
dipole moment is along the direction of the electric field i.e. 
G20": 
Therefore, initial potential energy of the molecular 
dipoles, 
U, =(N p) Ecos 8 = 6-023 x 10 x 10° x 1 = 6-023] 
When the direction of the electric field is changed by 60°, 
then final potential energy of the molecular dipoles, 
U, = (N p) Ecos 60° = 6-023 x 10° x 10° x 0:5 
= 3-012 J 
The loss in potential energy of the dipoles is released as 
the heat. 
Therefore, heat released, 
U, — Up = 6-023 — 3 - 012 = 3-011 J 


Q. 3.01. What is the work done by the field of a nucleus 
in a complete circular orbit of the electron ? What, if the 
orbit is elliptical ? 

Ans. In either case, work done by the field is zero. It is 
because, 

3 OF 
E .dl=0 

Q. 3.02. A charge 5 #C is placed at a point. What is the 
work required to carry 1 C of charge once round it in a circle 
of 12 cm radius ? 

Ans. It is zero. It is because, all the points on the circular 
path are at same potential. 

Q.3.03. Whatwould be the work done, ifa point charge 
+qistaken froma point A toa point B onthe circumference of 
acircle drawn with another point charge +q at the centre? 

(C.B.S.E. 2001 S) 

Ans. Since points A and B are at the same distance from 
the charge + q placed at centre of the circle [Fig. 3.27], the 
points A and B are at same potential. 
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Fig. 3.27 


Hence, work done in taking a charge + q from point A 
to B is zero. 


Q. 3.04. What is the work done in moving a 2 uC 
point charge from corner A to corner B of a square ABCD 
[Fig. 3.28], when a 10 uC charge exists at the centre of the 
square ? (C.B.S.E. 1998 S) 


Fig. 3.28 

Ans. The points A and B are at the same distance from 
10 uC charge. Since V, = Vp, no work will be done in moving 
a 2 uC charge from point A to B. 

Q. 3.05. A uniform field E exists between two charged 
plates as shown in Fig. 3.29. What would be the work done 
in moving a charge q along the closed rectangular path 
ABCDA ? (C.B.S.E. 2001 S) 


Fig. 3.29 


Ans. It is zero. 
Also refer to SAQ 3.04. 


two points. Is it scalar or vector ? 
(BS:S.G.B. 2001 )\H-S.S.C.E: 1996) 

Ans. For definition, refer to section 3.03. 

Electric potential difference is a scalar quantity. 

Q. 3.07. 5 J work is done in moving a positive charge 
of 0-5 C between two points. What is the potential 
difference between these points ? LSC Foeel G95) 

Ans. Now, Vp - V, = Wap. an 2s = 10 volt 
o 0-5 

Q. 3.08. A charge of 2 C moves between two plates 
maintained at a potential difference of 1 volt. What is the 
energy acquired by the charge ? (I.S.C.E. 1994) 

Ans. Energy gained by charge = V.qg=1x2=2J 

Q. 3.09 If a point charge + q is taken first from A to C 
and then from C to B of a circle drawn with another point 
charge + g as centre, then along which path more work 
will be done ? (C.B.S.E. 2001 S) 

Ans. As explained in VSAQ 3.03, points A and B are at 
same potential [Fig. 3.30]. It follows that 

Ve-Va=Vce- Vp 


oo) a, 


+] e 


eed 


Fig. 3.30 

Hence, work done in taking a point charge from A to C 
or from C to B will be the same. : 

Q. 3.10. Define electric potential at a point in an electric 
field. (P.S.S.C.E. 2001 ; I.S.C.E. 1998) 

Ans. Refer to section 3.04. 

Q.3.11. Is electric potential ascalaroravector quantity ? 

Ans. It is scalar quantity. 

Q. 3.12. Define the unit of electric potential. 

(P.S.S.C.E. 2002, 2000, 1999, 1998 S) 

Ans. It is volt. For definition, refer to section 3.04. 

Q. 3.13. Name the physical quantity, whose SI unit is 
joule coulomb=!. (C.B.S.E: 1998) 

Ans. Electric potential or potential difference. 

Q. 3.14. How is electric field at a point related to 
potential gradient ? 

Ans. Electric field at any point is equal to the negative 
of potential gradient at that point 2.e. 


3 ise 


Q. 3.15. In a certain 0-1 m° of space, electric potential 
is found to be 5 V throughout. What is the electric field in 
this region ? tS, S.@.E°1997) 


dV 
Ans. Now, E=-— 
dr 


As electric potential is 5 V throughout i.e. constant, 
electric field in the region will be zero. 
Q. 3.16. The electric potential is constant in a region. 
What can you say about electric field there ? 
(H.S.S.C.E. 2001 ; H.P.S.$.C.E. 1998 S) 


*. potential also discontinuous there ? 


Ans. We know, E=-—- 
dr 


Since V is constant, electric field is zero. 

Q. 3.17. If the electrostatic field at a given point is zero, 
must the electrostatic potential be also zero at that point ? 

Ans. No. Electric potential may be zero or constant at 
that point. 

Q. 3.18. Two protons A and B are placed between two 
parallel plates having a potential difference V as shown in 
the Fig. 3.31. Will these protons experience equal or unequal 
force ? (C.B.S.E. 1998) 


Be 


levine “it 


t+etttettet tt 


Fig. 3.31 

Ans. The electric field due to the potential difference V 
applied across the two parallel plates of the capacitor is same 
everywhere. Hence, two protons A and B will experience 
equal force. 

Q. 3.19. We know that electric field is discontinuous 
across the surface of a charged conductor. Is electric 
(Text Question) 

Ans. No, electric potential is continuous. 

_Q. 3.20. What is an equipotential surface ? 
(P5006, 2004, 2000, 1999, [995 S, 1997 ; 
TI-S,9AC. G1 997 39) 

Ans. Any surface, which has same electrostatic potential 
everywhere, is called an equipotential surface. 

Q. 3.21. What is the shape of equipotential surfaces for 
a given point charge ? (PS:SiGE. 2001; C.B.S.E. 1995) 

- Ans. For a-point charge, the equipotential surfaces are 


concentric spherical shells, whose centres are located at the 


given point charge. 
Q. 3.22. What is the shape of equipotential surfaces for 
a uniform electric field ? (P.S.S.C.E. 2001) 
Ans. For a uniform electric field, equipotential surfaces 


‘are planes at right angle to the direction of electric field. 


Q. 3.23. How much work is done in moving a charge 
500 uC charge between two points on an equipotential 
surface ? (C.B.S.E. 2002, 2000, 1996 ; H:P.S.S.C.E. 2002) 

Or 

No work is done in moving a test charge over an 
equipotential surface. Explain, why. (PS:S.CE, 2001) 

Ans. As the two points on an equipotential surface are 
at the same potential, no work is done in moving a charge 
between two points. 

Q. 3.24. A charge of +1 C is placed at the centre of a 
spherical shell of radius 10 cm. What will be the work done 
in moving a charge of +1 uC on its surface through a 
distance of 5 cm ? Tio. 0: ue. LITO o) 

Ans. It is zero. 

Q. 3.25. What is the direction of electric field w.r.t. an 
equipotential surface ? 

Ans. It is along the normal to the equipotential surface. 


potential energy ? 

Ans. Work done in putting the charges at their present 
locations gets stored in the configuration as its potential 
energy. 


Q. 3.01. Work done in moving a test charge between 
two points in an electric field is independent of the path 
followed. Comment. 

Ans. The work done in moving a test charge between 
two points in an electric field is independent of path i.e. the 
work done depends only on the location of initial and final 
positions of the charge. In fact, it is true for all the fields 
obeying inverse square law. 

Q. 3.02. A positive charge + q is located at a point. 
What is the work done, if a unit positive charge is carried 
once around this charge along a circle of radius r about 
this point ? (L.1.T. 1974) 

Ans. The potential at each point on the circular path 
around the charge are at same potential i.e. potential 
difference between the initial and final position is zero. 

Therefore, work done, W = V x g=0x 1=0 

Q. 3.03. If a point charge be rotated in a circle of radius 
r around a charge q, what will be work done and why ? 

(P59. 1990) 

Ans. Refer to SAQ 3.02. 

Q. 3.04. The intensity of an electric field inside a 


is 
capacitor is E . Calculate the work needed to move a charge 
q along a closed rectangular path ABCD [Fig. 3.32]. 


Fig. 3.32 


a 
Ans. Force on charge q in electric field E ,F. =4 E 
Work done to move charge q along path ABCD, 
W Wap Weet Wept Wp, 
> SS oS > = > SF 


=qE.AB+qE.BC+qE.CD+qE.DA 
= q E{AB) cos 0° + g E (BC) cos 90° 
+ q E (CD) cos 180° + qg E (DA) cos 90° 
= q E (AB) + 0 +q E (CD) (-1) +0 
= q E (AB) —q E(CD)= 
Q. 3.05. Fig. 3.33 (a) and 3.33 (b) show the field lines 
of a single positive and negative charge respectively : 
(i) Give the sign of the potential difference Vp - Vo 
and V, - 
(ii) Give the sign of the potential energy difference of a 
small negative charge between the points Q and P; Aand B. 


~~ 


3.27. When is the potential energy of an ele 

dipole maximum, when placed in uniform electric field ? 
Ans. The potential energy of an electric dipole is 

maximum, when it is aligned antiparallel to electric field. 


: | FREQ UENTLY ASKED SHORT ANSW ER QUESTIONS... 


: With Answers/Hints 

(iii) Give the sign of the work done by the field in 
moving a small positive charge from point Q to P. 

(iv) Give the sign of the work done by an external 
agency in moving a small negative charge from point B 
to A. 

(v) Does the kinetic energy of a small negative charge 
increase or decrease in going from point B to A? 

(Text Question) 


Fig. 3.33 (a) 


Fig. 3.33 (b) 

Ans. (i) In Fig. 3.33 (a), as the field is due to positive 
charge, Vp — Vo =, 0: 

In Fig. 3.33 (b), as the field is due to negative charge, 


Va — Vg <0 or Vg - Va > 0. 

(ii) The potential energy of a negative charge at point 
Q will be negative and at point P, it will be still more negative. 
Therefore, 

(PE) — (P-E.)p > 0 

For similar reasons, 

(PE.), — (PE.)p > 0 

(iii) Asmall positive charge will tend to move from point 
P to Q and the work done by the field in moving the charge 
from point P to Q will be positive. Therefore, work done by 
electric field in moving a small positive charge from point Q 
to P will be negative. 

(iv) For the reasons as given in (iii), work done by 
external agency in moving small negative charge from B to 
A will be positive. 

(v) As the potential energy of the negative charge » 
increases, kinetic energy of the negative charge decreases in 
going from point B to A. 

Q. 3.06. A. point charge q is placed at O as shown in Fig. 
3.34. Is V, — Vg positive, negative or zero, if is a (i) positive, 
(ii) negative charge ? (C.B.S.E. 2001 S) 


q Va Ve 
eee 
O A B 
Fig. 3.34 
Ans. Let 


A 
ba thi 2 : 2) 
4m &, tr tp 
Since ra < rp, 8 i. , = a positive quantity. It follows 


(i) if q is a positive charge, V, — Vp = positive 
(ii) if q is a negative charge, V, — Vz = negative 
Q. 3.07. The electric potential at 0-1 m from a point 
ge is 50 V. What is the magnitude of the charge ? 
(PS.$:C.E 1998S); Ed.8.$:C;E.<1992) 
Ans. Here, V = 50 volt; r=0-1m 


Now, 


Q. 3.08. Define electric potential at a point. When kept 
n electric field does a proton move from lower to higher 
ntial or from higher to lower potential region ? 

(C.BIS:E. 1997) 

Ans. For definition of electric potential, refer to section 


In an electric field, a proton (positive charged particle) 
move in the direction of electric field i.e. from the higher 
wer potential region. 

Q. 3.09. Is the electrostatic potential necessarily zero 
point, where the electric field strength is zero ? Give 
xample to illustrate your answer. 

Ans. If the electric field strength is zero at a point, the 
trostatic potential is not necessarily zero at that point. For 
nple, at a point midway between two equal and similar 
ges, the electric field strength is zero but the electrostatic 
ntial is twice that due to a single charge. 

Q. 3.10. Derive an expression for the potential at a 
it along the axial line of a short electric dipole. 

(C.B.S.E. 2001 S) 

Ans. Fig. 3.35 shows an electric dipole consisting of 
ges — gq at point A and + q at point B. Let P be any point 
he axial line of the dipole at a distance r from its centre. 


ig +q 
@——_ +9 -------- ' 
A Oo B P 
e-—: A -->1«-- 4 -->| 
}«-------- >| 
Fig. 3.35 


If 2 ais length of the dipole, then 
PA=r+aandPB=r-a 
Electric potential at point P due to the dipole, 


uh maemo 


~ Ane, PA 4ne, PB 
ed rales ss aealetios ts st hited bbedeede Ben 
Ane. (r+a) ANE, (r —a) 


a 1 (r+a)—(r—a) 
47 €, (72 — a2) 
1 p 


or 


4 47 E, : (r2 —@q*) 
For a dipole of short length, a* can be neglected as 
compared to r?. Then, 


*) Weeding 
4, ‘2 
Q. 3.11. Show mathematically that the potential at a 
point on the equitorial line of an electric dipole is zero. 
(C.B:S.E 2001S) 
‘Ans. Fig 3.36 shows an electric dipole consisting of 
charges — q at point A and + q at point B. 


- 
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Fig. 3.36 
Let P be at point on the equitorial line of the dipole. 
Then, PA = PB = r (say) 
Electrical potential at point P due to the dipole, 
LILA 1 Dh Ee 


Ane PA 4ne, PB 
ane dhe Dg ophati ds 
BITE, OT Ames tie. 


Q. 3.12. What is an equipotential surface ? Give two 
properties of equipotential surface. (FS:5°C'E>2001) 
Ans. Equipotential suzface. Refer to section 3.09 

Properties of equipctextial surface. Refer to section 
SU: 

Q. 3.13. What is an equipotential surface ? Show that 
the electric field is always directed perpendicular to an 
equipotential surface. (CBOE. 2001 5) 

Ans. Equipotential surface. Refer to section 3.09. 


Let E be electric field at a point on equipotential surface. 
Then, small work done in moving a test charge qy through a 


small displacement ap along the surface, 


> 29> > = 
dW = F.dr =(—q E).dr 
Since work done in moving a test charge along an 
equipotential surface is always zero, 


= > a 
(-q, E).dr=0 or E.dr=0 
Hence, electric field is directed perpendicular to the 
surface. 
Q. 3.14. Show that the amount of work done in moving 
a test charge along the equipotential surface is zero. 
(EP S-5.C.b. Loy) 
Ans. Refer to section 3.10. 


Hal sc je 


; 5 always al rig Fed les equi potentia fac es shown in : k .37, the lines o 
to the equipotential surface ? Give reasons. will be as shown in Fig. 3.38. 
(P.S.S.C.E. 2001) 
Ans. The work done in moving a test charge between 
two points on an equipotential surface can be zero, only if ils 
electric field is at right angles to the equipotential surface. 
Q. 3.16. Ne two equipotential surfaces intersect each pet 
other. Why ? Explain. (P.S.S.C.E. 2001) 
Ans. Refer to section 3.10. 


Q. 3.17. Draw one equipotential surface (i) in a uniform M4 
electric field and (ii) for a point charge (Q < 0). Fig. 3.37 Fig. 3.38 
(P.S.S.C.E. 2001) The intensity of electric field is highest in the regic 
Ans. (i) In a uniform electric field, the equipotential | where the equipotential surfaces are closest to each othe 
surface is a plane at right angle to direction field [Fig. 3.10]. Q. 3.20. Distinguish between electric potential a 
(ii) For a point charge, equipotential surface is a spherical potential energy and state the relation between these. 
shell with the charge lying at the centre of the shell [Fig. 3.11]. (PS.S.C.E: 1996 
Q. 3.18. What will be the equipotential surfaces Ans. For definitions of electric potential and potent 
corresponding to energy, refer to sections 3.04 and 3.12. 
(i) a constant electric field in the Z-direction ? Electric potential due to a charge q, at a point P 
(ii) a field that uniformly increases in magnitude but distance r is given by 
remains in the same direction (say Z-axis) ? Rk | 1 
(iii) a single positive charge at the origin ? 47 E or 
(tv) a uniform grid consisting of long equally spaced If another charge q, is placed at observation point P, tk 
parallel charged wires in a plane ? potential energy of the system of the two charges is given 
Ans. (i) For a constant electric field in the Z-direction, 1 14 1 q 
equipotential surfaces will be planes parallel to XY- plane. U= ALE . ABS 92 
(ii) In this case also, the equipotential surfaces will be Tonal F Sp iol ai FEacty' 
ines parallel to XY-plane. However, as field increases, such = electric potential due to charge q, 
planes will get closer. at the location of q, ~ 
(iii) For a single positive charge at the origin, the Q. 3.21, What do you mean by potential energy of 
equipotential surfaces will be concentric spherical shells _ electric dipole, when placed in electric field ? 
‘ aving origin as their common centre. Ans. An electric dipole always tends to orient itself alc 


(iv) Near the grid consisting of long equally spaced _ the direction of electric field. Work has to be done in rotati 
parallel charged wires, the equipotential surfaces will have the dipole to some other orientation and this work done 
varying shapes. At far off distances, the equippiential rotating the dipole gets stored in the ig in the form of 


surfaces will be planes parallel to the,grid. potential energy. | 

Q. 3.19. The equipotential surfaces of a certain sCeiic -“ Q. 3.22. What does the negative sign in the expressi 
field are shown in Fig. 3.37. It is known that V, > V5. Use for potential energy (U = — p E cos 0) signify ? 
this pattern to reproduce approximately the lines of force Ans. While deriving the expression for potential ener 
of this field. Also indicate the region in which the intensity _ the potential energy of the dipole is taken as zero, when i 
of the electric field is highest. oriented perpendicular to the direction of the electric fie 


Ans. The lines of force are everywhere perpendicular many other orientation between @ = 0° to@ = 90°, the poten 
to the equipotential surfaces and are directed in the energy of the dipole is less than zero and hence the negat 
direction of decreasing potential. Likewise, for the S1gn. 


For ambitious, Prilliant & Curious Students 


Q. 3.01. ‘Work done to move a charge along a closed 

path inside an electric field is always zero.’ Use this 
fact to prove that it is impossible to produce an electric field 
in which all the lines of force would be parallel straight lines 
and the density of their distribution would constantly 
increase in a direction perpendicular to the lines of force 
[Fig. 3.39]. 

Ans. Suppose that a charge q is moved along a closed 
path ABCD inside the electric field [Fig. 3.40]. Since work 
done to move a charge q along a closed path inside an electric 
field is zero, 

Wapt Wec + Wep t+ Wpa = 9 


Fig. 3.39 Fig. 3.40 
Since electric field is perpendicular to paths BC and L 
Wac = Wpa = 0- 


CD 

But for the Sante field shown in Fig. 3.40, work done to 
ve a charge along paths AB and CD can not be equal in 
enitude. As the lines of force are closer to each other near 
path CD, intensity of electric field is more along path CD 
n along path AB. Therefore, work done to move the 
nge q along the path CD will be more than that along the 
h AB. Thus, work done to move a charge along a closed 
h cannot be zero for the electric field as shown in Fig. 3.39 
| hence, it is impossible to produce an electric field shown 
he figure 

Q. 3.02. Prove that if the lines of force are shaped like 

arcs of concentric circles with their centre at point O 
certain section of an electric field [Fig. 3.41], the intensity 
the field in this section at each point is inversely 
portional to its distance from point O. 

Ans. Consider a closed path ABCD in the electric field, 
h that paths AB and CD are circular arcs of radiir, and r, 
pectively as shown in Fig. 3.42. 


Fig. 3.41 


Fig. 3.42 
Suppose that a charge q is moved along the path ABCD, 
on, 


Waspt Wect Wop t+ Wp, = 9 wac{i) 
As electric field is perpendicular to paths BC and DA, 
Wec =Wpa=0 
Therefore, equation (1) becomes - 


Let E, and ES be electric fields along pathsAB and CD 
pectively. Then, 


> = 
Wap = Ey - (AB) = q E, (AB) cos 0° 
= q E, (AB) =q E, (r, ®) 
> = 
Wop = 7E, . (CD) =q4 E, (CD) cos 180° 
=—qE, (CD) =-q E, (rp @) 
Substituting for Wap and Wcp in equation (ii), we have 
q By (7, ) —q Ey (1, ) = 0 
Ey sf) 1 


or —=—- or E«- 
E> Y yr 


1. Find an expression for line integral of electric intensity. 
(H.S.S.C.E, 2001) 
2. Derive a relation for the work done in moving a charge in 


an electric field. (P.S.S.C,E. 1998) 


REQUENTLY ASKED SHORT ANSWER QUESTIONS 


Q. 3.03. Two point charges +q and — q are separated by 
a distance d. Where besides at infinity is the electric 
potential zero ? 

Ans. Suppose that electric potential is zero at the point, 
which is at a distance r, from charge + q and r, from charge 
—4. Then, 

a wath hii Neaap 
4@€, % $478 

All such points for which r, = r, lie on a plane, which is 
right bisector of the line joining the two charges. 

‘eur Q. 3.04. Two small charged bodies ineract in air with 

a force E What will the force of interaction between 
these bodies be after they are placed in a dielectric of 
permitivity K, if their potentials are kept the same as they 
were in air ? 

Ans. Suppose that the two charged bodies possess 
charges q, and q, and are placed in air at a distance r apart. 
The force between the two charged bodies in air is given by 

L .goftlA2 
OP ids ..-(7) 

When the charges are placed in dieicctric of permitivity 
K, the potential due to each charged body will decrease by a 
factor K. In order to keep their potentials same, the charges 
on the two bodies should be increased K times 7.e. the two 
bodies should possess charges K q, and K q, respectively. 
Then, the force between the two charged bodies, when placed 
in dielectric is given by 

ae 1 Ka RD «/ 1 ge) 
y2 
...{11) 


=0 or N=" 


4ne,K r? Ame, 


From equations (i) and (ii), it follows that 
F’=KF 

Q.3.05. Two charges 27C and —2yC are placed at points 

A and B 6cm apart. (a) Identify an equipotential surface 
of the system. (b) What is the direction of the electric field 
at every point on this surface? (Text Question) 

Ans. Fig. 3.43 shows two charges of 2 uC and — 
located at points A and B, such that AB = 6 cm. 


th EQUIPOTENTIAL 
SURFACE 


2uC 


—2 uC 


Fig. 3.43 
(a) For the given system of two charges, the equipotential 
surface will be a plane normal to the line AB joining the two 
charges and passing through its mid-point O. On any point 
on this plane, potential is zero. 
(b) The electric field is in a direction from point A to point 
B i.e. from positive charge to negative charge and normal to 


the equipotential surface. 


Carrying 3 Marks 


3. Show that the work done in moving a unit charge along a 
closed path is zero. (H.P.S.S.C.E. 2000) 
4. Derive an expression for electric steep ata ye nea due 
to a point charge. 


Define electric potential at a point. Is it a scalar or a vector 
quantity ? Derive an expression for the potential at a point 
due to a point charge. 
Derive an expression for the electric potential at a point 
along the axial line of an electric dipole. 

(C.B.S.E. 2002, 2000 ; P.S.S.C.E. 2001) 
Define electric potential. Deduce an expression for the 
electric potential at a point at distance r from a point charge 
(q > 0). (C.B.S.E. 2001) 
Find an expression for electric potential due to an electric 
dipole. (FSS: Gra 2001) 


Define potential gradient. Obtain the relation between 
electric field and potential gradient at a point in the electric 
field. 


Show that the line integral\of electric field intensity 
between any two points depends only on the position of 
these points and is independent of the path followed 
between these points. 
(F.PS.S.C E2002; P:SiS:C.E1993) 
Show that work done in moving an electric charge between 
two points in the electric field of a point charge is 
independent of the path along which the charge is moved. 
(PS.S.C.E.:1992) 
Define potential difference between two points in an 
electric field. Hence, obtain expression for it. 
Define the potential difference between two points in an 
electric field and derive an expression for it. Also give SI 
unit of potential difference. (23,0.G5E.1999, 5) 


Define potential difference between two points in an 
electric field. Derive the relationship between electric field 
and the potential difference. 


Type A. On Potential difference and Work done in 


1. 


moving a charge 


60 J of work must be done to move electric charge equal HY 


to 5 C from a point, where potential is +20 V to another 
point, where potential is V volt. Find the value of V. 
[Ans. 32 V] 

10 joule of work must be done to move a charge of — 200 
C from the point A to point B. 
(i) Which of the two points is at higher potential ? 
(ii) What is the potential difference ? 

[Ans. (i) A; (ii) 0-05 V] 


Type B. On Potential due to point charges 


De 


The potential at a point 0-1 m from an isolated point charge 
is +100 volt. Find the nature and magnitude of the point 
charge. [Ans. 1-11x 10-? C (positive)] 
What is the electric potential at the surface of an iron 
nucleus ? The radius of the nucleus is 4-2 x 107 m and the 
atomic number is 26. [Ans. 8-91 x 10° V] 
The electric field at a point due toa point charge is 20 NC! 
and the electric potential at that point is 10 J C-!. Calculate 
the distance of the point from the charge and the mangitude 
of the charge. (C.B.S.E. 1996) 

[Ans. 0-5 m ; 5-56 x 101 C] 
The potential at a certain distance from a point charge is 
600 volt and the electric field is 200 N C1. Find 


7 ap FREQUENTLY ASKED LON 


11. 


12. 


13. 


14. 


6 


x 

be the shapes of squipotential surfaces in case of a unifor 
field and a point charge ? Discuss. 
What do you mean by potential energy of the config 
ration of two electric charges ? Derive expression fo! 
system of two point charges lying at distance r. 
Derive expression for potential energy of a system of tv 
point charges and find its relation with electric potent 
of a charge. (2-.S,8.C.E.:2000,.198 
Derive an expression for the total work done in rotati 
an electric dipole through an angle @ in a uniform elect 
field. (C:B.S.B. Lae 
Derive an expression for the potential energy of an elect 
dipole in uniform electric field. 

(ELS.S°E.C. 2000, 1994 7'P.S.S:C.E. 1995 


ER QUESTIONS > 
Carrying 5 Marks 


- Show that electric potential can be represented as li 
integral of an electric field. (HuS-S.C.Et 198 


7. Obtain an expression for the electrostatic potential ai 


point in a space due to an electric dipole consisting 


charges + q at (0, 0, 4 and — q at (o, 0,- = 


8. Obtain expression for potential energy of the configurati 
of three charges. Hence, generalise the result for a syste 
of n point charges. 

9. Derive expression for potential energy of an electric dip¢ 
placed in a uniform electric field. (HP Sx5.C.E. 200 

10. What is meant by potential energy of an electric dipo 


when placed in an external electric field ? Show that t 
potential energy U of an cleetrie dipole of dipc 


moment p in a uniform field Eis given by 


Thal BE 


KED NUMERICAL PROBLEMS > 


For Practice 


(i) the distance of the point from the charge ; 
(ii) the magnitude of the charge. [Ans. 3m ;2 x 10-7 


» .7.» Aspherical oil drop of raidus 10+ cm has on it at a cert 


time a charge of 40 electrons. Calculate the energy tt 
would be required to place an additional electron on t 
drop. Charge on an electron = 1-6 x 10-!9 C. 

[Ans, 9-22 x 10-71 


Type C. On Potential due to group of charges 
8. Two charges equal to + 20 wC and — 10 uC are placed 


points 6 cm apart. Find the value of the potential at a poi 
distant 4 cm on the right bisector of the line joining the ty 
charges. [Ans. 1-8 x 10° 


9. ‘Two tiny spheres carrying charges 1-5 wC and 2-5 uC a 


located 30.cm apart. Find the potential and electric field 
the mid-point of the line joining the two charges. 


[Ans. 2-4 x 10° V, 4-0 x 10° N C+ (from 2:5 uC to 1-5 uC 


10. Two charges of values 50 uC and 100 “C are piaced a 


i 


distance of 6 cm apart. Find the field and potential a 
point (between two charges) 2 cm from the charge of val 
50 uC. 
[Ans. 5. 625 x 108 N C7! (from 50 uC to 100 uC), 4-5 x 107 
Two point charges, each of 3 x 10~? C located at the tv 
vertices of an equilateral triangle of side 20 cm. How mu 
work must be done to bring a charge of 10-? C upto t 
third corner of the triangle from infinity ? 
[Ans. 2-7 x 1077 


The sides of a rectangle ABCD are 15 cm and 5 cm. Two 
point charges of + 2uC and — 5 uC are placed at the corners 
Aand C respectively [Fig. 3.44]. Calculate the work done 
in carrying a charge of 3 uC from point B to D. 


+2 uC skier, [Ans. 2-52 J] 
A B 
5cm 
D Cc 
—5 uC 
Fig. 3.44 


pe D. On Potential gradient and electric field 


13. 


A small particle carrying a negative charge of 1-6 x 10"! 
C is suspended in equilibrium between the horizontal 


_ metal plates 5 cm apart, having a potential difference of 


3000 volt across them. Find the mass of the particle. 
[Ans. 9-8 x 10-16 kg] 
What is the potential gradient (in V m~!) at a distance of 
10-!? m from the centre of the platinum nucleus ? What 
is the potential gradient at the surface of the nucleus ? 
Atomic number of platinum is 78 and the radius of 

platinum nucleus may be taken as 5 x 10-5 m 

[Ans. 1-123 x 107 V ml; 4-493 x 107! V m“}] 
The electric potential V (x) in a region along the X-axis 
varies with the distance x (in metre) according to the 
relation V (x) = 4 x*. Calculate the force experienced by a 
1 uC charge placed at pointx=1m. (PS.S.C.E. 1999 S) 
[Ans. — 8 x 10° N] 
In problem no. 2, if the points are 4 cm apart, what is the 
component of the electric field parallel to the line joining 
the points A and B. [Ans. 1-25 V m1] 


pe E. On Poiential energy of a system of charges 


17. 


4. 
5. 
6. 
Te 


In the nucleus of gus, two protons are at a distance of 


6 x 10-1 m. Calcualte their electrostatic potential energy. ’ | 


[Ans. 3-84 x 107! J] 
Two point charges equal to + 4 wC and + 2uC are 12 cm 
apart. What is the amount of work done to bring them 


Proceed as in solved problem 3.01. 
(i) Since work is done in moving a negative charge from 
point A to B, point A is at higher potential. 
0 
300 = 0-05 V 
at 
ANE 1 


Gi) V, -Vp= 


Now, V = 


0-1x 100 
9x10? 


Proceed as in solved problem no. 3.02. 
Proceed as in solved problem no. 3.05. 
Proceed as in solved problem no. 3.05. 


Charge on drop, q = 40 e = 40 x 1-6 x 10°17 = 6-4 x 10°83 C 
radius of drop, r= 104 cm = 10% m 
Potential at the surface of the drop, 
1 q_9x10°x6-4x10"™ 


or. q=4n8@)rV= = 1-11 x 10~° C (positive) 


of Ame boil : 107 = 5-76 x 102 V 
Energy required to place an additional electron on the 
drop, 

W=V x e=5-76 x 10 x 1-6 x 10719 = 9.22 x 10771 J 


Here, Gq, = +20 pC =20x 10°C, 


9; 


20. 


21. 


ey oe 


23. 


closer through a distance of 3cm? — [Ans. 0-2 J] 
There charges — q, Q and ~q are placed at equal distances 
on a straight line. If the potential energy of the system of 
three charges is zero, then what is the ratio of Q: q? 

[Ans. 1 : 4] 
Three points charges + q, + 2q and Qare placed at the three 
vertices of an equilateral triangle. Find the value of charge 
Q (in terms of q), so that electric potential energy of the 
system is zero. [Ans. — 2 q/3] 
Find the electrostatic potential energy of the configuration 
of four charges + g,—q, +g and —g placed at the four corners 
A, B, C and D of a square of side r. 


1 gW2-4) 


Ans. 
47 & r 


Two isolated metallic solid spheres of radii R and 2 R are 
charged, such that both of these have same charge density 
o. The spheres are located far away from each other and 
connected by a thin conducting wire. Find the new charge 


5 
(LLT. 1996) [Ans. 6 o] 


Two electrons are moving towards each other, each with 
a velocity of 10° m s~!. What will be closest distance of 
approach between them. [Ans. 2:53 x 10710 m] 


density on the bigger sphere. 


bitin) :On potential energy of an electric dipole 


25: 


Anelectric dipole of length 2 cm is placed with its axis mak- 
ing an angle of 30° to a uniform electric field of 10° NC-". If 


it experiences a torque of 10 J3 N m, calculate (ji) the 


magnitude of the charge on the dipole and (ii) potential 
energy of the dipole. (C.B.S.E. 2000) 
[Ans. () V3 x10-* C (i) -30J] 
An electric dipole consists of two opposite charges each of 
magnitude 6 x 10 coulomb separated by 6-0 cm. The 
dipole is placed in an external electric field of 5 x 10° NC. 
(i) What maximum torque will the field exert on the 
dipole ? (ii) How much work will an external agent have to 
do in turning the dipole through 180°, starting from the 
position 0 = 0° ? 
[Ans. (i) 1-8 x 10 “13 N m; (ii) 3-6 x 10 —19 J] 


SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FOR PRACTICE 


9p =- 10 wC=-10x 10°C, 
AB = 6 cm, OP = 4.cm. 


Pp 
Aix 
Yay MNS 
Pf 
As baat 
Ki i \ 
/ i \ 
/ i \ 
/ 1 \ 
/ H \ 
f, 4cm\ 
/ \ 
/ } \ 
/ i \ 
/ 1 \ 
/ { \ 
vf i \ 
/ : \ 

A a O (-)B 
Ip Ip 
je------- 6cm ------- >| 

Fig. 3.45 


AP = BP =,/37+42 =5cm=0-05m 


1 
Potential at point P, V = tO A OA aig 


4m€ AP 42€ BP 
1 qatqp _ 9X10’ (20x10 °—10x 10°) 
Ant) AP _ 0-05 
=1-8 x 10°V 


10. 
11. 


pe 


13. 


14. 


15. 


Here, q, = 1-5 ¢C = 15 x 10°C, gp = 2-5 pC = 25 x 10°C 
qn EB Ey 4p 


me 15cm —<— 15cm —,| 
ON eer ered 
Fig. 3.46 
is eth (Za a 43. 
4m€& \OA OB 
=24x10°V 
Electric field at point O, E = Ep — Ey 


Potential at point O, V = 


(- Ep > Ea) 


ney 1 ( 48 is, | =4x 10° N C"! (along OA) 
470 Eg OB OA 


Proceed as in problem no. 9. 
Suppose that charges q, and qp are placed at corners A and 


B of an equilateral A ABC of side r. 
Here, 9, = 9p=3 x 10-? C and r = 20 cm=0-:2m 
Potential at the corner C due to charges q, and qp, 


aps ht Ate echt D areroeluaiyel st Ap. 
4u€) AC 42) BC 42 € r 
-9 -9 
x 
2 oldyge Swi men ray 


Therefore, work done to bring charge of 10-? C from 
infinity to corner C, 
W =V xq =270 x 10° =2-7x 10-7 J 


vp westeele daew Be) 


4m€) \AB CB 
Orit 6 
sh |e ee BO I remit Vy 
0-15 0-05 
Y= [4+ 5} 
4nm€ \AD CD 
Ara & ~6 
=9x10? 2x10 —5x10 7 =+6x104 V 
0-05 0-15 


Work done to move 3 #C charge from point B to D, 
W = (Vp- Vp) x 9 = [6 x 104 - 78 x 104)] x 3 x 10% 


= 2.52 J 
avin a 
=v = 6x10 Vin 
d 5x10 


As the charged particle remains suspended, 
gE _1-6x10°"x6x10* 
9-8 


qgE=mg or) m= 


= 9-8 x 10°16 kg 

Here, q =+ Ze=78 x 1:6 x 10-19 
Potential gradient at a point is numerically equal to electric 
field at that point i.e. 

tere 

dr 42 9) r 

dV 9 , -19 

eyeing eee 9x 10° x 78 xX1-6x 10 

dr ao '2)2 


= 1-123 x 1017 Vm! 


dV 
Similarly, 7 (atr=5 x 10-15 m) = 4-493 x 1071 V m7 


V(x) = 4 x2 
dV d 

Now, E=—-—-=—-— (4x7) =-8x 
dx dx 


. E(atx=1m)=-8x1=-8 NC1l(orVm)) 


experien the 
F =qE = 10% x (-8)=-8x10°N 
16. Here, dV =V, —V,=0-05 V and dr=4cm=0-04m 


dV 
Now, E= a3 (in magnitude) 


0-05 1-25 V -1 
OL tah 
1 9,4 _ 9X10°x1-6x10 x 1-6x10°” 
VAN Ol eraceeny OE So ee ES 
4nm€& fT 6x10 
= 3-84 x 10-4 J 


18. Here, q,=4WC =4 x 10 Cand gq, =2 wC =2x 10°C 


1 
cies Ui sys ee 
ANE 1 


When atr=12cm: 


x10’ x 4x 10-° x 2x 107° 
ae 0° x 4x10 2X10. = 06] 
0-12 
When at r= 12-3 i.e.9 cm: 
9x10°x 4x10-°x 2x 10° 
Ur = 
0-09 
Therefore, work done, 
W =U, -U, = 0:8 -0-6 = 0-2 J 
19. Suppose that charges — g, Q and — q are placed at poin 
A, Band C ona straight line, such that AB = BC = r. 


=0-8J 


-q Q 4 
A B Cc 
e—_ f —— ie fF ——1 
Fig. 3.47 
Then, 1 [Be CPE? QE lo 
4m Eq AB AC BC 
or snr nino ere or aieae 
fm dD Te at r ar 
QU 
or RT 


20. Suppose that charges +q, +2 q and Q are placed at corne 
A, B and C of an equilateral AABC of side r. Then, 


1 [120,12 292]. 
47 & r r r 
or 2g+Q+2Q=0 or Q=-24q/3 
21. Suppose that charges q,, 4p, 9c and qp are placed at t 
four corners A, B, C and D of a square of each side r. 
Here, qa =+ 4,93 =- 4, 9c=+ 4 and qn =-4 
= 


47 &o 


x | 44 9B 4+ 4A AC + 4A 4D 4 4B 4c + 18.4D 4 4c 4 
AB AC AD BC BD CD 


i ££ sks Bi Bae 


a ee eee no tet ee ta ea peed 
os hs ed) 
47 Ey r 


22. Let o be charge density of the two spheres. Then, 
q,=40R20 and q,=42(2RP0=1627R20 
Let q,’ and q,’ be charges on the two sphcres, when th 
are connected with a wire. Then, 
Gi ial: Mad Ua ". 


Lice Ole a2 Ha O28 
i deve, OR ene, Be 
Substituting for q,’ in equation (i), we have 
92" 
Z 


‘ Ftenw’4 ; 
+42'=4,+92 or Hany Aastao) 


2 
or gn’ = 5 (4 Ro + 162 Ro) = A 


Therefore, new charge density of the bigger sphere, 
Cems 400 Rigo. . 

4n(2R)* 3x16a2R* 6 , 
The electrons will approach each other to a distance rp 
(closest distance), where their kinetic energy will become 


zero. It will appear as their potential energy. Therefore, 


x 
One S= Sm? mv 


4m& 


24. 


758 


oN 


4m& mv 
= 2-53 x 10-19 m 
@t=pEsin@ 
T 10 V3 —4 
on = =e = 2/3X%10 'Cm 
P~ Esin6  10°sin 30° 
-4 
Now, pie oN ae 3x10°2C 
2a 2x10 


(ii) U = — p Ecos 0 = - 2 V3 x 104 x 105 x cos 30° =- 30J 
Proceed as in solved problem no. 3.17. 


geet -01. AREA VECTOR — A MATHEMATICAL NOTE 
In many problems, area of a surface is treated as a vector. An area element dS 


an 
is represented by vector dS, such that the arrow respresenting the area vector dS is 
Beene. to the area element [Fig. 4.01.]. The em of the area vector 


dS represents the magnitude of the area elemert dS. In case n isa unit vector along 
normal to the area element dS, then 


ds = aSn (4.01) 

Note. Conventionally, the area vector representing an area element of a closed 
surface enclosing a volume is assigned direction, such that the area vector is directed 
along the normal pointing outwards from the closed surface. 
mee! 02. ELECTRIC FLUX 

The electric flux through a surface held inside an electric field represents the total number 
of electric lines of force crossing the surface in a direction normal to the surface. 

Electric flux is a scalar quantity and is denoted by ¢*. 

In fact, flux is property of a vector field and likewise electric flux is associated 
with electric field. 

Relation between electric field intensity and electric flux. Suppose that a 

— 


surface having area S is placed inside electric field of intensity E as shown in Fig. 
4.02. In order to find the electric flux through the surface of area S, consider a small 
area element dS of the surface S. The elementary area dS can be represented by a 


— 
vector dS , which is directed along normal to the area element dS. Suppose that 
— 
electric field E makes an angle 0 with the area vector dS : Then, component of electric 


os 
field along normal to the area element dS i.e. along area vector dS is given by 
E,,= Ecos 0 
Hence, electric flux crossing the area element dS in a direction along normal 
to it given by 
do = E,, dS = (Ecos @) dS 


i 
or dp = B-dS (4.02) 
The electric flux through the whole surface S can be found by integrating the 
above over the whole surface S. Therefore, total electric flux through the surface S 
is given by 


o=[E.a=[E, dS (4.03) 


5 S 
Thus, electric flux linked with a surface in an electric field may be defined as the surface 
integral of the electric field over that surface. 
The unit of electric flux is Nm? Ct. 
Note. In case the surface Sis a closed surface, then the total electric flux ve 
the closed surface is given by e 


o=f5 ds ies $E, dS : ‘ie: iste a 
S ee 


Sh PETER 


Fig. 4.02 * 


Self-test Question 


‘Show, ee the unit of Geceac side 
Nm? cl, 


* The electric flux through a surface is denoted by ¢, while the electric flux through a closed surface is denoted by ®. 
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"It states that the total renee flux through a closed akine enclosing a charge is equal 


1 
4 times the magnitude of the charge enclosed. 
0 

Here, €, is the absolute permittivity of the free space. 

If a closed surface S encloses an electric charge g, then according to Gauss’s 
eorem, the total electric flux through the closed surface is given by 


= = ...(4,05) 
0 
By definition, the total electric flux through the closed surface S is given by 
a’ 
®=9E.dS, 
; i) 


> > 
here E is electric field at the area element dS. 
Therefore, Gauss’s theorem may be expressed as 


= ee 

| E.dS=—~ ..(4.06) 
£0 

Hence, Gauss’s theorem may also be stated as below : 

If a closed surface encloses a charge, then surface integral of the electric field (due to 


2 enclosed charge) over the closed surface is equal to — times the charge enclosed. 
£9 


m1 4.04.TO PROVE GAUSS’S THEOREM (For a spherically symmetric 
closed surface) 
Consider that a point electric charge q is situated at the centre of a sphere of 


= 
dius r. Let E be the electric field at any point P on the surface of the sphere [Fig. 
)3]. Then, according to Coulomb’s law, 
E= 5r 
here 7 is unit vector along the line OP. 


7 


=~ 
Consider a small area element dS (shown shaded) around the point P. Since 


a 
e small area element is located on the surface of the sphere, the area vector dS will 
30 be along OP i.e. in the direction of unit vector 7 . Therefore, electric flux through 


~ 
ea element dS is ere by 


1 A 1 
do = E.ds=——.1 > a5= al (1) (dS) cos 0° 
pee ree Ty 
4ne, r 


Therefore, electric flux through the closed surface 2 the robe 


LONG 
®=-oddeo= -—- 45 = dS 
j ? a8 r ae r 24 
Now, pas =surface area of the sphere of radius r = 4 217 
S 


Mi 4.05. GAUSSIAN SURFACE 

_ The expression for electric field intensity can be obtained by applying 
julomb’s law only in simple cases. In the situations, where Coulomb’s law or 
inciple of superposition cannot be applied to calculate the electric field, the same 
achieved by using Gauss’s law. For this, one has to evaluate the surface integral. 


SR LE IY SE IF SLID TSE REE RED RT 
y 


So that suriace Wiest c can ‘Be evaluated 1 easily, a closed 
around the charge distribution. The surface so chosen is called the gaussian surface. 

Thus, gaussian surface around a charge distribution (may be a point charge, a line 
charge, a surface charge or a volume change) is a closed surface, such that electric field 
intensity at all the points on the surface is same and the electric flux through the surface is 
along the normal to the surface. 


mmm 4.06.TO DEDUCE COULOMB’S LAW FROM GAUSS’STHEOREM 

Consider that two point charges q, and q, are placed at points A and B ata 
distance r apart in vacuum. Let E be the magnitude of electric field at the location 
of point charge q, due to the charge q,. Then, force experienced by the point charge 
y due to the electric field of the charge q, 

F= q,E ..(4.07) 

To find E, draw a spherical surface of radius r with point A as the centre as 
shown in Fig. 4.04. According to Gauss’s theorem, the total electric flux through the 
spherical gaussian surface is given by 


E. dS= n 
S 0 
3 385 
ee dS = peas | © (2 E lds) 


Now, the value of E Meer on of electric field) 3 is same at all the phints on 
the spherical surface i.e. E is constant. Therefore, 


Den ds 
- 
Now, f dS = 4 mr? (surface area of the spherical guassian surface of radius r) 
MN oEx4nr? 
£0 
or Hemant ...(4.08) 
Ane) r2 
From equations (4.07) and (4.08), we have 
MES 11.92 
aH ES Le 


It is the mathematical form of Coulomb’s law in electrostatics. 


Mmmm 4.07. ELECTRIC FIELD DUETO A LINE CHARGE 

Consider a thin infinitely long straight line charge having a uniform linear 
charge density A placed along YY’. By symmetry, it follows that electric field due 
to line charge at a distance r in any plane at right angles to the line charge is of the 
same magnitude and is directed radially outward. To find electric field due to line 
charge at point P distant r from it, draw a cylindrical surface of radius r and length 
! about the line charge as its axis [Fig. 4.05]. This cylindrical surface may be treated 
as the gaussian surface for the line charge. 

Let us now calculate the electric flux that crosses the Gaussian surface from 
the charge enclosed by the gaussian surface. Since electric lines of force are parallel 
to end faces (circular caps) of the cylinder, there is no component of field along the 
normal to the end faces. The electric flux crosses only through the curved surface 
of the cylinder, as the electric field due to the line charge is normal to the curved 
surface. If E is the magnitude of electric field at point P, then electric flux through 
the gaussian surface is given by 

® =E x area of the curved surface of a cylinder of radius r and length | 


or M=Ex2arl ...(4.09) 
According to Gauss’s theorem, we have 
4 
£9 
Now, charge enclosed by the gaussian surface, q = A 
get (4.10) 


Eo 


surface if Chosen! everly 


}e----------- ~ -----------»| 


‘The electric field due to a line ch: 


off with distance as I/r. otis Baki 


AUSS'S THEOREM 
From equations (4.09) and (4.10), we have 
Al 
E'x 277 l= — 


Eo 


i A 


or = = (411 
Pirie 7 ee 


In contrast to electric field due to a point charge (which decreases inversely as 


ne square of the distance from the charge), the field due to a line charge falls off as 4 ; 
r 


Note, The above discussion can be easily extended to find electric field due to 
uniformly charged cylindrical shell. The same has been deduced in section 5.08 
sylindrical capacitor) in the next chapter. 


mm 4.08. aa ECTRIC FIE 
CHAF AR iG 1 = ) 

Consider an infinite thin plane sheet* of positive charge having a uniform 
urface charge density oon both sides of the sheet. By symmetry, it follows that the 
lectric field is perpendicular to the plane sheet of charge and is directed in outward 
irection. To find electric field due to the plane sheet of charge at any point P distant 
from it, draw a cylinder of area of cross-section A through the point P as the 
aussian surface [Fig. 4.06]. Since electric lines of force are parallel to the curved 
urface of the cylinder, the flux due to electric field of the plane sheet of charge passes 
nly through the two circular caps of the cylinder. If Eis the magnitude of electric 
eld at point P, then electric flux crossing through the gaussian surface is given by 
® = E x area of the end faces (circular caps) of the cylinder 


=LD DUETO AN INFINITE PLANE SHEET OF 
eke BP NPB EO PLES TEE GE SE a = '& as Shee Get 7 he 1 > 


or M=Ex2A ...(4.12) 
According to Gauss’s theorem, we have 
o= | 
EQ 
Here, the charge enclosed by ihe gaussian surface, q = oA 
po (4.13) 
£5 
From equations (4.12) and (4.13), we have 
peices 
Eo 
or iE me tt »..(4.14) 
2£5 


Thus, we find that the hhaorith de of the electric field at a point due to an infinite 
lane sheet of charge is independent of its distance from the sheet of charge. 


Note. In case of an infinite plane conductor having finite thickness, the gaussian 
urface will include charge o x 2A vias on;each side of the conductor). Therefore, 
1 such a case, : 


oA 
iy eee 
on 
or E=— 244.15) 
Eo (2 
me 4.09.ELECTRIC FIELD DUETO: TWO INFINITE PLANE PARALLEL 


SHEETS OF CHARGE 

Consider two infinite plane parallel sheets of predate Aand B, having surface 
harge densities equal to o, and og respectively. The two sheets divide the space 
ato three regions namely region I lying to the left of sheet A, region II between the 
heets A and B and region III to the right of sheet B as shown in Fig. 4.07. 

(i) In region I. The electric fields due to both the sheets of charge will be from 
ight to left (opposite to the direction, in which distances are measured as positive). 
ince electric field due to a sheet of charge is given by equation (4.14), the electric 
eld due to sheets A and B in region I will be 


2£o 2£o 


*In a sheet of Se the same charge shows up on its two sides. 
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AREA =A 


my 


GAUSSIAN 
SURFACE 


The magnitude of electric field due to an 
infinite plane sheet of charge is indepen- 


‘dent of the distance of the observation 


point from the sheet of charge. 


In a sheet of charge, the same charge 


‘shows up on its two sides. Since a plane 
“charge conductor has a finite thickness, 


different charges a P on its two 


—_ bs 


or Bae Tee + Op) ...(4.16) 
29 
(ii) In region II. The electric field due to sheet of charge A will be from left to 
right (along positive direction) and that due to sheet of charge B will be from right 
to left (along negative direction). Therefore, in region II, 
peiee «fx 2s. 
BS, SIZ €G 
1 
or E=— —+(0 4 — Gp) (4.17) 
tee 
(iii) In region III. The electric fields due to both the sheets of charge will be from 
left to right i.e. along positive direction. Therefore, in region III, 
a os + OB, 
PA RPA 2 


1 
E=—— (0, + Op) ...(4.18) 
bet sae 

Special case. If o, = 6 and o; = — 6, then it follows that electric field is zero in 
regions I and III, while in the region II, the electric field is given by 


1 
he +ti¢ o (0) 
2 Ey 

or B=—- 4.19) 

Thus, in case of two infinite plane sheets of charge having equal and opposite 
surface charge densities, the field is non-zero only in the space between the two 
sheets and it is constant i.e. uniform in this region. Further, the field is independent 
of the distance between the infinite plane sheets of charge. 


Note. In case two infinite plane charged conductors of finite thickn 
parallel to each other, the Sinica (4. 16), 4 7) san and (4. 18) will modify 


a oe ee 
pedo Heep) - 
é 2 ied Eo a 13 ; 
and B=! (atop) 
Ey et 
mami 4.10.ELECTRIC FIELD DUE TOA UNIFORMLY CHARGED 
SPHERICAL SHELL 


Consider a thin spherical shell of radius R and centre O. Let q be the fees 
on the spherical shell. Let us find electric field at point P distant r from the centre 
of the spherical shell. 

(a) When point P lies outside the spherical shell. Draw the gaussian surface 
through point P. It will be a spherical shell of radius r and centre O [Fig. 4.08]. 


Let E be the electric field at point P due to charge q on the spherical shell. 


It is evident that the field due to charged spherical shell is radial and spherically 
symmetric. At every point on the surface of shell, the field has same magnitude 
and is along normal to the surface. Therefore, total flux through the gaussian | SS ah 
surface is given by 


o= a dS = pE ds = ape E.4ar2 


S 
Since the charge enna by the gaussian hiner is q, according to the Gauss’s 
theorem, 
E.4a2e=t 
e 
or B= cnet Kn (for r > R) ...(4.20) For points outside a charged rphEel 
4m€ r shell, the shell behaves as if the charge o1 


From equation (4.20), it follows that for the points outside the charged spherical jt were concentrated at its centre. _ 
shell, the shell behaves as if the charge on the shell were concentrated at its centre. - — 


The above resul c field due to a charged spherical shall can also be 
*xpressed in terms of its surface density as explained below : 
If ois uniform surface charge density of the spherical shell, then 


g=4nRo 
Substituting for q in equation (4.20), we have 
Dy 
B=2 5 GorrsR) (4.21) 
Eo if 


(b) When point P lies on the surface of spherical shell. The gaussian surface 
hrough point P will just enclose the charged spherical shell. Therefore, according 
o Gauss’s theorem, 


E.42R2=— 
Eo 
1 q 
or B= (for r = R) eA CPS) 
A eo Re 
Since q = 4 2 R? a, the equation (4.22) becomes 
fies (for r= R) (4.23) 
Eo 


(c) When point P lies inside the spherical shell. In such a case, the gaussian 
urface through point P will not enclose any charge and hence according to the 
sauss’s theorem, 


or (for r < R) (4.24) 
Thus, at a point inside the charged spherical shell, electric field is zero. 
gee 4.11. ELECTRIC FIELD DUE TO ASOLID SPHERE OF CHARGE 
Consider an isolated sphere of charge q having radius R. Suppose we have to 
alculate electric field at point P at a distance r from its centre O. 
(a) When point P lies outside the sphere of charge: Draw the gaussian surface 
hrough point P so as to enclose the sphere of charge. The gaussian surface is a 
pherical shell of radius r and centre O [Fig. 4.09]. 


H 
Let E be the electric field at point P due to the sphere of charge q. It is evident 


hat the field due to the sphere charge is spherically symmetric. At every point on 
he surface of the sphere, the field has same magnitude and is along normal to the 
urface. 

Therefore, total flux through the gaussian surface is given by 


@= $F .dS= $F dS=EpdS-E.407 
S S S 


According to Gauss’s theorem, 


E.4nr=+ 
Eo 
or a - (for r> R) (4.25) 
AME 'r 


It is the same as that at a distance r from a point charge gq. It implies that for 
,0ints outside the sphere of charge, the sphere behaves as if all the charge on the 
phere were concentrated at its centre. If p is the uniform volume charge density 
»f the sphere of charge, then 


4 
Leite R*p 
Substituting for g in equation (4.25), we have 
3 
ae (for > R) (4.26) 
Erie r 


(b) When point P lies at the surface of the sphere of charge : In sucha case, the 
rea of the gaussian surface is equal to the surface area of the sphere of charge i.e. 
qual to 47 R*. If E is the electric field at point P on the surface of the sphere of charge, 
hen according to Gauss’s theorem, 


EidinR2 =) 
Eo 
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When a conducting sphere is charged, the 
charge appears on its outer surface. A solid 
sphere of charge is built of charges, which 
are distributed uniformly inside it and stay 
there as such ! 


Key point Sf 


At a point inside a charged spherical shell, 
electric field is zero. 


SPHERE OF 
CHARGE 


GAUSSIAN 
SURFACE 


DW has 264 oe Big 4.09 


Key point of, 


For points outside the sphere of charge, 
the sphere also behaves as if charge on the 
sphere were concentrated at its centre. 


aye 


or E= 5 
4@& R 
Since q -+ mR p, equation (4.27) becomes 
ijt (for r = R) 
3€ 


0 
(c) When point P lies inside the sphere of charge : In such a case, the gaussian 
surface is a spherical shell, whose centre is O and radius is r (= OP) as shown in Fig. 


4.10. If q’ is charge enclosed by the gaussian surface, then 


E.4nr=4 
£9 
or E= ae (for r < R) 
Ane, r? 
3 
' a 3 r 
Now, qg'= xe ar =q—3 
: Pa R 
Substituting for q’ in equation (4.29), we have 
pe 2 ee (for r< R) 
4™& R 
= 
Since eae 7 R° p, the equation (4.30) becomes 
p=L° (for.r.<R). 


i PCIE PS Sees ES 


Type. A. On Electric Flux 


Problem 4.01. A rectangular surface of sides 10 cm vand 
15 cm is placed inside a uniform electric field of .25.V.m™ 


such that normal to the surface makes an angle of 60° with:, d 
the direction of electric field. Find the flux of the electric. 


field through the rectangular surface. 
Sol. The flux through the rectangular surface is given by 


eo 
g=E.AS=EAScos 0 


Here, E=25Vm'!; 
AS = 10 x 15 = 150 cm? = 150 x 10+ m2 
and 6= 60° 


@ = 25 x 150 x 10 cos 60° 
= 0-1875N m?C1 
x Problem 4.02. Consider a uniform electric field 
E=3x10° i NC. (a) What is the flux of this field 
through a square of 10 cm on aside, whose plane is parallel 
to the YZ-plane ? (b) What is the flux through the same 
square, if the normal to its plane makes a 60° angle with the 
X-axis ? y (Text Problem) 


¢ 


(for r = R) 


...(4.28) 


SPHERE OF 
CHARGE 
...(4.29) 
GAUSSIAN 
SURFACE 
(430) 
(4.31) 


Sol. (a) The area of a surface can be represented as a 
vector along normal to the surface [Fig. 4.11]. 


=D A 
Here, E=3x110° iNC! 
Area of the square, AS = 10 x 10 = 100 cm? = 10-2 m2 
Since pormal to the seaquane is along X-axis, we have 


AS = 1072 } m? 
Electric flux through the square, 


an. Sei A A 
p= B.AS=(3x 10° i).(10 i) 
=30N mC? 
(b) Here, angle between normal to the square i.e. area 
vector and the electric field is 60° [Fig. 4.12]. Therefore, 


a? 
¢ = E.AS=E A Scos 60° =3 x 10° x 10 x 0-5 
=15 N m’?c! 

Type B. On Gauss’s Theorem 

Problem 4.03. Calculate the number of electric lines of 
force originating from a charge of 1 C. 

Given, € =8- 854 x 10°12. C2 N-1 m 

Sol. Here, q +1.C ; €, = 8 - 854 x io? ce N11 m 

From Gauss’s theorem, electric flux i.e. electric lines of 
force through a surface enclosing a charge q is given by 


OY 
Eo 
Therefore, electric lines of force originating froma chat ee 


of 1C, 
1 


~ §-854x 107? 
Problem 4.04. Careful measurement of the electric field 


at the surface of a black box indicates that the net outward 
flux through the surface of the box is 8 -0 x 10° N m* C1. 


=1-129 x 10% 


vard Aix chrough the airhiee of the Box’ were zero, 
uld you conclude that there were no charges inside the 
x ? Why or why not ? (Text Problem) 

Sol. Here, ®=8-0x 107Nm°C! 

(a) Suppose that the net charge inside the box is q. Then, 
cording to Gauss’s theorem, 
o=1 or 

£9 
Ege 8 y0o4x 1012 C2 Nm * 
ae 8: 854 x 10-12 x 8-0 x 103 

= 70 - 832 x 10-7 C 

(b) If the net outward flux through the surface of the box 
zero, it cannot be concluded that there is no charge inside 
e box. There may be equal amounts of positive and negative 
arges inside the box. Therefore, if the net outward flux is 
ro, we cannot conclude that the charge inside the box is 
ro. One can only say that the net charge inside the box is 
ro. 

Problem 4.05. A point charge + 10 uC is at a distance 
*m directly above the centre of a square of side 10 cm as 
own in Fig. 4.13. What is the magnitude of the electric flux 
rough the square ? (Text Problem) 

Sol. Here, q = +10 wC = 10°C 

Consider that the charge q is at a distance of 5 cm from 
e square ABCD of each side 10 cm sgh SS 13]. The square 


q=t,® 


Now, 


A 
Fig. 4.13 
BCD can be considered as one of the six faces of a cube of 
ch side 10 cm. Then, according to Gauss’s theorem, total 
sctric flux through all the six faces of the cube, 


ae 
Eo 
Obviously, the flux through the square ABCD will be 
1 Leia 
=— xX O=—xX— 
? 6 61 Bg 
ite toe 


a ——— 
6 8854x104 
=1-88x 10°Nm?C1 
pe C. On Calculation of Electric field 
Problem 4.06. An infinite line charge produces a field 
9 x 104 N C-1 at a distance of 4 cm. Calculate the linear 
arge density. (H.S.S.C.E. 2001) 
Sol. Here, E=9 x 10*NC!;r=4cm=0-04m 
Electric field at a distance r from a line charge having 
ear charge density A is given by 
hand 


E= 


2NE, TF 


A=2me,Er=47&. Er 


1 9x 10° x 0-04 
oe 


9 x 10° 2 
=2x107 Cm! 

Problem 4.07. A large plane sheet of charge having 
surface charge density 5 - 0 x 10° C m™ lies in the XY-plane. 
Find the electric flux through a circular area of radius 0-1 
m, if the normal to the circular area makes an angle of 60° 
with the Z-axis. Given that €) = 8-85 x 10°! C? N71 m™~. 

Sol. The electric flux through a surface, 


> 5 
¢=E.AS=EAScos 6 


We know that electric field near the plane sheet of charge, 
o 


ti 25 
and circular area, AS = 21 
2 


oO 
o=——x#TS cos 


2£o 
o=5-0x10°Cm?; 
£55 8,-85,x 10f2.C2.N | m2 
be 60° 

5-0x10 © xz x (0- 12 cos 60° 


2x 8-85x 107 
=4-44x10°Nm?C?t 
Problem 4.08. Two large thin metal plates are parallel 
and close to each other as shown in the Fig. 4.14. On their 
inner faces, the plates have surface charge densities of 
opposite signs and of magnitude 17 - 0 x 10-22 C m~. What 
is E (a) to the left of the plates, (b) to the right of the plates 
and (c) between the plates ? (Text Problem) 
Sol. Here, o= 17-0 x 10°? C m? 
(a) To the left of plates : The region | is to the left of the 
plates. Therefore, as discussed in section 4.09, the electric field 
to the left of plates is zero. 


Here, 
= f= 0+ 1am 
and 


Hence, ¢ = 


Fig. 4.14 
(b) To the right of plates : The region II is to the right of 
the plates. Again, the electric field in the region II is zero. 
(c) Between the two plates: In the region III between the 
two plates, the electric field given by 
=22 
sad tha) ret aD =~1-92x109N C1! 
€) 8-854x 10 
Problem 4.09. A spherical conductor of radius 12 cm 
has a charge of 1- 6 x 10-7 C distributed uniformly on its 
surface. What is the electric field (a) inside the sphere (b) 
just outside the sphere (c) at a point 18 cm from the centre 
of the sphere ? (Text Problem) 
Sol. Here, q=1-6x 10-7 C; 
radius of the sphere ; R= 12 cm =0-12 cm 
(a) Inside the sphere : The charge on a conductor resides 
on its outer surface. Therefore, electric field inside the sphere 


is zero. 
RA_ OC 


(b) Just outside the sphere : For a point on the charged 
spherical conductor or outside it, the charge may be assumed 
to be concentrated at its centre. Therefore, 
electric field just outside the sphere 
if 
x Bexto** -10 NC! 
(0-12) 


Problem. 4.10. A charge q is disturbed uniformly on a 

ring of radius r. A sphere of equal radius r is centred 
at the circumference of the ring [Fig. 4.15]. Find the flux of 
the electric field through the surface of the sphere. 

Sol. Let C be the centre of the ring and O be the centre of 
the sphere. The sphere encloses charge present on the part 
AOB of the ring. 


SPHERE 


Fig. 4.15 
Let us first find the length of part AOB of the ring. It 
follows that 
CA = CO =r (radius of the ring) 


and OA=r (radius of the sphere) 

Therefore, A AOC is an equilaterial triangle and hence 
Z AOC = 60°. 

Similarly, it can be proved that Z BOC = 60°. 

“«. ZAOB = Z AOC + Z BOC = 60° + 60° = 120° 

Since the part AOB of the ring subtends an Z 120° at the 
centre of the ring, its one third part is inside the sphere. 


Hence, charge enclosed by the sphere, q’= = 


From Gauss’s theorem, the flux of the electric field 
through the surface of the sphere, 
Wp 24 
e Sp) SEG 
Problem 4.11. The electric field in a region is radially 
outward and varies with distance r as 
E=250rVm7 
Calculate the charge contained in a sphere of radius 
0-2 m centred at the origin. 
Sol. Here, E=250r V m2and radius of sphere,a=0-2m 
Let E be electric field at the surface of the sphere. 


surface 


Q. 4.01. What do you understand by electric flux ? 
(PS.S.C°E}2001,;2000.5:41.S:S)€ E21 995) 
Ans. Electric flux is associated with electric field. 
The electric flux through a surface held inside an electric 
field represents the total number of electric lines of force 
crossing, the surface in a direction normal to the surface. 


a) “FREQUENTLY ASKED VERY ‘SHORT ANSWER QUESTI ONS | 


(c) At a point 18 cm from the centre : Here, r= 

Electric field at a point 18 cm from the centre 

1-6x 1077 ’ 
(0-18)? 


4me, R? 
=4-44x10!NC1 


ing =9x 10? x 


TECHIE STUFF — CONCEPTUAL NUMERICAL PROBLEMS 


For Gmbitious, brilliant & Curious Students 


Then, Evuyface = 250 @ Vm? = 250 x 0-2=50Vm” 
Electric flux crossing through the sphere, 


> Se 2 

p=  Esuface dS = E surface x47a 

or @=50x4 2x (0:22Nm2C! . 

If q is charge contained in the sphere, then pieaphinig 7 
Gauss’s i obit 
p= 
. 

or g= & d= & x50x4 ax (0-2) 

=4 7 €,x 50x (0-2) 


y 


5) eee. 022 2-22 10 
9x 10 

Problem 4.12. A spherical conducting shell of inne 

radius r, and outer radius r, has a charge Q [Fig. 4.16] 
A charge q is placed at the centre of the shell. What is the 
surface charge density of the inner and outer surfaces of the 
shell ? (Text Question) 

Sol. When charge Q is given to the conducting shell, i 
will appear on its outer surface. When charge q is placed ai 
the centre of the shell, it must induce charge — g on the inne! 
surface and + q on the outer surface of the shell. Otherwise 
there will be electric field inside the conducting shell. Thus 
there is charge — q on the inner surface and Q + q on the oute! 
surface of the shell. 


Fig. 4.16 
Therefore, charge density of inner surface, 
q 
OT = = 2 
4n ry 
and charge density of outer surface, 
QO + 
O2;= 4 
47 fr 


With Answers/Hints 


Q. 4.02. Is electric flux a scalar or a vector ? Give the 
SI unit of electric flux. 

Ans. Electric flux is a scalar quantity and its unit 
is Nom2c7}. 

Q. 4.03. An area S is held inside an electric field E, such 
that normal to the area S subtends angle 6 with the direction 


electric field. What is the electric flux linked with the 
face area ? 
Ans. The electric flux linked with the surface is given by 
¢=EScos 0 
Q. 4.04. What is the relation between electric intensity 
1 flux ? CRS SITE A199 911998 1997) 
Ans. If an elementary surface area dS is held inside the 
ctric field E and E,, is the component of electric field normal 
he surface area dS, then electric flux through the surface 
dp =E,, dS 
3a 5 


In vector notation, dp = E . dS 
Q. 4.05. State Gauss’s theorem in electrostatics. 
(P.S.S.C.C.E. 2002) 

Ans. Refer to section 4.03. 

Q. 4.06. A box encloses an electrical dipole consisting 
charge 5 wC and — 5 uC and of length 10 cm. What is the 
al electric flux through the box ? 

Ans. Since net charge enclosed by the box is zero, electric 
x through the box is also zero. 

Q. 4.07. What is the use of gaussian surface ? 

Ans. For finding electric field due to a charge 
tribution by apply Gauss’s theorem, one is required to 
uluate a surface integral. The surface integral can be 
luated easily by choosing a suitable gaussian surface for 
charge distribution. 


Q. 4.01. If the electric field is given by 6 143 j +4k , 


culate the electric flux through a surface of area 20 units 
ng in YZ-plane. CHS. S-CLEREIGAS) 


/ A A A 
Ans. Here, E=6i1+3j+4k 
The area vector representing the surface of area 20 units 
¥Z-plane is even BYiy 


Sz 20 i 
Therefore, electric flux through the surface, 
SP A A A 
@=E.S=(614+3)+4k).20i 
= 120 units 
Q. 4.02. What is the importance of Gauss’s theorem ? 
Ans. Gauss’s theorem is of great importance. Those 
1ations, in which calculation of electric field by applying 
ulomb’s law or the principle of superposition of electric 
ds becomes very difficult, the results can be obtained by 
lying Gauss’s theorem with great ease. 
Q. 4.03. What is a gaussian surface ? Explain in brief. 
Ans. Refer to section 4.05. 
Q. 4.04. Suppose a gaussian surface does not include 
y net charge. Does it necessarily mean that E is equal to 
o for all points on the surface ? (Text Question) 
Ans. If a gaussian surface does not include any net 
ge, there can be electric field on the surface of the gaussian 
face but parallel to the surface. However, it will require 
t the source charge should lie outside the gaussian surface. 
Q. 4.05. A spherical Gaussian surface encloses a charge 
8-85 x 10-° C. (i) Calculate the electric flux passing 
ough the surface, (ii) If the radius of the Gaussian surface 
loubled, how would the flux change? (C.B.S.E. 2001) 


~FREQU ENTLY“ ASKED: SHORT ANSWER QUESTIONS 


AREER ESTE AH I SEI METLAS SRR MB SSRN TIRES LEE YE ID OE IE 


; aw involved 1 / r? dependence 
(instead of 1/1”), would Gauss’s law be still true ? 

Ans. If Coulomb’s law involved 1/r? dependence, 
Gauss’s law would not be true. 

Q. 4.09. Does the strength of electric field due to an 
infinitely long line charge depend upon the distance of the 
observation point from the line charge ? 

Ans. Yes, the electric field due to an infinitely long line 
charge depends upon the distance of the observation point 
from the line charge. 

Q. 4.10. Does the strength of electric field due to an 
infinite plane sheet of charge depend upon the distance of 
the observation point from the sheet of charge ? 

Ans. No, the electric field due to an infinite plane sheet 
of charge does not depend upon the distance of the 
observation point from the plane sheet of charge. 

Q. 4.11. What is the difference between a sheet of 
charge and a plane conductor having charge ? 

Ans. On a sheet of charge, the same charge shows up 
on its two sides ; whereas in case of a charged plane 
conductor, charges showing up on the two surfaces are not 
the same. 

Q. 4.12. What is the strength of the electric field inside 
a charged spherical shell ? 

Ans. The strength of electric field inside a charged 
spherical shell is zero. 


wera 


Carrying 3 Marks - 
Ans. (i) Electric flux through the surface, 
-8 
Pua N he 8 a a eN eee 
€&) 8-85x10 
ev eG Sox de iC aay nig) 
(ii) There will be no effect on electric flux, when the 
radius of the Gaussian surface is doubled. It is because, the 
charge enclosed by the Gaussian surface remains the same. 
Q. 4.06. A point charge causes an electric flux of 
-1-0 x 10° N m? C' to pass through a spherical Gaussian 
surface of 10 -0 cm radius centred on the charge. (a) If the 
radius of the Gaussian surface were doubled, how much 
flux would pass through the surface ? (b) What is the value 
of the point charge ? (Text Question) 
Ans. Here, ® =—1-0 x 10°N m2? C1; 
radius of gaussian surface, r= 10-0 cm =0-1m 
(a) If the radius of the gaussian surface is doubled, the 
electric flux through the new surface will still remain same 
ie. -1-0x10°Nm?C1. 
It is because the same charge is enclosed by the gaussian 
surface in the two cases. 
(b) Let q be the charge inside the gaussian surface. Then, 


ore 
or. qg=8,p¢=8- 854% 10-12 x (= 10 x 10%) 
=-8-854x 10°C 


Q. 4.07. An electric flux of — 5 x 103 N m? Ct passes 
through a spherical Gaussian surface of radius 20 cm due 
to the charge placed at its centre. (i) Calculate the charge 
enclosed by the Gaussian surface. (ii) If the radius of the 


7 


” g 


flux would pass 
(C.B.S.E. 1998 S) 


Gaussian surface is doubled, how mus 
through the surface ? 

Ans. Proceed as in SAQ 4.06. 

Q. 4.08. A uniformly charged conducting sphere ss 
2-4 m diameter has a surface charge density of 80-0 uC m~ 
(a) Find the charge on the sphere. (b) What is the total elec- 
tric flux leaving the surface of the sphere ? (Text Question) 

Ans. Here, o = 80-0 uC m~ = 80 x 10-° C m 


2-4 
radius of the charged sphere, R = aa =12m 


(@) Charge on the sphere = 0 x 4 7 R? 
= 80 x 10° x 4.mx (1-2)? =1-45 x 103 C 
(b) Total electric flux leaving the surface of the sphere, 


_q _ 1-45x107 


€) 8-854x10- 
=1-64x10°Nm*C1 

Q. 4.09. Two infinite parallel planes have uniform 
charge densities + o. What is the electric field in (a) the 
region between the planes and (b) outside ? In what way 
does the infinite extension of the planes simplify your 
derivation ? 

Ans. (a) In the region between the two infinite parallel 
planes having uniform charge densities + o, the electric field 


& 
is equal to | 


0 
(b) The electric field is zero in the region outside the 
“tes. 
The problem has symmetry due to infinite extension of 
planes. 


radius, A being solid and B hollow. Both are charped'ta tot 
same potential. What will be the relation between th 


charges on the two spheres ? (C.B.S.E. 2001 § 

Ans. Let Q, and Qs, be the charges on the solid an 
hollow conducting spheres respectively and R be the radiu 
of each sphere. When charge is given to a solid conductin, 
sphere, it appears on the outer surface. However, for th 
calculation of electric field or potential due to a spher 
(whether hollow or solid) at a point on or outside th 
sphere, the charge behaves as if it is concentrated at th 
centre of the sphere. If V, and V, are potentials of the tw 
spheres, then 


1 Oa 1 Qs 
ee eee d V — ap Ee 
AS Am ey: (ROR D BY 4mey.enR 
Since V, = Vz, it follows that 
Qa = Qz 


Q. 4.11. What is the principle of electrostatic shielding ‘ 
(P.S.S.C.E. 2002, 2006 

Ans. The electric field inside a hollow conductor is zer¢ 
Therefore, if an object located inside a hollow conductor i 
subjected to electric field, there will be no effect of electric fiel 
on the object. In other words, the hollow conductor shield 
the object from external electric field. 

This concept is made use of to shield the wires carryin 
audio signals (low frequency signal) from the external electri 
fields, such as due to atmospheric electricity or due to electri 
sparks. If such wires are not shielded, the audio signal wi 


. give rise to'a noisy sound on reproduction. 


‘abe TECHIE STUFF — CONCEPTUAL SHORT ANSWER QUESTIONS == 


For « mbitious, 6 rilliant & ¢ urious Students 


Q. 4.01. Is it possible to transfer all the charge froma 

conductor to another insulated conductor ? 

Ans. Yes, it is possible. For this to happen, place the 
charged conductor inside a hollow conductor so that it 
touches the inside wall of the hollow conductor. Now, 
whatsoever charge is given to the charged conductor, it gets 
immediately transferred to the hollow conductor. It is 
because of the fact that in case of a charged conductor, the 
charge resides on its surface. 

In fact, it forms the principle of Van de Graaff generator. 

Q. 4.02. A conductor A with a cavity as shown in Fig. 

4.17 is given a charge Q. Show that the entire charge 
must appear on the outer surface of the conductor. 

(Text Question) 

Ans. Consider the gaussian surface (shown dotted) so as 
to enclose the cavity but lying wholly inside the conductor A 
as shown in Fig. 4.17. Q 


GAUSSIAN 
SURFACE 


Fig. 4.17 

Since the electric field inside a conductor is zero, the part 
of the conductor within the cavity does not contain any net 
charge. By extending the same argument, we can say that no 
cherge can be present inside the gaussian surface, which lies 


just within the conductor.Hence, the entire charge Q mu: 
appear on the outer surface of the conductor A. 

Q. 4.03. If in the Q. 4.02, another conductor B wit 

chargeq is inserted into the cavity keeping B insulate 
from A [Fig. 4.18], show that the total charge on the outsid 
surface of the conductor A is Q + q. (Text Questior 

Ans. Let us again consider the Gaussian surface (show 
dotted) so that it encloses the cavity and the conductor B 
charge q inserted in the cavity [Fig. 4.18]. 

Q 


ae GAUSSIAN 
Fig. 4.18 SURFACE 

As such, the electric flux will cross the gaussian surfac 
and it would imply that electric field exists inside th 
conductor A. But the electric field inside the conductor . 
must be zero. It will be true only if the charge q on conductc 
B induces charge — q on the inner surface and +q on the oute 
surface of the conductor A. As there is already a charge + ( 
on the outer surface of the conductor A, the total charge o 
its outer surface becomes Q + q. 

Q. 4.04. S, and S, are two parallel concentric sphere 

enclosing charges Q and 2 Q respectively as shown i 
Fig. 4.19. 


¢ flux gh S, and S, ? /on the surface of 
low will the nest flux through the sphere eo deuce 


— 
medium of dielectric consant 5 is introduced in the ‘SPhere becomes E’. Then 


ppose t 


fe se : D ° ore => S 
e inside S, in place of alt ? (C.B.S.E. 2002) B= z E Gy 
If the electric flux through the sphere is now ®,’, then 
' > 3S lo Oo 10 
©; =fF.d=$— Eis ee 
K K € 


[Using equations (7) and (ii)] 


Here, K=5 
Fig. 4.19 | = RS 

Ans. (a) Let ®, and ®, be the electric flux through (S. Q. 4.05. A sensitive instrument is to be shielded from 
res S, and S, respectively. Then, 7 the strong electrostatic field in its environment. 
Q iQ +2 Qn 30 Suggest a possible way. (Text Question) 

Ps 1 and =») é ¢ Ans. The electric field inside a metallic conductor is zero. 

: se Cosy Therefore, the instrument can be shielded from the strong 

i OL 3Q_1 electrostatic fields by enclosing it with a hollow metallic 
®, & Eo id structure. 


wy ity Se ‘ : Lt ‘ 4.06. A man inside an insulated metallic cage does 
(b) Let E be electric field intensity on the surface of | ( ie receive a shock: whenahe cee hiahts aie a 


re S; due to charge Q placed inside the sphere. Then, Why ? ? 


rding to Gauss’s theorem, Ans, It is because, the potential at each point inside the 


cage is same as that of the cage itself. Since there is no potential 
difference between the man and the highly charged cage, the 
_ man does not receive any shock. 


®, = B.ds-2 garb ia BCT Gy 
On introducing medium of dielectric constant K inside 


satan arias 3 janis 
1. Whatis electric flux ? Explain, how the electric flux through Ang) State Gauss’s theorem in electrostatics. Apply this theorem 


a surface is related to electric field inténsity, when’ the “ to calculate the electric field due to an infinite plane sheet 
surface is held inside the electric field. By of charge. « , (C.B.S.E. 1995) 
2. State Gauss’s theorem in electrostatics. ‘How, will you # "9. State Gauss’s theorem in electrostatics. Using it, derive the 
prove it for spherically symmetric surfaces ? \ expression for the electric field at any point due to an 
(C.B.S:E . 1996, 1995, 1992, 1991': LFS ¢ CE. 4 992) infinite plone sheet of charge of uniform charge density o. 
3. State Gauss’s theorem. How Coulomb’ ‘8 Net can be By (C.B.S.E. 1996) 
derived from it 2? Pie 10.. State Gauss’s theorem. Derive expression for electric field 
(H.PS.S.C.E. 1999, 1995: re i 1996081": ©. . between two infinite plane parallel sheets of charge at a 

PS.S.C.E. 1995, 1991) . ») point inthe region between the two plates. 


11. , State Gauss’s theorem in electrostatics and express it 
mathematically. Using the theorem, derive an expression 
for electric field intensity at a point inside a hollow charged 
conducting sphere. (C1BNS2Es 2001 S) 

12. State Gauss’s theorem in electrostatics. Prove that no 
electric field exists inside a hollow charged sphere. 


4. Deduce Coulomb’s law from Gauss’s theorem. in: 
electrostatics. State Gauss’s theorem in electrostatics. Use 
this to find the electric field inside the spherical shell. 

(H.P.S.S.C.E. 2002) 

5. State Gauss’s theorem in electrostatics. Hence obtain 


expression for the force between two point charges. (C.B.S.E. 2002) 

A , , (C.B.S.E. 1991) 13. _ Using Gauss’s law, show that no electric field intensity 

6. Derive, using Gauss’s theorem, an expression for the exists inside a hollow charged conductor. (C.B.S.E. 2000) 
electric field of an infinitely long line of charge having a 14. (a) Define the term electric flux. State its units. 

uniform charge density A C m™. AC.B.S.E. 1990) (b) A sphere S, of radius r, encloses a charge Q. If there is 


7s .otate Gauss’s theorem in electrostatic and express it another concentric sphere S, of the radius r, (r, > 14) and 
mathematically. Using it, derive an expression for electric there be no additional charges between S, and §,, find the 


Turaceney a point near a thin Peta Para oni . ratio of electric flux through S, and S,._(C.B.S.E. 2001 S) 


SKED LONG ANSWER QUESTIONS | 
— Carrying 5 Marks 


1. State and prove Gauss’s theorem in electrostatics. Deduce 3. State Gauss’s theorem. Give its mathematical expression. 
“Coulomb’s law from Gauss’s theorem ? Derive an expression for the electric field intensity at any 
CEEPS S:@-E-n999 5) Sh due to an infinite plane sheet of charge density o 

2. State and prove Gauss’s law in electrostatics. Find electric en (C.B.S.E. 2001) 
field intensity due to a uniformly charged wire. 4. State Gauss’s law in electrostatics. Apply this law to show 


(H.S.S.G.E. 1992) that for a spherical shell, the electric field inside the shell 


Type A. On Electric flux 
1. 


vanishes, whereas outside it, the field is as if all the charge 


has been concentrated at the centre. (C.B.S.E. 1992) 
Derive expression for the electric field due to a uniformly 
charged spherical shell at a point (i) inside and (ii) outside 
the shell. (C.B.S.E. 1991) 


(a) A rectangular frame of wire of 25 cm x 15 cm is placed 
in a uniform electric field of strength 2 x 10* NC-}, such 
that the plane of the coil is normal to field. Find the electric 
flux linked with the rectangular frame. 
(b) Calculate the electric flux linked with the frame, when 
it is converted into (7) a square and (ii) a circular frame. 
(c) In which case is the electric flux maximum ? 

[Ans. («) 750 N m* Ct; (b) (i) 800 Nm? CT; 

(ii) 1018-6 N m2 C~! ; (c) circular frame] 

A plane surface having area of 0-5 m? is placed inside a 
uniform electric field of strength 5 x 10° N C-!. Calculate 
the electric flux through the surface, when the normal to 
its plane makes an angle of (i) 30°, (ii) 60°, (iii) 90° with the 
direction of the electric field. 

[Ans. (i) 2165-1 N m? C ; (ii) 1250 N m* C* ; (iii) 0] 
There is uniform electric field of 3 x 10° i N C-!. What is 
the net flux of the uniform electric field through a cube of 
side 20 cm oriented so that its faces are parallel to the co- 
ordinate planes ? [Ans. 0] 


Type B. On Gauss’s theorem 


4. 


A point charge of 10-” coulomb is situated at the centre of 
a cube of 1 m side. Calculate the electric flux through its 
surface. (PS.S.C.E. 1992S) [Ans. 1-13 x 10*N m* C"!] 
A point charge of 5 iC is situated at the centre of a sphere 
of radius 0 - 2 m. Calculate the electric flux through its 
surface. Given, €, = 8 - 854 x 10712 C2. Nz! m2. 
[Ans. 5-65 x 10° N m2 C-] 
Find the electric flux through each face of a hollow cube 
of side 10 cm, if a charge of 8-854 piC is placed at its centre. 
[Ans. 1-67 x 10° N m* C1] 
A point charge of 12 pC is located at the centre of a cube 
of side 1:m. Calculate the electric flux through each face 
of the cube. (H.S.S.C.E. 1999 S) [Ans. 2:26 x 10° Nin? C“!] 
If the number of electric lines of force emerging out of a 
closed surface are 10°, calculate the charge enclosed by the 
surface. [Ans. 8-854 x 10°? C] 
An electric flux of —6 x 10° N m2 C“! passes through a 
spherical Gaussian surface of radius 10 cm due to a point 
charge placed at the centre. (7) What is the charge enclosed 
by the Gaussian surface ? (ii) If the radius of the Gussian 
surface is doubled, how much flux would pass through the 
surface ? (C.Br0- 5.1999) 
[Ans. (i) — 5-31 x 10-8 C ; (ii) unchanged] 


Type C. On calculation of Electric field onthe basis 


10. 


11. 


of Gauss’s theorem 


A charged particle having a charge of —3 wCis placed 
close to a sheet of charge having a surface charge density 
5 x 10° C m~. Find the force of attraction between the 
particle and the sheet of charge. 

[Ans. 0-847 N (attractive)] 
In problem no. 10, if the sheet of charge is replaced by a 
conducting charged plate, what will be the force of 


12. 


13. 


14. 


15. 


16. 


ve 


18. 


19. 


20. 


State Gauss’s theorem in electrostatics. Apply this theore 
to calculate the electric field due to a solid sphere of cha 

at a point (a) outside the sphere (b) on the sphere and 
inside the sphere. (P.S.S.C.E. 1998 S ; C.B.S.E. 19S 


FREQUENTLY ASKED NUMERICAL PROBLEMS ~ 


For Practice 


attraction between the particle and the plate. 
[Ans. 1-694 N (attractiv 
Aparticle of mass9 x 10~ gis keptovera large horizon 
sheet of charge having surface charge density 5x 10-°Cm 
What charge should be given to this particle so thai 
released, it doesnot falldown? [Ans.3-12 x 10-13 
In problem no. 12, if the sheet of charge is replaced bj 
conducting charged plate, what charge would be given 
the particle, so that if released, it does not fall ? 
[Ans. 1-56 x 10-8 
Two large conducting plates are placed parallel to ea 
other with a separation of 2 cm between them. An electr 
starting from rest near one of the plates reaches the ott 
plate in 2 ps. Find the surface charge density of the plat 
[Ans. 2.52 x 10 Cm 
In problem no. 14, if the two conducting plates are replac 
by two sheets of charge, what will be the charge density 
the sheets of charge ? [Ans. 5-04 x 10-8 Cm 
Assume that earth has a charge of surface density 
electron per metre?. Calculate the earth’s (i) electric field 
electric potential just outside the earth’s surface. 
[Ans. (i) 1-81 x 10° N C"! (radially inwwar 
(ii) — 0-1157 
The radius of thon nucleus (Z = 79) is about 7-0 x 107 
Assuming that the positive charge is distributed uniforn 
throughout the nuclear volume, find the strength of { 


‘electric field (a) at the surface of the nucleus and (b) at | 


middle point of the radius. 
[Ans. (a) 2-32 x 102! N C+}; (b) 1-16 x 102! NC 
MICELLANEOUS PROBLEMS 


Almg ball carrying a charge of 2 x 10°C hangs fror 
thread. When a large conducting plate of charge 
brought near the ball, the thread makes an angle of : 
with the plate. What is the surface charge density 
the plate ? [Ans. 2-505 x 10-7 C m 
If a small sphere of mass m and charge q hangs froma s 
thread at angle 6 with a charged conducting plate, sh; 
that for equilibrium of the sphere, the surface chaz 


wiicd 


density for the plate is e, —> tan 0. 


An e’ectric dipole AB consists of charges + 5 nC a 
separated by a distance of 2 x 10 m. As shown in F 
4.20. The dipole is placed near a long line charge hav 
linear charge density 4-5 x 10-* C m“}, such that | 
negative charge is at a distance OA = 2-5 cm from ~ 
line charge [Fig. 4.20]. Find the force acting on | 


dipole. [Ans. 0-12 N (towards the line charg 
i ay : 
+ 
Fe Wi ae 
OF>+== eo——_® 
piakana 2 B 
a 
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pe ~ SCLUTIONS/HINTS TO NUMERICAL PROBLEMS 5 FOR PR: PRACTICE _ 


1. 


10. 


Here, A = 25 x 15 = 375 cm? = 375 x 104 m?; 
Ee2 x 10°N 
(a) 6 =E A=2 x 104 x 375 x 104*= 750 N m2 C1 
(b) (i) When rectangular frame is converted into a square 
frame: 
2 (25+ 15) 


One side of the square = al a we = 20cm 


Area of square, A, = 20 x 20 = 400 cm? = 400 x 10 cm? 
Now, ¢, = E A, =2 x 104 x 400 x 10+ = 800 N m2 C1 
(ii) When rectangular frame is converted into a circular 
frame: 

2(25+15) 40 


Radius of circle, r = 
Pay § IX 


Area of circle, A, = 117 = te 
Ea 


= 509-3.cm? = 509-3 x 104 m? 
Now, $) = E A, = 2 x 104 x 509-3 x 10 = 1018-6 N m? C"} 
(c) Since ¢, is greater than both ¢ and ¢,, the electric flux 
is maximum in case of circular frame. 
issoet: as in solved problem no. 4. 02. 
Here, E=3x109iNC? ; 


A= 20 x 20 = 400 ng 4x 10°?'m? 
Bie a face poids to XY-plane : 


A= = = ie ? km? 
$= E “Ay =(3x 10° i)-(4x 10-7 k)=0 
Through a face parallel to YZ-plane : 
> A 
Ay = 4x10-* im? 


moe 3% 24 eet 
2 = E- Az =(3X10° i)- (4 10 ~ 1)=120Nm*C 
ecsr a face ravens to ZX-plane:.. . , 
Ale 4x10°2 jm? 


$3= Te -A3 = (3X10? i)- (4x10-7 j)=0 
In each plane, there is a set of two faces of the cube. 
Through one face, electric flux enters and throu gh the other 
face, an equal flux leaves. Therefore, 
net flux through the cube, 
$ = (1-1) + (p~p) + Near, 3) = 
apieiink ouiehoie coy yet, x 10* Nm’? C7 
9 8-854x 10 
Proceed as in problem no. 4. . 
Total electric flux through the cube (all the six faces), 
q _ 8-854x10°° 
OR_* IRs 72 
&) 8-854x 10 ; 
Therefore, electric flux through each face of the cube, 


6 
p= 2 @= 92 = 1.67 10° N me C4 


=10°Nm?C;! 


Proceed as in problem no. 5. 

q = & @ = 8-854 x 107! x 10° = 8-854 x 10° C 

(i) q = &) = 8-854 x 10°? x (- 6 x 103) =- 5-31 x 10° C 
(ii) There will be no change in flux, when radius of 
Gaussian surface is doubled. 


x 107° 
Petia (asi se 
2 £9 2x 8-854 10 
= 0-847 N (attractive) 


11. 


12 


13. 


14, 


15. 


16. 


x 107° 
F=qE=q ma aM oe ge pa 
£9 8-854 x 10 


= 1-694 N (attractive) 
Let q be charge given to the particle. As the particle does 
not fall on being released, 


gE=meg or (sz J-ms 


_ 2egmg _ 2x8-854x10 7x 9x10 °x 9-8 
a | == | sxe. = > 
=3-12x108C 

€ymg 8854x1017 x9x10-°x9-8 


Now, q=0—s =2°**" ae 8s 
4 o 5x107° 


or 


= 1-56 x 108 C 
Let o be surface charge density of the conducting plates. 


20 
Then, electric field between conducting plates, E = = 
0 


20 
Force on electron, F = e x er 
0 
If m is mass of electron, then acceleration produced, 
Fare x2 0 


hate OES 


m ae £9 
Since the electron is initially at rest 


1 it een 12.0: 
S=0%f+—af =3K= x — xt* 
2 2 m Eo 
Ey mS 
or = 
et? 


Here, m= 9-1 x 10! kg ;S=2 cm =0-02 m; 
eisth6 x 10-19 C and #=2 ys=2x 10s 
_8-854x 10? x 9-1x 10°! x 0-02 
“is BR 10 OK 2X 10) 
= 2-52 x 1073 C m2 
Electric field between two large sheets of charge, 
pit: 
£0 
Proceeding as in problem no. 14, it can be obtained that 
_2e9mS_ 2x8-854x 1077 x 9-1x107*! x 0-02 
fies Be 1-6x107!9x (2x 107°)? 
= 5-04 x 10°13 Cm? 
Here, o = 1 electron m~ = -— 1-6 x 10°19 C m=, 
radius of earth, R = 6400 km = 6-4 x 10°m 


Therefore, total charge on earth, q = 42 R? 0 
(i) Electric field just outside the surface of earth, 


wna A" 1 4nR’0_ a 

L 4k & R2 47 €p R2 Eo 
atel-6x104 aes 
eicsasci = LSExaDSNC 


= 1-81 x 10° N C1 (radially inward) 
(ii) Electric potential just outside the surface of earth, 


a et See! 42R’0_ Ro 
hus, R Are Ey Eg 
4x 10°x (—-1-6x 10°” 
ee iia OdI57'V 
8-854x 10 


17. He 


18. 


q=iZe CR 

(a) Electric field at the surface of gold nucleus, 
Tey * Ox Tex ox 10 

(7-0x10 %)* 


= 2-32 x 1074 N Ct 
(b) Despite the fact that gold is a conductor, it has been 
assumed that the positive charge is uniformly distributed 
over the entire nuclear volume. To find electric field at the 
middle point of the radius, draw a spherical shell of radius 
R/2 as the Gaussian surface. Therefore, 
charge enclosed by Gaussian surface, 


aod (S) 4 (2) q 1 
=-—a|—| xp=z>a|/—| x———=- 
A Se ae REL Te A hate ee ee 


Therefore, electric field at the middle point of the radius 
; 1 q’ 1 1/8q 


es : 5= Sx 5 
4u& (R/2)° 4%€ (R/2) 


1 1 q 1 
2 47 & R 2 


1 
= — x 2.32x 107!=1-16 x 1077N C1 


2 
Here, m = 1 mg = 10®kg;q=2x 10°C 

cS) 
i ++ 

ttt 

“1 TIT CHARGED 
ra CONDUCTING 
 . TOP LATE 
wen i 

ee ei = N +1]+ 
: ‘ 
1 cites 
mg bgehs 
Fig. 4.21 Cd 


Let o be charge density of the conducting plate of charge. 
Then, electric field due to the plate, 


oO 
E=— 
£0 


19. 
20. 


bib eliaes MERZ 
AN SN AN > ot 
eS BM £0 Saas 
q SN 
_ 8-854x 107! x 10° x 9-8 x 0-574 
2x10°8 

= 2:505 x 10? C m 

Proceed as in problem no. 13. 


Electric field at a distance r from the line charge, 
hinge 


or 


2X Ep 1 
To calculate force on charge — q at point A: 
Here, OA = 2:5 cm =2.5 x 10 m 
Electric field at point A, 


1 4-5x10~4 
ee ee ae 
2a X 8-854 x 10 2°5x 10 " 
= 3:24 x 108N Col 
Force on charge — q at point A, 


F, = q-E, =5'x 10°? x 3-24 x 108 | 
'-21.62N (towards line charg 
To calculate force on charge + q at point B: 
Here, OB = 2-5 x 107 +2 x 10° =2-7 x 107 m 


Electric field at point B, ; 
ia wees eel gees IT 
22x 8-854x 10 2-7x 107 
“=30«10°N C1 


Force on.charge'+ q at point B, 
ii Bystiq By, Ox 10°7:« 3.0 x 10° 
LOG ets N 
Hence, net force on electric dipole, g 
F=F,-F, = 162-15 - 
= 0:12'N (towards line charge) 


(away from line charg 


mm 5.01. CONDUCTORS, INSULATORS AND DIELECTRICS 

The carriers of current in metals are free electrons. The free electron model for 
1e metal can explain some of the observed properties of the metals in a qualitative 
lanner. 

The elements, in which the valence shell is filled less than half, are found to 
e good conductors. For example, in metals such as copper, aluminium, silver, etc, 
1e valence shell contains three or less electrons. Since an atom has a tendency to 
ave a filled valence shell, the valence electrons in the atoms of a metal leave the 
foms and are free to move through the metal lattice in a random manner. They 
mstantly collide among themselves and with the positive ions Hake in the metal 
tice. They have practically no affinity to their parent atoms. 

The average velocity of free electrons in a metal is zero. But when an external 
ectric field is applied across the two ends of a metal, the free electrons experience 
ce and get accelerated. There is a net flow of electrons through the metal. It is 
yund that as the strength of the applied electric field is increased, more and more 
ee electrons cross through a section of the metal. As such, the metals are termed 
3 conductor for electricity. 

The materials which do not have free electrons in them are unable to conduct 
ectricity and are termed as insulators. An insulator may behave in the following 
VO Ways : 

1. It may not conduct electricity through it and as such it is called insulator. 

2. It may not conduct electricity through it but on applying electric field, induced 
larges are produced on its faces. Such an insulator is called dielectric. The valence 
lectrons in atoms of a dielectric are tightly bound to their nuclei and ordinarily 
unnot detach themselves. 


i 


me 5.02. BEHAVIOUR OF A CONDUCTOR IN ELECTROSTATIC FIELD 


We know that a conductor possesses free electrons inside it. When a conductor 
placed inside an electrostatic field, the free electrons in the conductor move in a 
irection opposite to that of the applied field [Fig. 5.01]. Thus, rearrangement of 
lectrons takes place. The final distribution of charges at the surface of the conductor 
such that field set up due to charges on the surface of conductor just cancels the 
pplied field and hence net field inside the conductor is zero. In case the electric 
eld had been non-zero inside the conductor, it would lead to flow of current in 
1e interior of the conductor. Further, the electrostatic field at the surface of the 
onductor or just outside it cannot have tangential component. Had it been so, it 
rould lead to the flow of surface current. Thus, when the conductor is placed in 
1e electric field, the field will be of the form as shown in Fig. 5.02 i.e. the ae 
eld lines will enter or leave the conductor at right angles to the surface of the 
onductor. 

The fact that net electric field inside the conductor is zero implies that there 
an be no net charge anywhere in the interior of the conductor. It can be proved by 
sing Gauss’s theorem as follows : v 

Consider a gaussian surface just inside the surface of the conductor. Since there 
no electric field inside the conductor, the electric flux through the gaussian surface 
10uld be zero. According to Gauss’s theorem, the charge inside the gaussian surface 
\ust be zero i.e. there is no charge in the interior of the conductor. 

Therefore, when a conductor is placed in an electric field, the following 
oynditions apply to it : 

1. Inside the conductor, both the electric field and the charge are zero. 

2. Charges reside only at the surface of the conductor. 

j 


97 


Key point. 


The dielectrics do not conduct electricity. 


On applying electric field, induced char- 
ges of opposite kinds develop on their ' 


opposite faces. 


t+eHetttetteete+t 


ie 
ascii 


= CONDUCTOR 


t++etteetrt+rest 


3. Immediately outside the 
to its surface. , 
4. The entire body of the conductor (including its surface) is at constant potential. Itis 1. When a conductor is charged, charg 
because, electric field inside the conductor can be zero, only if potential inside the conductor _ resides on its outer surface. 
is constant. 2. When a conductor is placed in elect 


mmm 5.03. ELECTRICAL CAPACITANCE field, the field inside the conductor is Zen 
Electrical capacitance of a conductor is related to its ability to store the electric charge. 
When a conductor is given some electric charge, it is raised to some potential. 

As more and more charge is given, its potential increases accordingly. If charge q is 

given to the conductor so that its potential increases by an amount V, then it is found 

that 


Key point 


q av 
or g=CV me fo A NYE 
where the constant of proportionality C is called the capacitance of the conductor. 
Its value depends upon the shape and dimensions of the conductor. It may be pointed 
out that the capacitance of a conductor does not depend upon the material of the | The capacitance of a conductor depends 
conductor but depends upon the nature of the medium (its relative permittivity or upon its shape and size. It does not depenc 
dielectric constant) in which the conductor is located. upon the nature of the material of 


From equation (5.01), we have conductor but depends upon the natur 0 
q medium in which it is placed. 


— = 


Key point 


Thus, capacitance of a conductor may be defined as the ratio of the electric charge on 
it to its electric potential due to that charge. 
Further, if V=1, then 
C=q 
Therefore, the capacitance of a conductor is numerically equal to the electric charge 
required to raise its electric potential through one unit. 
In SI, the unit of capacitance is farad. 


1 coulomb 
1 fared (Be eee ee ea caulianitacy EMC sed 
1 voit (V) 


A conductor is said to have a capacitance of one farad, if 1 coulomb of charge raises its 
electric potential through 1 volt. 
In practice, the following smaller units of capacitance are also used : 
1 microfarad (uF) = 10° farad 
1 microfarad (4pF) = 10-!* farad 
1 uF is also known as 1 picofarad (pF). en Pinal Rituals cia 


mmm 5.04. CAPACITANCE OF AN ISOLATED SPHERE 

Consider an isolated spherical conductor of radius r having charge g. Suppose 
the conductor is situated in vacuum or air {Fig. 5.03]. The charge on the spherical — 
conductor may be assumed to be present at its centre O. Then, potential at any point ~ 
on the surface of the conductor is given by 


Rene PA. 

god weaaer’ 

where €, = 8 - 854 x 10-!? C? N-! m* is absolute permittivity of the free space. 
Therefore, capacitance of the isolated spherical conductor situated in vacuum ~ 


(or air) is given by 


or C=4z7er (5.02) 
Hence, the capacitance of an isolated spherical conductor is 4 7 €, times its 
radius. It may be pointed out that in the above expression for capacitance, risin fom equation (5.02), show that units o! 


metre and C is in farad. absolute permittivity are farad metre” 

mmmm5.05. PRINCIPLE OF A CAPACITOR (F nv }), 4 
A capacitor is a device for storing a large quantity of electric charge. ee 
A conductor can store a small amount of charge and hence it possesses asmall FS5}#'Wellha inte 

capacitance. To store a large amount of charge, two (or more) conductors are 

arranged to form a capacitor. Thus, a capacitor posseses a large capacitance to store Using equation (5.02), show that one fara 

charge and that too in a small space. is a huge capacitance. 


Pp principle of a capacitor, consider an insulated : 
al plate A. Sappdse that it is given positive charge, till its potential becomes 


A B 
dmum. The metal plate will not hold any more charge over it. If charge is given Tay ~_t 
ae metal plate A, it will leak to the surroundings. Now, place another metallic +14 hy 
e Bnear plate A. Due to induction, negative charge will be induced on the nearer 
of plate B and positive charge on its farther face as shown in Fig. 5.04. The +9 + -|+ 
ential of plate A gets lowered due to induced negative charge on plate B and a 
raised due to the induced positive charge. Since the metal plates have finite i mel Phe 
kness, induced negative charge is nearer to the plate A than the induced positive — +h+ —§+ 
rge on plate B is. Therefore, on the whole, the potential of plate A gets lowered, Fig. 5.04 


igh by a very small amount. In order to make the potential of the metal plate A 
in the same, an additional small amount of charge has to be given to plate A. It 
cates that the capacitance of a conductor increases by a small amount, when 
ther uncharged conductor is placed near it. A 
Now, connect the metal plate B to the earth as shown in Fig. 5.05. The induced 
itive charge on plate B will immediately flow to the earth as it is repelled by 
itive charge on plate A. However, the induced negative charge on plate B will 
on it. It does not flow to earth as it is attracted by the positive charge on plate 
hus, the metal plate B will have only negative charge on it after being connected 
arth. Due to the induced negative charge on plate B, the potential of A will get 
ered by a large amount: In order to raise the metal plate A again to the same 
ential, a large amount of charge has to be given to it. Thus, it follows that the 
acitance of a conductor is increased greatly, when an earth connected conductor 
laced near it. It forms the principle of a capacitor and such an arrangement of 
‘metal plates is called a capacitor. ;, 
An arrangement of two metallic conductors, so:that when one conductor is connected Fig. 5.05 
we earth ; the other conductor has the ability to store‘a large amount of charge on it, is 
d a capacitor. 
The two metallic conductors are called coatings of the capacitor. If the coatings 
spherical, cylindrical or plane ; the-capacitor is accordingly called a spherical 
acitor, cylindrical capacitor or parallel plate capacitor. The insulating medium 
ween the two plates is called dielectric. If the insulating medium between the two 
es is air, it is called air capacitor. If dielectric has dielectric constant K, then 
acitance of the capacitor becomes K times its capacitance as air capacitor. 


5.06. PARALLEL PLATE CAPACITOR 

It is most commonly used capacitor. It consists of two conducting plates placed 
allel to each other [Fig. 5.06]. The separation d between the plates is very small 
ompared to the area of the plates. Due to small separation between the plates, : 
fringing of electric field at the boundaries is negligible. ; AREA=A 

If charge + q is given to plate A, then charge — q is induced on the left face of / 
e B and charge + q on its right face. When plate B is earthed, the charge + q on 
ight face flows to earth. Due to charge + q on plate A and — q on plate B, electric 
1 is set up between the two plates. 

The electric field between the two plates is also given by 


+ + + + + 
+ + + + + 
{3S ete f 

wo 

$a} J 

fa Fe 


E= - (in magnitude) 


Between the two parallel plates, the electric field is uniform* and perpendicular 
he plates. Therefore, if V is potential difference between the two plates, then 


E:= has [For uniform field, Ny = 4 
d dn wid 
or V=Ed ...(5.03) 


Substituting for E in equation (5.03), we have 
If o is surface charge density of the plates, then the two electric field between 
plates is given by 


E= aad the two ee. In onder to minimise the 
£9 ; edge effects, the separation between the 

Te €, is absolute permittivity of the free space. (It is assumed that medium plates is kept small. 

ween the plates is vacuum or air). mets 


oe EE ey ee ee ee no ean) 
* However, near the edges of the plates, the electric field is not uniform. But the edge effects become small, if the area of plates is very 
e as compared to the square of the separation between the plates. To avoid ae effect, the cApariNOS; with guard rings are used. 


If C is the capacitance of the parallel plate capacitor, then 


Ne ees ee 
V qd/egA 
A 
or quien 7 ...(5.04) 


It gives the capacitance of a parallel plate capacitor, when its plates are held.in.,, 
air or vacuum. 


A spherical capacitor consists of two concentric spherical shells; such that one 
shell is earthed and the other is used to store charge on it. The two spherical shells. 
have a very small spacing between them, which is filled with some dielectric, 


medium, such as wax, paper, etc. As such, a spherical capacitor possesses a very — 


large electrical capacitance. 

Expression for capacitance of a spherical capacitor: Fig. 5.08 shows a: spherical’ 
capacitor consisting of two spherical shells A and B. Let a and@b be their: respective 
radii. The outer spherical shell B is connected to earth: When charge + q is given 
to inner spherical shell A, it induces charge — q on the inner surface of the shell B 
and + q on its outer surface. As the shell Bis earthed, the charge + q on its outer © 
surface flows to earth. If V is potential difference between the ee shelis A and 
B, then capacitance of the spherical capacitor is’ given te 


C= 


Let us now find the Seteniial difference Sibel the two spherical shells. In | 
case of parallel plate capacitor, the electric field between the two plates was uniform 
and the potential difference between the two plates was simply equal to E d. Here, 
in the space between the two spherical shells, the electric field is not uniform. It varies 
with distance and is given by 


B= ee (in magnitude) 


dV =Edr 
The potential difference V between the two spherical shells A and B can be 
found by integrating both sides between the proper limits. Therefore, 
B b 


v=fav= [Ear (5.05) 


A a 
To find the value of V, let us find electric field E at any point, say P between 
the two spherical shells. Let r be the distance of point P from the centre O of the 
spherical shells. Consider the spherical surface of radius r (shown dotted) through 
point P as the gaussian surface [Fig. 5.09]. The gaussian surface encloses the spherical 
shell A and hence the charge enclosed by the gaussian. surface is g. According to 
Gauss’s theorem, the total electric flux through the gaussian surface, 
a (6.06) 
As the magnitude of electric field at every point on the gaussian surface is same, 
we have 
-® =E x surface area of gaussian surface 


or ®=Ex4ar- (5.07) 


Substituting for E in equation (5.05), we have 


b 
b b | 
ve] : sl, Pita noel ph Sy apts oi LTA RI | bt 
47 Eq r2 4N Eq ANE, -—1 ANE, hg 
a ; a a 
in 8) a le A sa: 
4me€,| b a 4me, ab 
a 
Therefore, capacitance of the spherical capacitor is given by 
Vv 4ne, ab 
ab 
or C=476&- ny ...(5.08) 


It is the expression for the capacitance of a spherical capacitor. 
We know that the capacitance of spherical conductor of radius a is given by 
C’=47&-a ...(5.09) 


Since > a, from equations (5.08) and (5.09), it follows that C > C’. 


Thus, the arrangement of the two spherical shells as explained above leads to 
crease the capacitance of a spherical conductor. 
ge 5.08. CYLINDRICAL 

A cylindrical capacitor consists of two coaxial cylindrical shells, such that one 
all is earthed and the other is used to store charge on it. The two cylinderical shells 
ive a very small spacing between them, which is filled with some dielectric 
edium. 

Expression for capacitance of a cylindrical capacitor. Fig. 5.10 shows a 
lindrical capacitor consisting of two cylindrical shells A and B. Leta and_b be their 
spective radii and / be length of the cylindrical shells. When charge + q is given 

the inner cylindrical shell A, charge equal to — q is induced on the inner surface 
the cylindrical shell B and charge + q on its outer surface. As the shell B is earthed, 
e induced charge + q on the outer surface flows to earth. 

If V is potential difference between the cylindrical shells A and B, then 

pacitance of the cylindrical capacitor is given by 


ey 
Vv 


As in case of a spherical capacitor, electric field in the space between the two 
lindrical shells is also not uniform. Therefore, if electric field at any point P at a 
stancer from the axis of the cylindrical shells is E, then potential difference between 
e two shells is given by 

b 
V=[Edr ..(5.10) 
: 
To find the value of E, draw a cylindrical shell of radius r through point P as 


e gaussian surface [Fig. 5.11]. It encloses charge q on the inner cylindrical shell A. 
ccording to Gauss’s theorem, the total electric flux through the gaussian surface, 


o=1 (5.11) 


Eo 
As the magnitude of electric field at every point on the gaussian surface is same, 
e have 
® = E x surface area of gaussian surface 


or ®=Ex2arl ..(5.12) 
From equations (5.11) and (5.12), we have 
BxM2aTL= wy or = q 


Eo 2H E rl 


The smaller the difference between the 
lii of the two coatings of a spherical 
capacitor, greater is its capacitance. 


Self-test Question ? 


Show that the capacitance of a spherical 
capacitor having coating of radii r and R 
(R > r) is quite large as compared to the 
capacitance of a conductor of radius R. 
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Substituting the value of E in equation (5.10), we ssi 


b b b 
q Y r 
V-|Ea2| oe 4 I 
J ; ere ii is sel be  2ne Fi 08." | 
a a 
q q b 
= log, b-1 = log, — 
Ine] °F Bea) 2m EI re 


Therefore, capacitance of the cylindrical capacitor is given by 


q q b 
Fg et lowe — 
V e/g le 


S2e,] veesoe, | 


or G ; , (5.13) 
log, — 2-303 logi9 " 
a 
Also, capacitance of the cylindrical capacitor per unit length is given by 


2HE Ps 28 


C= (5.14) 


log, : 2-303 logio * 
gu .09. GROUPING OF CAPACITORS 


In practice, the capacitors are grouped in two ways i.e. in series and in parallel. 
When the capacitors are connected in series, the net capacitance decreases, while 
when connected in parallel, the net capacitance increases. 


gum. 10. CAPACITORS IN SERIES 


Fig. 5.12 shows the method of connecting three capacitors of capacitances C,, | 


C, and C; in series. 


When charge + q is given to plate A of the capacitor C,, it induces eharaes: que 
on left face and + q on right face of the plate B. Thus, plate C of the capacitor C, also, 
gets charge + q on it. Then, it induces charge — gq on left face of plate D and charge — 
+ q on plate E of the capacitor C,.The charge + q on plate E induces charge —q on — 
left face of plate F, while the charge + q induced on its right face flows to earth. Thus, , 
the three capacitors get charged with same amount of charge + q, when charge +q _ 


is given to the first capacitor. 
Let V,, V, and V, be potential differences across the plates of the three 
capacitors. If V is the potential difference across the series combination, then 
V=V,+V,+V3 
From the definition of capacitance, 


Ci Cy C3 
4 q q 1 1 1 
WW f + = ot ap + (515 
Oo Hl jae, OE 4 [2 CIM Sob 


Let Cbe the equivalent capacitance of the series combination. Therefore, when 
a potential difference V is applied across a capacitor of capacitance C, it will also sotre 
the same amount of charge. 


Hence, Vv -7 (5.16), 
From equations (5.15) and (5.16), we have ; 
CE) Pe : 
C Ci haC>. Cs 
or Rees | a ABAD) 


Thus, the reciprocal of the resultant (equivalent) capacitance of the series combination ' 
of a number of capacitors is equal to the sum of the reciprocals of the capacitances of individual — 
capacitors. : 
mag. 11. CAPACITORS IN PARALLEL i 

Fig. 5.13 shows the method of connecting three capacitors of capacitances C,, | 
C, and C; in parallel. One plate of the each capacitor is connected to the source of — 


e.m.f. and the other to the earth. In this manner, all the capacitors are directly _ 


Oi AEs ad ed mad i RE ag Bl Rigen f 
Pe ser, , Te Meo od anek, Bf A 


ected between the source of e.m.f. and the earth and thus possess the same 
tential difference across their plates. As the capacitors have different capacitances, 
ey will draw different amounts of charge from the source of e.m.f. If V is potential 
fference across the parallel combination and q,, q, and q, are the values of the 
larges on the capacitors C,, C, and C; respectively, then 
9, =", Vi %=CQ,V and 9,=C3V 
Total charge on the parallel combination of the capacitors, 
9 =49, + 47+ 93=C,V+C,V+C,V 
or g=(C, +C,+C,)V shy. LO) 
If C is the capacitance of the parallel combination, then 
g=CV 3.(D.09) 
From ea (5.18) and (5.19), we have 
=(C,;+C,+C,3) V 
or jack ee thy +G 2. (5220) 
Thus, the resultant (equivalent) capacitance of the parallel combination of a nuniber 
capacitors is equal to the sum of the capacitances. of the individual capacitors. 


mM 5.12. ENERGY STORED IN A CHARGED CAPACITOR 

If we connect a battery across the two plates of the capacitor, the work is done 
r energy is supplied) by the battery in charging the capacitor. As the capacitor 
larges, potential difference across its plates increases. More and more work has 
be done by the battery in delivering the same amount of charge to the capacitor 
1e to continuously increasing potential difference across its plates. 

The work done i in charging a capacitor is prs in the capacitor in the form of electric 
UAE 

Consider a capacitor of capacitance C. Suppose that the capacitor does not 
yssess any charge, initially. On being connected to a battery, suppose that it charges 
a potential V after some time. If q is charge on the plate of the capacitor at that 
ne, then 

ER GAN 

- Suppose battery supplies an infinitesimally small amount of charge dq to the 
pacitor at constant potential V. Then, according to the definition of potential 
fference, the small amount of work done by the battery is given by 


dW = V dq = a dq 
Therefore, amount of work done in delivering charge q to the capacitor is given 


f q 
1 2 


PAdayent dog | 4 
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This work done is stored inside the capacitor in the form of the electric potential 
ergy. Therefore, energy stored in the capacitor, 


glad 
2G 


= 55 (5.21) 
Substituting for q (= C V), equation (5.21) becomes 
2 
U= nh (CV) 
pr ee 
1 
or Us ry C Vv? (5.22) 


or Aa qV (5.23) 


Therefore, energy stored in a ta Wie is given by 


1 
y-1f ~ cvs yyv 
re io) 


ombination of capacitors, 
‘differene across each : capacitor 


@ charge ona Gene oe is proportional to 
its capacitance and _ 


(iii) the equivalent capacitance is greater 


than the capacitance of the largest 
capacitor. j 


Key point a 


The energy stored in a charged capacitor 
resides foeuler it in the sides of electric 
field. 


CAPACITORS 
Consider two capacitors having capacitances C,, C, and potentials V,, V, 
respectively. 
Then, the total energy of the two capacitors, before they are connected, 


1 1 
U=U,+U,=, C, V+ 5 ome 


Wher the two capacitors are connected together, total charge on the capacitor, 
q=% +H=CV,+G V2 

Total capacitance of the two capacitors, C = C, + C, 

Therefore, total energy of the two capacitors, after they are connected, 


19 100GV\Y+QV," 
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1 al 1(C, Vi+Cy V>)* 
Now, tL Use | tee Rapes Ui Voie A 11 
ou ( Ar ae Drie Aue 


SN ORVE ¥CICSVE POC Ve 4 Cae VE aVsi" 
ng 2 (Cy + Co) 


Cy Co Vit V2.2 V, V0) Ci Co (V1, — Vo) 
. 2(QIEC) aD sata) 
= a positive quantity 
Since U — U’ is positive, there is always a loss of energy on connecting the two 
charged capacitors. 


mg5.14. POLAR AND NON-POLAR DIELECTRICS 

We know that in an atom, the negative charge in the form of electron cloud is 
distributed around the nucleus having equal positive charge. As such, in an atom 
or molecule of a dielectric, the centres of gravity of the positive and negative charges 
may or may not coincide and likewise the atoms or molecules of the dielectric are 
termed as non-polar or polar. 

Non-polar dielectric. A dielectric, in the atoms or molecules of which, the centres 
of gravity of positive and negative charges coincide, is called a non-polar dielectric. 

Thus, in atoms or molecules of a non-polar dielectric, the positive and negative 
charges have a symmetrical charge distribution about their centres [Fig. 5.14]. Due 
to zero separation between the positive and negative charges, the electric appre 
moment of such atoms or molecules is zero. 

Polar dielectric. A dielectric, in the atoms or molecules of which, the centres of gravity 
of positive and negative charges do not coincide, is called a polar dielectric. 

Therefore, in the atoms and molecules of a polar dielectric, the positive and 
negative charges possess an asymmetrical charge distribution about their centres 
[Fig. 5.15]. Due to finite separation between the positive and negative charges, such 


Cy vi)- 
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atoms or molecules possess a finite electric dipole moment. The molecules, such 


as NH, HCI, H,O, CO,, etc are examples of polar pees: Water molecule has 
a permanent dipole moment of the order of 6 x 10-28 C m. 
In fact, molecules have normally an asymmetric distribution of charge; For 


example, in an ionic molecule, the electrons are transferred from one atom to some 
other atom in the molecule. The resulting molecule is, therefore, made of positive _ 


and negative ions in different location and must possess electric dipole moment. 


gu 5.15.NON-POLAR ATOM PLACED IN ELECTRIC FIELD 
(POLARISATION) 


When a non-polar atom is subjected to an electric field, the positive nucleus = 


gets pulled along the direction of electric field, while electrons get pulled in the — 
opposite direction [Fig. 5.16]. Due to this, the restoring force is set up so as to bring — 
the electron cloud back to its original state w.r.t. the nucleus. The stretching of atom — 
continues, till the restoring force becomes just equal and opposite to the force exerted _ 


by the applied electric field on the charges. 


The stretching of dielectric atoms due to displacement of charges in the atoms under \ 


the action of the applied electric field is called polarisation. 


gy esult of stretching of the atom, centre of gravity of positive nucleus does 
coincide with that of negative electrons. Due to this, the atom acquires a dipole 
ment. Eyer 


85.16. POLARISATION OF A DIELECTRIC SLAB 


Consider a parallel plate capacitor having vacuum between the plates. Suppose 


t the capacitor is charged with a battery so that electric field of strength E, is set _ 
between the plates [Fig. 5.17]. Ifo and —o are surface charge densities of the two _ 


tes of the capacitor, then the electric field between two plates is given by 
o 
ES 


Eo cs 
Suppose that a dielectric slab of non-polar atoms is introduced between the two 
tes of the capacitor [Fig. 5.18]. As soon as the dielectric slab is introduced, each | 


lecule of the dielectric gets polarised i.e. centres of gravity of positive and negative 
rges get displaced from each other. On the left face, a net negative charge —q;and 
he right face, a positive charge + q; appears. There is no net charge in the interior 
he dielectric marked by the dotted boundary. The charges — q; and + q;on the two 
faces of the dielectric slab are called induced charges. The induced charges set up 
‘lectric field Ey inside the dielectric. It is called electric field due to polarisation. 
- direction of electric field due to polarisation is from positive to the negative 
uced charges developed onthe dielectric slab i.e. along a direction opposite to 
direction of applied electric field E). Therefore, the resultant electric field in the 
ectric is given by 
E=E,-E, eee) 
In other words, on placing a dielectric slab inside an electric field, the strength 
he electric field gets reduced and likewise E is called the reduced value of the 
tric field. 


Dielectric constant. The ratio of the strength of the applied electric field to the strength 
1e reduced value of the electric field on placing the dielectric between the plates of the 


citor is called the dielectric constant of the dielectric medium. - 


It is also known as relative permittivity ot specificinductive capacityandis 


oted by K (ore,). Therefore, dielectric constant of a dielectric medium is given by 
K= 20) (5.25) 


E 

The value of K is always greater than 1. 

Polarisation density. The induced dipole moment developed per unit volume in a 
ectric slab on placing it inside the electric field is called polarisation density. It is denoted 
# 

If p is induced dipole moment acquired by an atom of the dielectric and N is 
number of atoms per unit volume, then polarisation density is given by 


The induced dipole moment acquired by the atom is found to be 
p=ae,E weeAOed) 


Here, constant of proportionality a is called atomic polarizability. For atoms 
h as hydrogen, lithium, sodium, potassium, etc, the value of a is of the order of 
9 m3, while for atoms such as helium, neon, argon, etc,@ has a value of the order 
0°39 m3. Knowing that €, = 8 - 854 x 10-12 Cc? N-! m2, a field of the order of 
V m! will produce an induced dipole moment of the order of 10-74 C m in case 
i, Na, K, etc or 10-°° C m in case of He, Ne, Ar, etc. 

From equations (5.26) and (5.27), we have 

P=Nag,E ...(5.28) 

Let A be area of each plate of the capacitor and d, separation between them. 

Then, the volume of the dielectric slab = Ad 

Since induced charges — q; and + q; are developed on the. two faces of the 
lectric, the slab possesses total dipole moment equal to q;d. Therefore, from 
inition of polarisation density, 


pufid 4 
Ad A 
Since . = Oy, polarisation surface charge density, we have 
P=0 (5,29) 


p 


+ + + + +04 + 


- Therefore, on placing dielectric between the two plates « of a capacitor, 
reduced value of electric field may be expressed as 
o-Op g@ % 


or E=E,- -— ...(5.30) 


sa 
Electric susceptibility. The polarisation density of a dielectric slab is directly 
proportional to the reduced value of the electric field and may be expressed as 
P=Xe,E A531) 
The constant of proportionality x is called electric susceptibility of the dielectric 
slab. It is a dimensionless constant. 
Setting the value of P in equation (5.30), we have 


a ee 
Eo 

or E,=E( + ...(5.32) 
or = =1+¥x »..(5.33) 
Using equation (5.25), we have 

K=1+x (5.34) 
Also, from equations (5.28) and (5.31), we have 

XE, E=Naeg,E ¥ 

or X=Na “i:(5.00) 
so that K=1+Na ...(5,36) 


mmm 5.17. DIELECTRIC STRENGTH 

Consider a dielectric slab placed between the parallel plates of a capacitor. As 
the potential difference across the plates of the capacitor is increased, the strength 
of applied electric field increases and the molecules of the dielectric undergo more 
and more stretching. If potential difference is increased gradually, a stage will come, 


when the electrons break up from the molecules of the dielectric. As a result of this ~ 


electric break down, the dielectric becomes conducting. 

The dielectric strength of a dielectric is defined as the maximum value of electric field 
(or potential gradient) that can be applied to the dielectric without its electric break down. 

The unit of dielectric strength is same as that of electric field V m~!. However, 
the practical unit of dielectric strength is kV mm“. 

The table given ahead gives the value of dielectric constants and strengths of 
some common materials : 


Vacuum 
Air 


‘Water 
Paper 
Mica 

~ Porcelain 


Mmmm 5.18. CAPACITANCE OF A PARALLEL PLATE CAPACITOR WITH 
DIELECTRIC SLAB BETWEEN PLATES : 
Consider a parallel plate capacitor having each plate of area A and separated 
by a distance d. When there is vacuum between the two plates, the capacitance of 
the parallel plate capacitor is given by 


A 
Gee (5,37) 


Suppose that when the capacitor is connected to a battery, electric field of 
strength E, is produced between the two plates of the capacitor. Further, suppose 
that when dielectric slab of thickness t (t < d) is introduced between the two plates 
.. of the capacitor [Fig. 5.19], the electric field reduces to E due to polarisation of the 
dielectric. 
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Now, 
f electric field is E and over the remaining distance (d — t), the strength of electric 
eld is E,. If V is a potential difference between the plates of the capacitor, then 
V=Et+E, (d-?t) 


E E 
Si —~=K =. 2 
ince E or E K’ we have 
E t 
- Foye, d-)=8 (d-t+ 5] 
oO q 
= cell aia LB, 
Now, 0 &) A 
v= (a-1+3) 
£,A K 


Hence, capacitance of a parallel plate capacitor on introduction of dielectric 


ab is given by 
q vi q E) A 
Ge —\= —~ (d-t+t/K= 
Te EEA; nine agence AY) 
Ey A 
C= —_!2—__ 2153 
“a d—t(1—-1/K) patie! 


If the dielectric slab wholly fills the space between the two plates, then t = d. 
1 that case, 


¢ Ey, A 
d—d(1—1/K) 
KA 
or . SE (5.39), 
From equations (5.37) and (5.39), it follows that 
C=KC, 


Since K > 1, it follows that capacitance ofa capacitor increases on introducing 
dielectric slab between its plates. 
ma 5.19. CAPACITANCE OF A PARALLEL PLATE CAPACITOR WITH | 
CONDUCTING SLAB BETWEEN PLATES 


between the two plates of the capacitor ; over a distance t, the strength _ , 


Pa SR Vek 


Key point Vf. 


When a dielectric slab is introduced bet- 


ween the plates ofa Bie its 


@ capacitance i increases, 


(ii) potential difference between late 


decreases, = 
(iii) charge on: the plates. remains 


unchanged and — 


(iv) ee stored j in nthe capacitor de-- 
creases. : Q 


Key point Ws 


When a dielectric slab i is introduced bet- 
ween the pas of a capacitor, mit is 
aba Ate 


eredses. 


Consider a parallel plate capacitor having each plate of area A and sei Np 


y a distance d [Fig. 5.20]. The capacitance of the capacitor is given by 
Pei ' 
C, = ...(5.40) 


Suppose that when the capacitor is connected to a battery , electric field of 
rength E, is produced between the two plates of the capacitor. Further, suppose that 


conducting slab of thickness t (t < d) is introduced between the two plates of thé?" 
ypacitor. The electric field inside the conducting slab is zero. Thus, out of the total" ~ 


~paraticn d between the two plates, the electric field exists only over the distance. 
!-t). As a result, the potential difference will be reduced to 
V=E,(d-#) 


q q 
Vyas. he ome 
“<a thy ( u | 


Therefore, capacitance of a parallel plate capacitor on introduction of the 
mducting slab is given by 


or ac hal SREISE (5.41) 
d(1—t/d) 
Using equation (5.40), we have 
Co , 
= ——t— (5.42 
= (1—t/d) ae 


Thus, on introduction of a conducting slab, the capacitance of a parallel plate 
’pacitor increases, 
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If the conducting slab wholly fills th 
In that case, , 


ie. the capacitance of the capacitor will become infinite. In other words, whatsoever 
amount of charge may be delivered A of the capacitor, it will go on accepting it.The 
reason is that when the conducting slab wholly fills the space between the two plates, 
plate A also gets connected to the earth. As such, when charge is delivered to A, it 
simply flows to the earth through the earth connected plate B. To the observer, it 
appears as if the capacitance of the capacitor has become infinite. 


5.20. VAN DE GRAAFF GENERATOR (High Voltage Generator) 
In 1931, R. J. Van de Graaff designed an electrostatic generator capable of 


generating very high potential of the order of 5 x 10° V, which was then made use 


of in accelerating charged particles so as to carry out nuclear reactions. 
Principle. It is based on the following two electrostatic phenomena : 
1. The electric discharge takes place in air or gases readily at pointed conductors. 
2. If a hollow conductor is in contact with an other conductor, then as charge is 


supplied to the conductor, the hollow conductor continues accepting the charge’ ~ 
irrespective of the fact, howsoever large its potential may grow. The charge 


immediately shifts to outer surface of the hollow conductor. 

Construction and working. Van de Graaff generator consists of a large hollow 
metallic sphere S mounted on two insulating columns C C’ as shown in Fig. 5.21. 
An endless belt of an insulating material is made to run on two pulleys P, and P, 


with the help of an electric motor. The metal comb C,, called spray comb is held near - 
the lower end of the belt. When the spray comb is maintained at high positive © 


potential with the help of E.H.T. source (~ 104 V), it produces ions in its vicinity. The 
sitive ions get sprayed on the belt due to the repulsive action of comb C,, which 


.re carried upward by the moving belt. A comb C, called collection comb is — 
positioned near the upper end of the belt, such that the pointed ends touch the belt 


and the other end is in contact with the inner surface of the metallic sphere S. The 
comb C, collects the positive ions and transfers them to the metallic sphere. The 


harge transferred by the comb C, immediately moves on to the outer surface of the © 
hollow sphere. As the belt goes on moving, the accumulation of positive charge on’ 


the sphere also keeps on taking place continuously and its potential rises considerably. 


With the increase of charge on the sphere, its leakage due to ionisation of surrounding =— si 


air also becomes faster. The maximum potential to which the sphere can be raised 
is reached, when the rate of loss of charge due to leakage becomes equal to the rate 
at which the charge is transferred to the sphere. To prevent the leakage of charge from 
the sphere, the generator is completely enclosed inside an earth-connected steel tank, 
which is filled with air under pressure. 

If the projectiles, such as protons, deutrons, etc are now generated in the 
discharge tube D with lower end earthed and upper end inside the hollow sphere, 
they get accelerated in downward direction along the length of the tube. At the other 
end, they come to hit the target with large kinetic energy and bring about nuclear 
disintegration. 

Van de Graaff generator of this type was installed at the Carnegie Institute in 
Washington in 1937. One such generator was installed at Indian Institute of 
Technology, Kanpur in 1970 and it accelerates particles to 2 MeV energy. 


_SOLVED NUMERICAL PROBLEMS _ 


di gg 


Type A. On Capacitance of a Spherical Conductor In SI, the capacitance of a spherical conductor is given by 
Problem 5.01. Assuming the earth to be a spherical C=4 2 6-4 x 106 
conductor of radius 6400 km, calculate its capacitance. Given, ahh HEY x 10° oS et 
=9x 109 N m2C~, =7-11x104F=711 pF 
ANE, (H.PS.S.C.E. 1998 $: H.S.8.C.E. 1998 $) Problem 5.02. Can a metal sphere of radius 1 cm hold a 
Sol. Tete £26400 = PE RAOG Yh a tanaaaek charge of 1 coulomb ? (LIT. 1975) 
ay 4 Sol. Here,r=1cm =0-01m;q=1C 
=9x10°9N m2C2 Capacitance of metal sphere, — 
SA Fo C=4 neyr=——5 x0-01F 
: 9x10 


is given to it, 
q _1x9x10° 


Wiens =9x10U Vv 
Cc 0-01 


Therefore, for metal sphere to hold a charge of 1 C, it 
| have to be raised to a potential of 9 x 10!! V. But even 
ore such a high potential is reached, the surrounding air 
omes ionised and the charge leaks to the surroundings. 
refore, the given metal sphere will not be able to hold 
rge of 1C. 

Problem 5.03. 27 drops of same size are charged at 220 
ach. They coalesce to form a bigger drop. Calculate the 
ential of the bigger drop. (P.S.S.C.E 2001) 

Sol. Let r be the radius of each small drop. Then, 

capacitance of each small drop, C = 4 me€, r 

Charge on each small drop, q=C V=4 mer x 220 

Total charge on 27 small drops, 

Q=27q=27x4ne,1 x 220 

When 27 small drops coalesec, let R be the radius of the 
yer drop formed. Since the volume of the bigger drop must 
>qual to that of 27 small drops, © ' 

SAR = 27x 5 a7? OTs 

Therefore, capacitance of the bigger drop. 

=4me,R=47€)x3r, 

The charge on bigger drop will be same as that on 27 
ill drops. Therefore, 


27x4 220 
potential of bigger drop = BA ney rx 200 _ 


4NM€)X3r 
ye B. On Capacitance of a parallel plate capacitor 
Problem 5.04, What is the area of the plates of a 2 F 
allel plate capacitor, given that the separation between 
plates is 0-5 cm ? (Text Problem ;.C.B.S.E. 1990 S) 
Sol. Here, C = 2 F ;d=0-5cm = 0/5 x 10m 
We know, €, = 8-854 x 107? C2? N“! m= 


= 1980 V 


€, A 
Now, Gang 
Cd 2x0-5x107 
or A Shee ert os 1-13 x 109m? 


E) 8854x107 

Problem 5.05. A parallel plate capacitor having plate 
2 100 cm? and plate separation 1 mm holds a charge of 
2 uw C, when connected to a 120 V battery. Find the 
lectric constant of the material between the plates. 

Sol. Here, A= 100 cm? = 10 m2 ;d=1mm=10°m; 

g = 0-12 uC =0-12 x 10°C; V=120V 
Let C be the capacitance of the capacitor. Then 


q 0-12x10° 


CL =109F 
V 120 


If K is dielectric constant of the material between the 
tes, then 
&9 KA 


ie 10° x10 hog 
or a a 

€,A 8-854x 107? x10 

Problem 5. 06. Two parallel plate air capacitors have 
ir plate areas 100 and 500 cm? respectively. If they have 


2, when a charge of - 


the same charge and potential and the distance between the 
plates of the first capacitor is 0-5 mm, what is the distance 
between the plates of the second capacitor ? 
(PS'S'GES1997 S) 
Sol. LetA, and d, be area of plates and distance between 
the plates of first capacitor ; and A, and d, be corresponding 
values in case of the second capacitors. If C,; and C, are the 
capacitances of the two capacitors, then 
e,A €,A 
ea = _0;W4 and GC. meg Oe 2 
a, d, 
We know, C= 
Vv 


Since the two capacitors have same charge and potential, 
their capacitances must be equal i.e. C, = C,. 


€ A, & A, 

OL Uta aa = ee 
d, d, 
or dy = An da, 
Ay 
Here, A, = 100cm?; A, =500 cm? 
and d, = 0:5mm =0-05 cm 
dy a 500 x 0-05 = 0-25 cm 
100 


Type C. On Capacitance of a spherical capacitor 

Problem 5.07. The stratosphere acts as a conducting 
layer for the earth. If the stratosphere extends beyond 50 km 
from the surface of earth, then calculate the capacitance of 
the spherical capacitor formed between stratosphere and 
earth’s surface. Take radius of earth as 6400 km. 


Sol. We know that the capacitance of a spherical 
capacitor, 


ab 
b-a 
b = radius of the top of stratosphere layer 
= 6400 km + 50 km = 6450 km = 6-45 x 10° m 
a = radius of earth = 6400 km = 6-4 x 10® m 
1 6:45x10°x6-4x10° 
= x 
9x10? 6-45x10° -6-4x 10° 
= 0-092 F 
Problem 5.08. A spherical capacitor has an inner 
sphere of radius 12 cm and an outer sphere of radius 13 
cm. The outer sphere is earthed and the inner sphere is 
given a charge of 2-5 uC. The space between the concentric 
spheres is filled with a liquid of dielectric constant 32. (a) 
Determine the capacitance of the capacitor. (b) What is the 
potential of the inner sphere ? (c) Compare the capacitance 
of this capacitor with that of an isolated sphere of radius 


C=47&. 


Here, 


12 cm. (Text Problem) 
Sol. Here, a=12cm=12x 107m 
b=13cm=13x 102m 
q=2-5 pC = 2.5 x 10° C and K = 32 
Kab 
(a) C=47¢€ 
0. bsa 


1 32x 12x 1072 x 13 x 1077 


= _————————————————— 
9x10? 13 x 1072 -12 x 1077 
= 5-547 x 107° F 


(b) 
inner sphere is equal to the potential difference between the 
two spheres of the capacitors. Therefore, 
BS hese sich ys the 
Ge S547 0102 
(c) Radius of sphere, r = 12 cm = 12 x 10-2 m 


= 450-7 V 


1 
Now, Co=4.7€, 1 =— a5. x 12 x 102 
9x10 
= 1-333 x 10° F 
-9 
-547 x1 
Cor s47 x 1G ar 


C’ 1-333 x 10!! 
Type D. On Capacitance of a cylindrical capacitor 


Problem 5.09. A cylindrical capacitor has two co-axial 
cylinders of length 15 cm and radii 1-5 cm and 1-4 cm. The 
outer cylinder is earthed and the inner cylinder is given a 
charge of 3-5 uC. Determine the capacitance of the system 
and the potential of the inner cylinder. Neglect end effects 
(i.e. bending of field lines at the ends). (Text Problem) 

Sol. Here, 1 = 15cm = 15 x 102m 

a=14cm=14x 107 m;b=15cm=1-5 x 107 m; 
q=3-5: pC =3-5x10°.¢C 
2ne,! 


ee 
2-303 log,, | - 

810 @ 
2m x8-854x 107? x15x107 
7 —2 


0 4.4x 107 


Now, Ge 


2-303 log ,, See 


= 1-21 x 10°F 
Since the outer cylinder is earthed, the potential of the 
inner cylinder will be equal to the potential difference 
between them. 
Therefore, potential of inner cylinder, 


—6 
gq 3-5x10 
V=—+= = 2-89 x 104 V 
C 1-21x 107% 
Type E. On Grouping of capacitors 


Problem 5.10. Three capacitors each of capacitance 9 
pF are connected in series as shown in Fig. 5.22. (a) What 
is the total capacitance of the combination ? (b) What is the 
potential difference across each capacitor, if the combi- 
nation is connected to a 120 volt supply ? 

(Text Problem) 
oe Cs Cy 


Lesher 


V=120 V 


Fig. 5.22 
Sol. Here, C, = C, =C, =9 pF = 9x10"? F ; V = 120 volt 


s the outer sphere is earthed, the potential of the © 


on aay Ye ep ate 


pee + a ———— 
G Cy C 2 C3 9x 19712 
C=3x 10-12 F=3 pF 
(b) Let q be charge on each capacitor. Then, sum of tf 
potential differences across the plates of three capacitors 
be equal to 120 V i.e. 
V,+ V2+ V3 = 120 


or te cls me ste ced 120 
a aid 
vce 4. q q 
on ee 4 te a 190 
R107, 11,9.261057 vo. 9.6805 
3 
Ta ee es 
9x10 
or q = 360x 10°17 C 
Therefore, potential difference across a capacitor 
360 x 107? J 
a a =o SSO, ; 
capacitance 9x10 


Alternative method. Since the three capacitors are of th 
same capacitances, 


12 
potential difference across each capacitor = > = 40" 


Problem. 5.11. Three capacitors of capacitances 2 p: 
3 pF and 4 pF are connected in parallel as shown in Fig 5. 
(a) What is the total capacitance of the combination ? ( 
Determine the charge on each capacitor, if the combinatio 


is connected to a 100 V supply. (Text Problen 
cs i 
Fig. 5.23 
Ans. Here, C, =2 pF; C, =3 pF; Cj =4 pF; 
V = 100 volt 


(a) Total capacitance of the parallel combination is give 
by 
C=C, +C,=C,=2+3+4 =9 pF 
(b) Let q,, 42 and q3 be the charges on C,, C, and C 
respectively. In the parallel combination, the potentié 
difference across each capacitor will be equal to the suppl 
voltage i.e. 100 V. 
qy =C, V=2x 10°? x 100=2x 10M C, 
= GV Hs «10-2 x 10043 x10-#oe 
93 =C, V=4x107 x100=4x10"%C 
Problem. 5.12. Three capacitors of capacitances 5, 4 an 
3 HF respectively are connected with the first and secon 
in series and the third in parallel with them. Find th 
capacitance of the combination. (Karnataka, 1983 
Ans. Here, C, = 5 HF; C, = 4 WF ; C3 =3 uF 


C3 


Fig. 5.24 
Let C’ be capacitance of the series combination of C, and 
Then, 
er pe a2 gor C2292 uF 
Gi Cin Cy tS at 20? 400 
The series combination of C, and C, have been put in 
allel with C3. 
If C is the effective capacitance of the arrangement, then 
C=(C'+C, =2:22'+3 = 5-22 uF 
Problem 5.13. The effective capacitances of two 
yacitors are 3 UF and 16 WE when they are connected in 
ies and parallel respectively. Compute the capacitance 
each capacitor. (Karnataka, 1991 S) 
Sol. Let a and C, be capacitances of the two capacitors. 


Here, C,=3 pF; C, =16.uF- ..) 
The effective capacitance in parallel, C,, =C, +C, 
C,+C,=16 (i) 
The effective capacitance in series is given by 
1 1 1 C; Cy 
es or jee Deiat 
Cc Cy Cy Cy + C5 
Ey | =3 or C2 =3 
Cy F Cy j 16 
or C, C, = 48 
Now, (C, —C,)? = (C, + C,)?-4C, C, 
= (16)? — 4 x 48 = 256 - 192 = 64 
or C,-C,=8 ..-(ii) 
Adding the equations (i) and (ii), we have 
(C, +C,) + (C, -C,) = 16 +8 
or C, = 12 pF 


From equation (i), it follows that 
C, = 16-C, = 16-12=4 pF 
Problem 5.14. Find the resultant capacitance of the 
yacitor connected as shown in the Fig. 5.25. 


C= 6 uF (H_P.S.b-C.E. 1997) 
si gam ane 

C= 6 uF 

Fig. 5.25 


Sol. Let C,, be the equivalent capacitance of the 
acitors C, and C, connected in parallel. Then, 

The given network will be equivalent to series 
eement of the capacitors as shown below in Fig. 5.26. 


€ 


C, Co, C, 
Toles RSE Ae aetna eae 
Fig. 5.26 


If C is the equivalent capacitance of the series com- 
ation, then 


weed 
— = —_ + 
Crre; 

or C=4 uF 
Problem 5.15. If C, = 3 pF and C, = 2 pE calculate the 


sien) Tet 
—— + — = — + — + — = 
Copel eh F125 127A 


equivalent capacitance of the network shown in Fig. 5.27 
between points A and B ? 


(C.B.S.E. Sample Q. Paper) 
C, C, 


Fig. 5.27 
Sol. The given network shown in Fig. 5.27 is equivalent 
to the arrangement shown in Fig. 5.28, which is further 
equivalent to arrangement shown in Fig. 5. aah 
C. 


fe dag 
Fy yps 4 Ls 
Fig. 5.28 Fig. 5.29 


Here, C’ is capacitance of the series combination of C,, 
C, and C,. Therefore, 
i 1 1 1 
= + + 
ns Choe 69 aa, 
The arrangement shown 
network drawn in Fig. 5.30. 


ej c” om 
A | | B 
Fig. 5.30 


Here, C”’ is capacitance of the parallel combination of 
C’ and C,. Therefore, 
20 


C”’=C’ $0 =842-— pF 


6 
or ic pF 


eo TET yA 
8 ide ory 6 
in Fig. 5.29 is equivalent to the 


If Coauil is capacitance of the series combination of C,,C”’ 
and C,, then 


61 


TENTS MM 

+ re —+—+—= 

eee ee eal? ONT 

60 

. 75 a 

i Od 

Problem 5.16. Five capacitors of capacitances C, = C; 

=1yF,C, =C, = C, = 2 ywF are connected as shown in Fig. 

5.31. Find the equivalent capacitance of the system between 
points X and Y. 


=1pF 


series. Their 


effective capacitance, 

Co x C3 

Ra ae 

a+ C 3 249 + rae 

The given arrangement of capacitor is equivalent to the 
arrangement as shown in Fig. 5.32. 


; il. i. ib 
al “Wd ea 
x 
C, 


Fig. 5.32 
Now, capacitors C; and C,, are in parallel. Let C)53 be 
their effective capacitance. Then, 
Cy93 = Cy + Cog =14+1=2 uF 
The arrangement of capacitors shown in Fig. 5.32 is now 
equivalent to the arrangement shown in Fig. 5.33. 


5 Ci 23 
Her arr 


Fig. 5.33 
Since the capacitors C53 and C, are in series, their 
equivalent capacitance is given by 
2x2 
C1234 C193 ts Ca ee +2 is ue 
The arrangement of capacitors shown in Fig. 5.33 is 
equivalent to the arrangement shown in Fig. 5.34. 


é Eb ue 
Cs Ci234 
‘ovat [ta 


Fig. 5.34 
Since capacitors C,3 and C; are in parallel, the 
equivalent capacitance between points X and Y is given by 
C=Cj934+ Cg =1+1=2 yF 
Problem 5.17. Find the equivalent capacitance of the 


combination of capacitors between the points A and B as . 


shown in Fig. 5.35. Also calculate the total charge that flows 
in the circuit, when a 100 V battery is connected between 
the points A and B. (C.B.S.E. 2002) 


C,=40uF —- Ca=60uF 
A-— 
C.=10 uF Cg=10uF C4=60 uF 
B 
Fig. 5.35 


Fig. 5. 35. The capacitors G and C, are in tparalle 
effective capacitance, 
Cae = Cy + Co = 10 + 10 = 20 pF 
Also, capacitors C,, C and C, are in series, so that 
effective capacitance is given by 
1 1 1 We RR Ean Dee ie 
= $$ SH Ht Ee 
oo Cp C3 Cy 60 60 60 20 
or = 20 pF 
The given 5 Chagaieht of capacitance is equivalentt 
the ach te as shown in Fig. 5.36. 
| 


—i 


a ‘es ae 
sve B 


Fig. 5.36 
Now, capacitors C;, and C,3, are in parallel. Let C'b 
their effective capacitance. Then, 
C’ = Ce, + Coz, = 20 + 20 = 40 uF ' 
The arrangement of capacitors shown in Fig. 5.36 is not 
equivalent to the arrangement ri a in Fig. 5. Set 
yf C, 7 
fb keredl eens ticcull 
Fig. 5.37 
Since the capacitors C, and C’ are in series, t 
equivalent capacitance of the combination between points. 
and B is given by 


i 


_ GC _ 40x40 = 20 pF 
C;+C 40+40 

Therefore, total charge that flows in the circuit, when 

100 V battery is connected between points A and Bis givenb 
g=CV=20x 10x 100=2x10°C 

Problem 5.18. Find the capacitance of the infinit 

ladder between points X and Y [Fig. 5.38]. 
2uUF 2 uF 2 uF 


Fig. 5.38 
Ans. Let the equivalent capacitance of the entire ladde 
be C. Since the ladder is infinitely long, adding one more si 
of two capacitors (1#F and 2yF) across the points X and Y wi 
not affect the total capacitance i.e. it should still remain equi 
to C. The ladder (whose equivalent capacitance is C) on addin 
such two capacitors will appear as shown in Fig. 5.39. 


2 uF 
ap | 
vile Te 


Fig. 5.39 


pove should again be equal to C i.e. 


cepa or C*-C-2=0 
ab 
C=4yF or -1pF 
Since capacitance can not be negative, the equivalent 
apacitance of the ladder is 4 uF. 


Problem 5.19. Find the effective capacitance between 
he terminals X and Y of the network shown in Fig. 5.40. 


C;=2 WE 


siven that C,=5 yE 
5 =10 WE 


C, = 10 nE C, =4 pF and 


Fig. 5.40 
Sol. The given network is equivalent to the network 
hown in Fig. 5.41. 


We find that fa. 


Therefore, the bridge is balanced and hence when some 
otential difference is applied across terminals X and Y, no 
urrent will flow across the path BD. Thus, the path BD 
ehaves as open path and the given network is equivalent to 
he network as shown in Fig. 5.42. 


B 


D 
Fig. 5.42 
Let C,, and C3, be capacitances of the series combination 
f C;, C, and C3, C, respectively. 


10 “gy tales 10 

Then, aE at eo Gari 
ee cer, ! Sea 1d. 12 he 

lol Mbinotask to 4 

Also, win ade bo ee Cu=5 
SRO TLPNCAD Seon ure aS 


Now, C,, and C3, form a parallel combination. If A, is net 
apacitance of the network, then 


_ 10 4.14 


= 4-67 
Bish eB b8 i 


valent c pacitance of the arrangement shown 


5.20. ctrical technician requires a 
capacitance of 2 uF in a circuit across a potential difference 
of 1 kV. A large number of 1 pF capacitors are available to 
him, each of which can withstand a potential difference of 
not more than 400 V. Suggest a possible arrangement that 
requires a minimum number of capacitors. (Text Problem) 

Sol. Suppose that the technician makes use of N 
capacitors and connects them in m rows, each row having n 
capacitors. Then, N=mn 

Capacitance of each capacitor = 1 yF ; 

required capacitance of the combination, C = 2 pF 

voltage rating of each capacitor = 400 V ; 

required voltage rating of the combination = 10° V 

When capacitors are connected in series, potential 
differences across their plates get added. Therefore, n 
capacitors connected in a row will stand a voltage equal to 
400 x n V. 

Therefore, number of capacitors to be connected in a row 


is given by 
400 n = 103 
5 
or n= ate Jae) or n=3 
400 
(It can not be a fraction*) 
The total capacitance of the capacitors in a row is given by 
dgerd 1 
nota: gol neg or C’=> uF 
rai WIths 3 
The total capacitance of m rows is given by 
Go ox.2 
C=mC’ = = ——_ = 
FOr cpl ee BEES 


Therefore, he should make three rows of such capacitors, 
each row containing six capacitors. 

Problem 5.21. Two capacitors C, and C, are connected 
to a battery of 6 V as shown in Fig. 5.43. Find the charge on 


each capacitor. C,=4 uF Cp=6 uF 


I 
6V 


Fig. 5.43 
Ans. The given arrangement of two capacitors 
connected to a battery is equivalent to the arrangement shown 


in Fig. 5.44 és aoe 


Cz =6 UF 


l 
6V 
Fig. 5.44 
Therefore, charge on capacitor C,, 
q, =C, V=4x6=24 pC 
and charge on capacitor C,, 
gy = Cy V =6 x 6 = 36 UC 


*n cannot be equal to 2. Otherwise, potential difference across a capacitor will be 500 V i.e. more than its voltage rating. 


bl 7 oT pa a 
connected to a batten of 6 V as shown in ie 2 45. Find the 


charges on the three capacitors. 


C= 10 uF 


C3=5 uF 


Fig. 5.45 
Sol. The given arrangement of three capacitors conn- 
ected to a battery is equivalent to the arrangement shown in 


Fig. 5.46. Co= 5 uF 


C= 10 uF 


6V 
Fig. 5.46 
Since capacitors C, and C, are in parallel, their equi-’ 
valent capacitance, 
Ci, =5+5= 10 uF 
The arrangement of capacitors shown in Fig. 5.46 is now 
equivalent to the network shown in Fig. 5.47. 
C, C2 3 


oa 
| 


Fig. 5.47 


As C, and C,, are equal, potential difference across each 
of them will be 


6 
V= 50 3 volt 
Therefore, charge on capacitor C,, 
qy =C, V=10 x 3 = 30 pC 


Also, charge on parallel combination of C, and C;, 
9o3 = Cox V = 10 x 3 = 30 uC 
As C, and C, are equal, the charge q,3 is shared equally 
by the two capacitors. Therefore, 


30 
OP sade eT pas he 


Problem 5.23. A capacitor of 4 uF is connected to 400 
V supply. It is then disconnected and connected to an 
uncharged capacitor of 2 uF. Calculate the common 
potential after the capacitors are connected together. 

(Pre-degree Kerala, 1992) 
Sol. Here, C, = 4 uF=4 x 10°F; V, =400V; 
C,= 2 phi2'* 10-SR 
Therefore, charge on capacitor C,, 
9, 3, V, = 4x 10-6 x 400 = 16 x 103C 
Charge on capacitor C,, qy = 0 
When C, (after being charged) is connected to C,, the 


and C, are 


capacitance of the combination, then 
Ge C+ Cy 24x 10-5 42x 106 - 610 
Total charge on combination, * 

9 = 4 + Jy = 1-6x 10° + 0 = 1-6 x 10°C) 
If V is common potential, then 
q _1-6x10~ | 
———— = 266-67 V of 


Comps xoky af 
Problem 5.24. Four capacitors C,, C,, C, and C, ar 
connected to a battery of 12 V as shown in Fig. 5.48. Fi 
the potential difference between points A and B. 


Cy=8uF Cy=4uF 


AE 4 


"% 


1 
- 
q 


j 


Cy =3uF ® C,=6 uF 


| mee 
vf 
Fig. 5.48 : 
‘Sol. Here, C, = 8 uF ;C, =4 uF ;C, =3 uF and C, = 6 6 HE 
Let V, and Vx be potentials of points A and : 
respectively. 

Then, potential difference across C; = 12—V, q 
potential difference across C,=V, -0= Vy, 
potential difference across C; = 12—Vz, é 

and potential difference acorss C, = Vz -0 = Vp 
Since revatgt: C, and C, are connected in scr 


Tee 


or Va= a Vv 

Also, as capaho C3 and C, are in series, a 
93 = 44 

te. C3(12-Vp)=CyVp or 3(112-Vp)=6V_R 

or VR=4V 


: 
Therefore, potential difference between points A and B, 


Type F. On Energy stored in a 


Problem 5.25. ihe plates of a parallel plate capacitor 
have an area of 90 cm? each and are separated by 2-5 mm. 
The capacitor is charged by connecting it to a 400 volt 
supply. How much electrostatic energy is stored by the 
capacitor ? (Text Problem) 

Sol. Here, A = 90 cm? = 90 x 10 m? 

d=2:5mm = 2.5 x 103m; V= 400 volt 


e A 4 —12 4 } 
Now, cx ‘0 _ 8-854x 10 at oe : 
d 2-5x 107 . 
= 3-187 x 10-1 F 
1 1 
Now, aie CVv2= ee x 3-187 x 107! x (400) 
= 2-55 x 10 J 


‘Problem 5.26. Fig. 5.49 gives a circuit for a camera 
flash. A 2000 pF capacitor is charged by a 1-5 V cell. When 
a flash is required, the energy stored in the capacitor is 
made to discharge (actuated by an electronic trigger) 
through the discharge tube in 0-1 millisecond giving a 
powerful flash. Calculate the energy stored in the capacitor 
and the power of the flash. (E5.ClE. 1997) 


S\ ELECTRONIC 
TRIGGER 


DISCHARGE 
TUBE 


Fig. 5.49 
ol. Here, V = 1-5 volt ; C = 2000 pF = 2000 x 10° F 
herefore, energy stored in the capacitor, 


1 
U=—cCv2 
p 


1 
aa 2000 x 10-° x (1-5)? 


=2-25x 10> J 
he time in which the capacitor discharges in order to 
ce the flash, 
t= 0-1 millisecond = 0-1 x 10° =10+s 
2-25x 10° 
lence, power of the flash, P = “ = nice =22:5W 
1 


G. On Loss of energy on sharing charges 


roblem 5.27. A 4 yF capacitor is charged by a 200 V 
y. It is then disconnected from the supply and is 
cted to another uncharged 2 ywF capacitor. How much 
static energy of the first capacitor is lost in the form 
t and electromagnetic radiation ? (Text Problem) 
ol. Here,C, =4 uF =4x 10°F ;V,=200V 

nergy stored in the capacitor, 


1 1 
Uj=50 WP =5%4% 10-6 x (200)2 


=8x107J 

Jhen this charged capacitor is connected to another 
rged capacitor C, (= 2 pF), they will share charges, till 
tential differences across their plates become equal. 
otal charge on the two capacitors, 

q=C,V,+GV,=4~x 10 x 200+ 0=8x 104C 
»tal capacitance of the two capacitors, 

C=C, +C,=4 uF +2 uF =6 uF =6%x 10°F 
herefore, common potential of the two capacitors, 


q 8x10 400 


Tin b6q0 HF H103 
nergy stored in the combination, 


2, 
U,=5¢cV? =5 «6x10 (3) = 5-33 x 10-2 J 
herefore, energy lost by capacitor C, (in the form of heat 

ectromagnetic radiation), 
U,-U, =8x 10-2 -5-33 x 10-7 = 2.67 x 10-7 J 
1. On Effect of dielectric 


roblem 5.28. A parallel plate capacitor having plate 
ition of 3 mm possesses a capacitance of 17-7 pE The 
tor is connected to a 100 V supply. Explain what would 
n, if a3 mm thick mica sheet of dielectric constant 6 
inserted between the plates (a) while the voltage 
y remains connected, (b) after the supply was 
nected. (Text Problem) 


Sol. Here, dielectric constant of mica sheet, K = 6; 
capacitance of the capacitor, C = 17-7 pF 
(a) When the voltage supply remains connected. The 
capacitance of the capacitor will become K times. 
Therefore, C’ = K C = 6 x 17-7 = 106-2 pF 
The potential difference across the two plates of the 
capacitor will remain equal to supply voltage i.e. 100 V. 
The charge on capacitor, 
f= CoV = 106-2 a0.--.x 100 
= 1-06 x 10°C 
(b) After the voltage supply is disconnected. As 
calculated above, the capacitance of the capacitor, 
C’ = 106-2 pF 
The potential difference will decrease on introducing 
mica sheet by a factor K, so that 


100 
V'= spl 16-67 V 


The charge on the capacitor, 
gq’ =C'V’ = 106-2 x 10-!2 x 16-67 = 1-77 x 10-9 C 

Problem 5.29. A parallel plate capacitor is to be 
designed with a voltage rating 1 kV, using a material of 
dielectric constant 3 and dielectric strength of about 107 
V mr! (Dielectric strength is the maximum electric field, a 
material can tolerate without breakdown i.e. without 
starting to conduct electricity through partial ionization). For 
safety, we should like the field never to exceed say 10% of 
the dielectric strength. What minimum area of the plate is 
required to have a capacitance of 50 pF ? 

(PS oC E L995) 

Sol. Here, K = 3 ; €, = 8-854 x 10°17 C2 N-} m%, 

dielectric strength = 10” Vm“! ; C = 50 pF = 50 x 10°17 F 

Since electric field should not exceed 10% of the dielectric 
strength, we have 

7 
poe XD, 
100 
Voltage rating = 1 kV = 10° V 
; q = C x voltage rating = 50 x 10-!7 x 103 


zat OQ lees 
KA 
Now, c= =" or A ea 
Vv 
or q=e KA(1)=e) KAE 


Therefore, required area of the plates of the capacitor, 
cath 50 x 107 


Eo KE 8-854x 10 '* x3x 10° 
= 18-8 x 104 m? = 18-8 cm? 

Type |. On Van de Graaff generator 

Problem 5.30. In:a Van de Graaff type generator, a 
spherical metal shell is to be a 15 x 10° V electrode. The 
dielectric strength of the gas surrounding the electrode is 
5 x 107 Vm. What is the minimum radius of the spherical 
shell required ? (Text Problem) 

Sol. The electric field and potential due to a charged shell 
of radius r are given by 


wot ik (the oc, 
WHE = ‘i Xt) 
oe tcp i) 
4N& Fr 


Problem 5.31. A plane capacitor is placed in a glass 
vessel and connected to a storage battery of e.m.f. 12 
V as shown in Fig. 5.50. The area of the capacitor plates is 
100 cm? and the distance between the plates is 1 mm. The 
switch S is closed. Determine the magnitude of the charge 
on the plate of the capacitor in the following cases : 


Fig. 5.50 

(a) Switch S is opened and then the vessel is filled to 
the top with an oil of permittivity 2-2. 

(b) The vessel is first filled with oil and then switch S 
is opened. 

Also indicate as to how the intensity of electric field 
will change in the capacitor in these two cases, when the 
oil is poured in. 

Sol. Here, A = 100 cm? = 100 x 10 = 10-7 m?; K = 2:2; 

d =1mm=10°m;eme. of battery, E=12V 

Now, capacitance of the capacitor, 
€, A 8-854x10 7 x10? 

d 10° 

Therefore, charge on capacitor, 

q=CH=8-654x%.10 xe 12> 1-06 10-7 C 

(a) When the switch is opened (battery disconnected) 
and the vessel is filled with oil, the charge on the plate of the 
capacitor will not change i.e. will remain 1-06 x 107 ff 

The capacitance of the capacitor will become K (= 2-2) 
times i.e. K C. 

It will result in the decrease of potential difference 
between the plates by a factor K. As a result, the intensity of 
electric field will also decrease by a factor K (= 2-2). 

(b) When the oil is poured in the vessel with the switch 
closed (battery remains connected), the capacitance of the 
capacitor becomes K (= 2:2) times i.e. K C and the potential 
difference remains equal to e.m.f. of the battery i.e. E (= 12 V). 
Therefore, charge on the capacitor, 

gq’ =C'’ E=(KC) E=2-2 x 8-854 x 10°! x 12 
= 2:34 x 10-9 C 

Since the potential difference between the plates remains 
unchanged, the intensity of electric field will also remain 
unchanged. 

Problem 5.32. You are given three capacitors each of 
DB capacitance 9 nF. In how many ways can they be 
combined ? What will be the effective capacitance in eacit 
case ? (Karnataka, 1988 S) 


= 8-854x10°UF 


Ge 


Sol. Let the capacitance of each of the three capacitor 
C. Then, C = 9 pF § 

The three capacitors of equal capacitances cal 
connected between two points A and B in the four ways 
shown in Fig. 5.51: ‘ 

Arrangement in Fig. 5.51 (a): All the three capacitors 
connected in parallel. Therefore, effective capacitance, 

C,=C+C+C=3C=3x9=27yF 


A Cc 5 


Fig. 5.51 (a) Fig.5.51(b) 
Cc 4 
A C iki ei iG 
5 Lieven oh lsuahond 
Cc 
Fig. 5.51 (c) Fig. 5.51)... 


Arrangement in Fig. 5.51 (b) : Aseries combination of 
capacitors have been put in parallel with the third capac 
If C’ is capacitance of the two capacitors in series, then 
: Episer inhi yi or C= payee’. 5h 
sata = iS cd sat © ge teeta es 7 

Therefore, effective capacitance of the combinati 
given by 


C,=C’'+C=454+9=13-5 uF 
Arrangement in Fig. 5.51 (c) : A parallel combinatio 
two capacitors has been put in series with the third capac 
If C’’ is capacitance of the two capacitors in parallel, the 
C=C + C= 99 ="18 WF ; 
Therefore, effective capacitance of the an 
given by 
1 a Sih dig tel tee or C, = 6 xi | 
Ge Ge CUB eK TS » 
Arrangement in Fig. 5.51 (d) : All the three capacitors 
in series. The effective capacitance is given by 
eh. wit + cl, a8 ue = 3 or C 1S Po 
Circ, aCe State AS 0B 
Problem 5.33. There are infinite number of capaci 
each of capacitance 1 vE. They are connected in re 
such that number of capacitors in the first row, second 
third row, fourth row, ..... are respectively 1, 2,4, 8...... 
rows of these capacitors are then connected between po 
X and Y [Fig. 5.52]. Determine the equivalent feracttagy 
the network between points X and Y. 


1 uF 


1uF 1 uF 1uF 


1 uF 


Fig. 5.52 
Sol. Let C,,C,, C3, Cy ..... be capacitances of the capacitors 
tained in first row, second row, third row, fourth row, ..... 
dectively. Since the rows of capacitances are connected in 
allel between points X and Y, the equivalent capacitance 
he network, 


GHC, + Corl, + G7™..0. (1) 
He asl | 
Now, C, = 1 uF; C, =——- == uF ; 
OE gta eli sah Rig 
1 LV Deel eT 1 
—=—+-+-+4+-=4 or C3 =— 
Galil) aot? 1 anne 
1 
Similarly, C, Pe Be, 
Substituting for C,, C5, C3, Cy, ....in equation (i), we get 
Cate tee nee 
2 8 


It is a geometric progression, whose first term a = 1 and 
amon ratio r =1/2. 

The sum of infinite terms of a geometric progression is 
en by 


:. C= 


Problem 5.34. Obtain the equivalent capacitance of 

the following network shown in Fig. 5.53. Given that 

= C, = 100 pF and C, = C, = 200 pF For a 300 V supply, 
ermine the charge and voltage across each capacitor. 

C, . (Text Problem) 


Fig. 5.53 

Sol. The given network can be redrawn as shown in Fig. 
4. 

Here, C, = C4 = 100 pF ; C, = C3 = 200 pF 

Let C,, be the capacitance of the series combination of 
and C3. Then, 


1 1 1 1 1 1 


—— = F- — = YH = 
Coq Cy (Ca. 200" B00. 100 


Fig. 5.54 
Let C’ be the capacitance of the parallel combination of 
C, and C,,. Then, 
C’=C, +. Co, = 100+ 100'= 200 pF 
Let C be the capacitance of the series combination of C, 
and C’. Then, 
1 1 1 1 it 3 
aa Se eS SS SS 
Ce, .C* Ter 2200-82200 
or C= > pF = 66-67 pF 
Let q, be charge on the capacitor C,. As C’ is in series 
with C,, charge on C’ will also be equal to q,. 


PD. across C, = 5 = va fre Vv 
4 x 
44 44 


and P.D. across C’= ~—= peat aL V 
Ce 200 x 10 
Now, P.D. across C, + P.D. across C’ = 300 V 
q4 44 00 


i =3 
100x107!2. 200 x 107!2 


344 
—————— = 300 
me 200 x 107!2 
ay) 
x 9, = 300% 200x107 = 5 108 
-8 
.. P.D. across Cy, V. ees BGS aay = 200 V 


“MEST 10010” 
As C, and C,, are connected in parallel, potential 
difference across either of them is same. 
V, = PD. across C, — P.D. across C5, 
= 300 — 200 = 100 V 
Now, Wise C1 Vv, = 100x 10-4 « 100 = 10 8C 
As C, and C, have equal capacitances, 


100 
V,= V3 Spon Me 


andl 97 = 4; = 90% 200 * 10-4108 C 
Alternative method. Applying the principle of conser- 
vation of charge to the conductors meeting at point B, we have 
94+ 92-44 =9 seid) 
Also, applying the principle of conservation of charge 
to the conductors joining the negative plate of C, and the 
positive plate of C,, we have 
42+ 93=0 
or 93 = 9 .. (iD) 
The potential difference across the terminals A and B is 
same across the paths XABC,CY or XABC,C,CY and is equal 
to 300 V. 


Along path XABC,CY: 


4, Dt 300 Vor —1 ee — I = 300 
Cy 100x10-* 100x107 
or 94+ 91 =3x108C ...dii) 
Along path XABC,C,CY : 

44 iF Az aes = 300 V 

CG, Go es 

44 42 43 
or + ~ = 300 
100x107! 200x107! =. 200 x 107!” 

or 2 44+ qo +943 =6x 10% ...(iv) 


From equations (ii) and (iv), we have 
2 44+ 4x +47 =6 x 10;° 
or Go.+/qy=8 x 10 ...(0) 
Subtracting equation (i) from (iii), we have 
9a t 41-41 + 92-44) =3 x 10° 
or Dard ao ke (vi) 
Adding equations (v) and (vi), we have 
9 + 44+ 244 -—Gy =3x 1038 £35q10— 
or 34q4=6x 10;8 
or a= 2% 10 
Substituting for q,4 in equation (iii), we have 
§4=3% 10° = 4,=3 X10 F-22010 9C 
Substituting for q, and q, in equation (7), we have 
9p = 94-4p =2 x 108-108 =108C 
From equation (ii), 43 = 4) = 10°C 


-8 
Now, V; =f) 2 09 y, 
C, 100x107 
-8 
92 10 
Co. 200% 10". 
-8 
V3 = 43° = ay a = 50 V 
C3 200x10 
-8 
G4 2x 10 
and ate 900 V 
"Cx 10010722 


If C is equivalent capacitance of the network, then C is 
equal to charge on the either terminal divided by the potential 
difference between the terminals. Hence, 


+ 
Catt GridkeG<2ks 3 
V V 
2x10 
Gene tke = Se ncaG 2 eco 
300 3 3 


Note. Students are advised to solve this numerical by 
both the methods so as to acquaint themselves with some new 
principles in electrostatics. It will help them to solve those 
problems, which otherwise cannot be solved by conventional 
methods. 

Problem 5.35. Find the effective capacitance between 

points X and Y of the network of capacitors shown in 
Fig. 5.55. Given that C,=1yE C,=2yE C,=2yE C,= 1 
uF and C, = 1 pF If a potential difference of 10° V is applied 
across X and Y, then calculate (a) charges on various 
capacitors, (b) voltages across the various capacitors and (c) 
the equivalent capacitance of the network. 


Fig. 5.55 
Sol. Let 41, 4, 93, 44 and q; be charges on the capacitor 


ep Cy C,, C, and C; respectively, when a potential differen 
of 10° V is applied across X and Y. Fig. 5.56 shows th 
distribution of charges on the various capacitors. , 


Fig. 5.56 
(a) Applying law of conservation of charges for tk 
conductors meeting at points B and D, we have 
TH+ 92 +45 =0 
— 93+ 94-45 =9 | 
Now, the potential difference across the terminals X an 
Y is the same across paths XABCY, XADCY, XABDCY ané 
XADBCY. “F 


Across path XABCY: 
fess eye uy toe 10° 
2 2 10 2x10 
or 24, +4, =2 
Across path XADCY : 
ici il Seer 93 94 6 
ee 10 ON ee ted 
sh Pe 4 Webern Gil 
or 93+ 2q,=2 
Across path XABDCY : 
Gy See Bae oa 4 6 
Jy 29. 5 S47 108 or — 4 + 4 + HS = 10 
Co Coa Wee 105": HOS | 
or 1+ 44+ 95=1 
Across path XADBCY : 
AS + | Sete 32" 240° V 
Cy C5 JuCo 
93 95 92 6 
Ori ndishe ete) 
2 10's OP 5-2 HO 
or 92+ 93-245 =2 
From equation (iii), we have _ 
9a =2-24, 


From equation (i), we have 
Cr lad: Flag ah eho pu SoC es 


qz= 2-29 
From equations (ii) and (ix), we have 
~2 (2-244) + 44~95=0 
or 3 44 =45+2 
From equation (viii), substituting the value of q,, we have 
3q4=3q,-2+2=3q, 


wan 44-4 
Therefore, from equation (ix), we have 
9,=2-249, est) 
Substituting for q, and A in equation (v), we have 
mathtod sonor ity 2) = as 54, =3 
q, = 0- 6 C 


ria equation (vii), we have 
qo = 2-29, =2-2x06=0-8C 
From equation (x), we have 
93=2-29,=2-2x06=0-8C 
Further, 94 = 4, =0-6C 
From equation (viii), we have 
9g =3 x 0-6-2=-0-2C 


(b) Now, V; = Fee alice es fia ACN 
C4 a0 
yg et a8 oo ga 208, 
Co!) (2x10 
v, = 43-93 _ 94x 10° V, 
C352 10 
Vy = 4228 -06x106V 
C, 10 
0-2 
and = == =~ 0.2 x 10°V 
Cs 10 


(c) If C is equivalent capacitance of the given network, 
en C is equal to charge on the either terminal divided by 
e potential difference between the terminals. Hence, 


ed Mats: [or take c= 24 is) 
V V 
ell allt =14x 10°F =1-4 pF 
10° 


Problem 5.36. The capacitance of a parallel plate 
7 capacitor with plate area A and separation d is C. The 
ce between the plates is filled with two wedges of 
electric constants K, and K, respectively [Fig. 5.57]. Find 
e capacitance of the resulting capacitor. 


Fig. 5.57 


Sol. Let each plate of the capacitor be of length |, 
eadth b and area A (=! x b). Fig. 5.58 shows the elementary 


portion of the capacitor between two vertical planes at 
distances x and d + dx from the left end of the plates. This 
elementary portion forms a series combination of two 
elementary capacitors of capacitances, say dC, and dC, : 
(i) The two plates of the capacitor dC, are of area b dx 
and filled with a dielectric medium of dielectric constant K, 
and thickness y. Therefore, 
€, K, (b dx) 
: y 
(ii) The two plates of the capacitor dC, are of area b dx 
and filled with a dielectric medium of dielectric constant K, 
and thickness (d — y). Therefore, 
€, K, (b dx) 
2 (d-y) 
Since the two elementary capacitors are in series, their 
resultant capacitance is given by 
howt\ 2 i Le. y 
dC dC; dCy €&,K, (bdx) 


fy “Vid Vagite 
€,(bdx) |Ky Ky 


bs te K, y+K, d-y) 
Ries (b dx) K, kK, 


2 K, d+(K, -K,)y 
€, K, K, bdx 
K, K,b 
or fp i dx 
K, 4+(K,-K))y 
Therefore, ae of the whole capacitor is given by 
e7 KK) Kod 
c= fac: a 
74 d+ ik, -K)y 


Now, y is fil ask ek x and is related to x as below : 


(d—y) 
Ey K, (b dx) 


(0) 


d 
tang=4=" or Yiny 
x 
Substituting for y in eiaae (i), we have 
C=e,K,K 2 : ght 
K, 4+(K, -K,)4 
ee KK Ixb | 
i abe Millie CAEL ORAL ae pis )x 
_€&,K, " dx 
d 5 Ky P+ (Ky = Ky) x 
I 
885 By K, A| log, [K, 1+ (K, —K,)x 
d K, +K, _ 
€ K, K, 
= SoA ®* bog, [K, Te(R, —K AEA 
(K, K,)d 
Ey K, K, 
~ 0.1 _2_- IIo [K, 1+(K, -K)4 
{K, etl Be 


—log, [K, 1+(K, -K,) 0] 


Q. 5.01. Is there any electric field inside a charged 
conductor ? 

Ans. Inside a charged conductor, electric field is always 
Zero. 

Q. 5.02. What is meant by capacitance ? Give its SI unit. 

(I.S.C.E. 1998) 
Or 

Define capacitance. Give its SI unit. 

(C.BIS.E. 1999! FPS. beeen, 6 0-9,C.E. 1993) 

Ans. The capacitance of a conductor may be defined as the 
ratio of the electric charge on it to its electric potential due to the 
charge. 

SI unit of capacitance is farad. 

Q. 5.03. What is one picofarad ? 

Ans. 1 picofarad (pF) = 107!? F 

Q. 5.04. Name the physical quantity, whose SI unit is 
coulomb volt. (C.B.S.E. 1998) 

Ans. It is electrical capacitance. 

Q. 5.05. What is a capacitor ? (25.5.0. E1996 S) 

Ans. It is an arrangement of increasing the capacity of 
a conductor so as to store a large quantity of charge. 

Q. 5.06. What meaning would you eee to the 
capacitance of a single conductor ? 

Ans. A single conductor also possesses ring Sul It 
is a capacitor, whose one plate is at infinity. 

Q. 5.07. Can we give any desired amount of charge to 
a capacitor ? 

Ans. No, the maximum charge that can be given toa 
capacitor is limited by the dielectric strength of the medium 
between the two plates of the capacitor. 

Q. 5.08. On what factors does the capacity of a parallel 
plate capacitor with dielectric depend? (P.S.S.C.E. 1993) 

Ans. The capacitance of a parallel plate capacitor 
depends upon the area of its plates, separation between the 
plates and the dielectric constant of the dielectric between the 
plates. 

Q. 5.09. Why is a parallel plate capacitor named so ? 

(H-'S.5.C.E. 1998) 

Ans. The plates of a parallel plate capacitor are plane and 
are placed parallel to each other. For this reason, it is called 
a parallel plate capacitor. 


Q. 5.10. Three capacitors each of capacitance 2 uF are 
connected in series. Find the resultant capacitance in farad. 


(H.S-S.C.E. 1996) 
Ans. Here, Cc, = C, 2 C, =2 pF 
If C is capacitance, when the three capacitors are 
connected in series, then 
1) 1 te a a 
Ce Ce Cor eg a a, Mac 


2 
or oa LIF = 0-067 x 10° F 


Q.5.11. A capacitor of capacitance 20 uF is charged to 
a potential of 300 V. Calculate the energy stored in the 
capacitor. (C.B.S.E. 1995) 


 cimmamasraiemasy | Skew. 
(K,-K,)d "¢ K, 


SWER QUESTIONS = = 
With Answers/Hints 


Ans. Here, C = 20 pF = 20 x 10° F; V = 300 volt 
Energy atte 

ie - cvs 

Q. 5.12. How much work must be done to charge a! 

HF capacitor, when the potential difference between tl 


plate is 500 V ? (H.S.S.C.E. 200 
Ans. Here, C = 24 pF = 24 x 10-°F and V = 500 V 


1 
Therefore, work done = 2 Cv? 


; 1 20 x10 x (300)? = 0-9] 


1 
on x 24 x 10 x (500)? = 3J 


Q. 5.13. A capacitor is charged through a potenti 
difference of 200 V, when 0-1 C charge is stored in it. Ho 
much energy will it release, when it is discharged ? 

(LS.C.E:-19% 

Ans. Here, V = 200 volt ;q =0:1C 


1 1 
The energy stored, U= a4 Vx ly 0-1 x 200 = 10) 


On being discharged, the capacitor will release the san 
amount of energy i.e. 10 J. 

Q. 5.14. What should be the capacitance of a capacit 
capable of storing one joule of energy, when used with 
100 V d.c. supply ? (.S.GE4198 

Ans. Here, U = 1 joule ; V = 100 volt 

If C is capacitance of the capacitor, then 


1 
U=5CVv* 
3u- 2x1 
or — = . ae = 2X x 104 F 
ae, (100) 


Q. 5.15. In what form is the energy stored in a charg 
capacitor ? (PS.5.C.b. 19am 

Ans. In a charged capacitor energy is stored in the for 
of electric field between the two plates i.e. in the form 
electric energy. 

Q. 5.16. Distinguish between polar and non-pol 
dielectrics. (FL.5.5.C.E, 198 

Ans. A dielectric, the molecules of which possess elect 
dipole moment even when electric field is not applied is call 
polar dielectric. 

On the other hand, a dielectric, whose molecules do n 
possess permanent dipole moment is called non-polar. 

Q. 5.17. What is a dielectric ? (PS,S.C.E 200 

Ans. A material that does not conduct electricity but « 
applying electric field, induced charges are produced on. 
faces. 

Q. 5.18. Guess a possible reason, why water has a mu: 
greater dielectric constant (= 80) than say mica (= 6). 

Ans. It is because, water molecules have permane 
dipole moment, while the molecules of mica do not have 

Q. 5.19. The dielectric constant of a conductor can | 
taken to be infinitely large, infinitely small or optimu 
Which of the three alternatives is correct ? 


eld inside the conductor becomes zero. The dielectric 
ant, which is ratio of the strength of applied electric field 
2 reduced value of electric field will be infinite for the 
uctor. 
Q. 5.20. Write down the relation between dielectric 
tant and electric susceptibility. 
Ans. The dielectric constant (K) and susceptibility ofa 
ctric are related to each other by the relation 

K=1+y7 
Q. 5.21. Define dielectric strength of the medium ? 

(iio.oA.P, 200de Tit9,5.ChE.. 1999 S) 
Ans. The maximum value of electric field that a 
ctric can withstand, without the break down of the 
ctric, gives the measure of the dielectric strength. 
Q. 5.22. Define dielectric constant in terms of the 
citance of a capacitor. (CBSE, 1995) 
Ans. The dielectric constant of a dielectric medium is defined 
ratio of the capacitance of the capacitor, when the dielectric 
he space between the plates to the capacitance, when there is 
4m between the two plates of the capacitor. 
Q. 5.23. On inserting a dielectric between the plates of 
acitor, its capacitance is found to increase 5 times. What 
2 relative permittivity of the dielectric ?(/.S.C.E. 1995) 
Ans. When dielectric of relative permittivity ¢€, is 
ted, the capacitance of the capacitor increases €, times. 


Q. 5.01. A metal of radius of 1 cm can not hold a charge 
solumb. Why ? OP Oe, Lodo) 
Ans. Refer to solved problem 5.02. 
Q. 5.02. Two metallic spheres of same radii, one solid 
the other hollow are charged to the same potential. 
th of the two will hold more charge ? Give reasons. 
ESSE STIO? So T1.T21974) 
Ans. Both the spheres will hold the same amount of 
ge. It is because, the two spheres possess equal 
citance. The capacitance of a sphere depends only on its 
is. It does not matter, whether a sphere is hollow or solid. 
Q. 5.03. Why is not possible to make a spherical con- 
or of capacity one farad ? Explain. (PS.S.C.E. 2002) 
Ans. The capacitance of a spherical conductor of radius 
iven by 
C=47&r 
The radius of spherical conductor having capacitance 
given by 


=1x9x109=9x10?m=9x 10°km 


" 47 E, 
Since one cannot have a spherical conductor of such a 
idius, it is not possible to make a spherical conductor of 
citance 1 F. 
Q. 5.04. 1 small drops of same size are charged to V volt 
. They coalsece to form a bigger drop. Calculate the 
ntial of the bigger drop. (PS C.b. 2001) 
Ans. Let r be the radius of each small drop. Then, 
capacitance of each small drop, C = 4 7€) r 
charge on each small drop, g=C V=47€)rx V 
Total charge on small drops, Q=nq=nx 4me)r x V 


olnce on inserting a =CUTIC, | ap : 
relative permittivity of dielectric is 5. 


EQUENTLY: ASKED SHORT ANSWER QUESTIONS | 


Q. 5.24. In a parallel plate capacitor, the capacitance 
increases from 4 uF to 80 uF on introducing a dielectric 
medium between the plates. What is the dielectric constant 
of the medium ? (C.B.S.E. 1996) 

Ans. Here, capacitance without dielectric, C = 4 uF 

and capacitance with dielectric, C’ = 80 wF 

If K is dielectric constant of the dielectric medium, then 

Se AUB 
ake 

Q. 5.25. An air capacitor is given a charge of 2 uC 
raising its potential to 200 V. If on inserting a dielectric 
medium, its potential falls to 50 V, what is the dielectric 
constant of the medium ? 

Ans. When dielectric is introduced, the potential 
between the plates of the capacitor decreases by a factor equal 
to dielectric constant. Therefore, 

Ve HzO 
YS Bea 

Q. 5.26. Why the Van de Graaff generator is enclosed 
inside an earth connected steel tank filled with air under 
pressure ? 

Ans. It prevents the leakage of charge due to ionisation. 
The reason is that in air under pressure, as soon as free ions 
are produced, they recombine to form neutral air molecules. 


With Answers/Hints 


When n small drops coalesce, let R be the radius of the 
bigger drop formed. Since the volume of the bigger drop must 
be equal to that of 1 small drops, 


4 


4 : 
—n7R°=nx — cP or Ren!/3r 
3 3 


Therefore, capacitance of the bigger drop 
=4me,R=47e,xn'/3r 
Since the bigger drop will possess the same charge as that 
on 1 small drops, potential of bigger drop 
nx4nme,rxV 


ANE, ni/3 if 


Q. 5.05. An uncharged insulated conductor A is 
brought near a charged insulated conductor B. What 
happens to charge and potential of B?. (C.B.S.E. 2001 S) 

Ans. The charge on conductor B remains the same, but 
its potential gets lowered. 

For details, refer to section 5.05—Principle of a capacitor. 

Q. 5.06. In a parallel plate capacitor, how is the capacity 
affected, when without changing the charge : 

(i) the distance between the plates is doubled ; 

(ii) area of the plate is halved. 

(Pre-degree Kerala, 1992) 

Ans. (i) When the distance between the plates is doubled, 
the capacitance of the capacitor becomes half. It is because, 


1 
(& ae 
i 


=n2/3V 


(ii) When the area of the plates is halved, the capacitance 
of the capacitor becomes half. It is because, 
CaA 


416-129-B 


palit P Pp ‘twe 

plates has a capacitance of 8 pF (1 pF = 107 F). What will 
be the capacitance, if the distance between the plates is 
reduced by half and the space between them is filled with 
a substance of dielectric constant 6 ? (Text Question) 

Ans. LetA be the area of each plate and d be the distance 
between the two plates of the parallel plate capacitor. When 
air is between the two plates of the capacitor, then 


rap Ey A 
Here, C=8 pF=8 x 10-12 F 
eA 
=8~x 10-2 ...(i) 


Suppose that the capacitance of the capacitor becomes 
C’, when distance between the plates is reduced to half 


i.e. d’ -< and the space between them is filled with a 


substance of dielectric constant K = 6. Then, 
oy tee €, A 
d’ d/2 d 
From the equations (7) and (i), we have 
C’=12x 8 x 10-2 = 96 x 10-7 F = 96 pF 
Q. 5.08. Two identical metal plates are given charges 
q, and q, < q,) respectively. If they are now brought close 
together to form a parallel plate capacitor with capaci- 
tance C, what will be the potential difference between 
the plates ? (L.LF1999) 
Ans. Let each of the two plates be of area A. When they 
are placed at a distanced, the capacitance of the parallel plate 
capacitor formed, 
ei eo 
If E, and E, are electric fields due to the two plates, then 
net electric field between the two plates of the capacitor, 
q,/A 4% LAF 
2€, 2€, 2&,A 
Potential difference between the two plates of the 
capacitor, 


..-(1i) 


E=E,—E,= (91 - 92) 


1 34,) ms 


1 
Vi dp Zs 
2e, (q (4, - 95) 


ehhh oy 
2€,A 


Q. 5.09. Five identical capacitors, each of capacitance 
C, are connected between points X and Y as shown in Fig. 
5.59. If the equivalent capacitance of the combination 
between points X and Y is 5 wE. calculate the capacitance of 
each capacitor. 


Fig. 5.59 
Ans. It follows that the given arrangement of the five 
capacitors is simply their series arrangement. 


Poostey Pup hTOs s 
=—+ ae 
Cr Gl Gaia CT ATE 
Cc 

or Cr 
5 


Q. 5.10. What is the effective capacitance of two 
ductors of capacitance 3 wF and 4 wE, when connected 
series ; (i) in parallel ? (Pre-degree Kerala, 


Ans. Here, C,=3uF;C,=4 uF 
, i gy bed, 12 9 
(i) In series, C3'4 or C= SHE 


(ii) In parallel, C, =3+4=7ynF 
Q. 5.11. Three capacitors of equal capacitance, v 
connected in series, have a net capacitance of Candy 
connected in parallel, have a capacitance of C,. What 
be the value of C,/C, ? 
(ES.5.C.E. 2002, 1998 ; C.B.S.E. 1995 ; P.S.S.C.E. % 
Ans. Let C be the capacitance of each of the 1 
capacitors and C, and C, be the capacitances of their s 
and parallel combinations respectively. 


bee te aed’ “ab legs intl s 
Then, somimine + sna or 


C= 
Ce re he ; 


Also, C,=C+C+C=3C 
Cy O/B 4 
Ce48-Gah 9 


Q. 5.12. Two capacitors of capacitances C, and C 
joined in series and this combination is joined in pai 
with a capacitor of capacitance C,. Find the resu 
capacitance. 

Ans. The three capacitors of capacitances C,, C, ar 
are joined as shown in Fig. 5.60. 


Cs 
Fig. 5.60 
The capacitance of series combination of C, and ¢ 
Beet) ~ nicl § beupiae Babes 
Currin res. Cy +Co 
Therefore, resultant capacitance, 
C,C 
C=C’ +C,=—*+ - +G, 
C,+C, 


Q. 5.13. Two capacitors of capacitances 3 wF and 
respectively are joined in parallel and the combinati 
connected in series with a third capacitor of capacit 
2 pE. Find the resultant capacitance. (75 &:S:C. Ee 

Ans. The three capacitors of capacitances 3 YF, 5 pl] 
2 uF are joined as shown in Fig. 5.61. 


3 uF 


ination of 3 uF and 5 
S35 = 6 NE 
8x2 
Therefore, resultant capacitance, C = itt: = 1-6 pF 
+ 


Q. 5.14. Three capacitors C,, C, and C, are connected 
as shown in Fig. 5.62. Find the equivalent capacitance of the 
combination between points X and Y. 


pecans way | 
Fig. 5.62 


Ans. The given arrangement of three capacitors is 
equivalent to their parallel combination as shown in Fig. 5.63. 


C; 
Cy 

X if 
Cy 


Fig. 5.63 
Therefore, equivalent capacitance, 
C=C,+C,+C, 
Q. 5.15. Find the equivalent capacitance of the arrange- 


ment of three capacitors shown in Fig. 5.64 between points 
X and Y. 


Fig. 5.64 
Ans. The given arrangement of the three capacitors is 
equivalent to their parallel combination as shown in Fig. 5.65. 


Therefore, equivalent capacitance, 
C=C,+C,+C, 
Q. 5.16. Four metallic plates, each with a surface area 
A are placed at a distance d apart from each other. The two 
other plates are connected to point X and the two inner 
plates to point Y as shown in Fig. 5.66. What is the 
equivalent capacitance of the system of plates ? 
1 


Xx 3 a On 


4 


Fig. 5.66 
Ans. The given arrangement of four plates is equivalent 
to the parallel combination of two capacitors C, and C,. The 


capacitor C, is formed between plates 4 and 3 [Fig. 5.67]. 


Fig. 5.67 
Since area of each plate is A and separation between any 
two plates is d, 


phic €, A 
1-09 
Therefore, equivalent capacitance, 
2¢,A 
C=C 


Q. 5.17. Three metallic plates, each with a surface area 
A, are placed at a distance d apart from each other. The two 
other plates are connected to each other as shown in Fig. 
5.68. What is the equivalent capacitance of the given system 
of plates between points X and Y ? 
1 


2 


3 


Fig. 5.68 
Ans. The given arrangement of three plates is equivalent 
to parallel combination of two capacitors C, and C,. The 
capacitor C, is formed between plates 1 and 2, while the 
capacitor C, is formed between plates 3 and 2 [Fig. 5.69]. 
C, 
1) g2 


Cy 
3} [2 
Fig. 5.69 
Since area of each plate is A and separation between any 
two plates is d, 


€, A 
C = C, * d 
Therefore, equivalent capacitance, 
2€,A 


Q. 5.18. Four metallic plates, each with a surface area 
A, are placed at a distance d from each other. The alternate 
plates are connected to point X and Y as shown in Fig. 5.70. 
What is the equivalent capacitance of the system ? 
1 


2 


~ Y 


4 

Fig. 5.70 
Ans. The given arrangement of four plates is equivalent 
to the parallel combination of three capacitors C,, C, and C,. 
The capacitor C, is formed between plates 1 and 2, C, 
between plates 3 and 2and C, between plates3 and 4 [Fig. 5.71]. 


3174 
Fig. 5.71 
Since area of each plate is A and separation between any 
two plates is d, 
ra 
C,=C, =C3= 4 


Therefore, equivalent capacitance, 


3€ A 
Cac, Cyt 
Q. 5.19. Two capacitors of capacitances 5 uF and 10 pF 
are charged to 16 volt and 13 volt respectively. What is the 
common potential, when they are connected in parallel ? 
(Karnataka, 1985) 
Ans. Here, C, =5 uF =5 x 10°F; 
C, = 10 pF = 10 x 10° F; V, = 16 volt ; V, = 13 volt 
Therefore, charge on capacitor Cy, 
Pet On =5 x 10-6 x 16 = 80 x 10-C 
Charge on capacitor C,, 
pens Vora 10) 612 130 10° C 
Let V be the common potential, when the two capacitors 
re connected in parallel. Then, 


4 +42 _ 80x10 ° +130x 10° 

~Ci+Cy 5x10 +10x 10 
210 x 10° 

Bit MY 


Q. 5.20. Three capacitors of capacitances 10 pE 20 pF 
and 30 yF are connected in parallel to a 100 V battery as 
shown in Fig. 5.72. Calculate the total energy stored in the 
capacitors. 10uF (I.S.S.C.E. 1994) 


20uF 


30uF 


iF 
100V 
Fig. 5.72 
Ans. Here, C, = 10 uF; C, = 20 uF; C; =30 pF 
If C is their equivalent capacitance, then 
C=C, +C, + C, =10 + 20 + 30 = 60 uF 
= 60x 10°F 


The total energy stored in the combination, 
po C VP = 60x 10-6 x (100)? = 0-3 J 


Q. 5.21. Capacitors P, Q and R have each a capacitance 

C. A battery can charge the capacitor P to a potential 
difference V. If after charging P, the battery is disconnected 
from it and the charged capacitor P is connected in 
following separate instances to Q and R (i) to Q in parallel, 
and (ii) to R in series, then what will be potential 
differences between the plates of P in the two instances ? 
(CIB-O.E. 1997) 


ai itierence V, then 


charge acquired by capacitor, q =C V 

(i) When capacitor P is connected to Q in parallel : When 
the capacitors P and Q (each of capacitance C) are connected 
in parallel, 

total capacitance = C+ C=2C 

total charge on the two capacitors = q+0=q=CV 

Therefore, potential difference across each capacitor or 
capacitor P will become 
OMEN, 
mires 

(ii) When capacitor P is connected to R in series : When 
the capacitor P is connected to R in series, the circuit will not 
get completed and likewise sharing of charges does not take 
place. Therefore, potential difference across capacitor P will 
remain unchanged i.e. V. 

Q.5.22. How doesa dielectric differ from an insulator? 

Ans. Both the dielectrics and insulators cannot conduct 
electricity. However, in case of a dielectric, when an external 
field is applied ; induced charges appear on the faces of the 
dielectric. In other words, dielectrics have the property of 
transmitting electric effects without conducting. 

Q. 5.23. Prove that atomic polarizability has the 
dimensions of volume. 

Ans. The induced dipole moment of an atom is given by 

p=ae,E 
Therefore, atomic polarizability, a = 


, 


P 


Eo 
Since Biles units of p, E and ¢, are C m, N C?! and 
C? N-! m? respectively, the units of @ are given by 
Cm Hn: 


P 
Q)= | ——— | = = 
si 2 | CoN iin XNC] 
Hence, a has dimensions of volume. 


Q. 5.24. What is the function of a dielectric in a 
capacitor ? (P.S.S:C.E. 2002, 1999) 


Or 

Explain, why presence of a dielectric increases 
capacitance of the capacitor. (P.S;5.C- 19a 
Ans. When a dielectric slab is introduced between the 
two plates of a capacitor, the electric field between the plates 
gets reduced due to polarisation of the dielectric. The reduced 
value of electric field is equivalent to a decreased value of 
potential difference between the plates. In order to make the 
potential difference again same, more charge has to be given 
to the capacitor. i.e. the capacitance of the capacitor increases. 
Q. 5.25. For a given potential difference, a capacitor 
stores charge q, when dielectric of dielectric constant (K) is 
inserted between the two plates of capacitor. What is the 

new value of charge stored in the capacitor ? 
(H.P.S.S.C.E. 2001) 
Ans. When a dielectric of dielectric constant (K) is 
inserted between the two plates of a capacitor, its capacitance 


“increases K times, while the potential difference between the 


u| ' 
two plates decreases to — of the original value. Therefore, 
new value of charge on the capacitor, 


V 
g' =C’x V'=KCx 77 =CV=qg 


i.e there is no effect on change on the capacitor. 


ants K, and K, have been put between the plates of a 


acitor as shown in Fig. 5.73. If the area of each plate of 
capacitor is A and separation between them is d, find 
capacitance of the capacitor. 


AREA=A 


Fig. 5.73 

Ans. The given arrangement is equivalent to parallel 
nbination of two capacitors, each of plate area A/2, plate 
aration d, such that one has medium of dielectric constant 
and other of dielectric constant K,. If C,; and C, are 
acitances of the two capacitors so formed, then 


é Ey K, A/2_ ey) KA 
; d 2d 
Seen a ee RK 
d Che OM a2 m0 2, 
ay 2 d 2d 
If C is the capacitance of the capacitor, then 
fA eK A 
Gane Giz GQauak sts On 2 
Ta es nok 2d 
MALTA SUS. 
2d 


Q. 5.27. Two dielectric slabs of dielectric constants K, 
| K, have been put in between the plates of a capacitor 
shown in Fig. 5.74. What would be the capacitance of the 


acitor ? (H.S.S.G.E. 2001) 
AREA=A 
Z zy 
Ky d/2 


je 


Fig. 5.74 
Ans. The arrangement is equivalent to a series 
abination of two capacitors, each of plate area of A, plate 
aration d/2, such that one has medium of dielectric 
stant K, and other of dielectric constant K>. IfC, and C, 
capacitances of the two capacitors so formed, then 
epK, A 2€,K, A 


aie iy? nal psn 
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Q. 5.01. Two isolated metallic solid spheres of radii R 

and 2 R are charged, such that both of these have same 
face charge density o. The spheres are located away from 
h other and connected by a thin conducting wire. Find 
new charge density on the two spheres. (I. T. 1996) 

Ans. Let q, and q, be the initial charges on the spheres 
adii R and 2 R respectively. Then, total charge on the two 
eres, 

q=4,+9,=407Ro+42(2R 0 


TECHIE STUFF - CONCEPTUAL 


For &nbitious: brilliant & CUFIOUS STUCENAS _ «rrccnsnnnnins 


a capacitor, then 
1 1 1 d d 
2) =e nS re 
C Cy Co Vara Ky A aay K> A 


4 d 1 i, 1 my d Ky ar K> 
2£) A\ Ky # Ko pi 2€,A\ K;y K> 
hi 2e,K,K,A 
(K,+K,)d 

Q. 5.28. Is there any kind of material that when 
inserted between the plates of a capacitor reduces its 
capacitance ? 

Ans. The dielectric constant K of a material is always 
greater than 1 and is defined as the ratio of the capacitance (C’) 
of the capacitor with dielectric between its plates to its capa- 
citance (C) without the dielectric between the plates, Thus, 

Cc’ 
Ke 
G 

AsK>1,C’> Cie. capacitance of a capacitor on placing 
the dielectric between the plates is always greater than the 
capacitance without the dielectric. Hence, there is no such 
material which when placed between the plates of a capacitor 
would reduce its capacitance. 

Q. 5.29. If instead of a dielectric slab, we put a slab of 
metal between the plates of a capacitor keeping it insulated 
from them, what effect does it have on capacitance ? 

Ans. When a slab of metal is put between the plates of 
a capacitor, its capacitance increases, provided the slab does 
not touch the plates of the capacitor. In case, the slab of metal 
touches the two plates, both plates become at the same 
potential and as a result, the capacitance of the capacitor 
becomes infinite. 

Q. 5.30. Write the principle of Van de Graaff generator. 

(A.S39.C.E.1997) 


or 


Ans. Refer to section 5.20. 

Q. 5.31. What limits maximum potential to which 
the hollow sphere in Van de Graaff generator can be raised ? 

Ans. Because of leakage due to ionisation of surrounding 
air, when the rate of loss of charge becomes equal to the rate 
at which the charge is transferred to the sphere, the maximum 
potential of the sphere is reached. 

Q. 5.32. Why should circuits containing capacitor be 
handled cautiously, even when there is no current ? 

Ans. A capacitor does not discharge itself. In case the 
capacitor is connected in a circuit containing a source of high 
voltage, the capacitor charges itself to a very high potential. 
If some person handles such a capacitor without dicharging 
it first, he may get a severe shock. 


eT'ANSWER QUESTIONS 


or g=20 7R* 0 

When the two spheres are connected by a thin 
conducting wire, they will share charges, till their potential 
becomes the same. On reaching that stage, the charges on the 
two capacitors will be in the direct ratio of their capacitances. 
Therefore, if q’, and q’, are new values of charge on the two 
spheres, then 
, iieGo 
Aye C,+C 

Z 


Cy 
x 
Ci +Co 


and 92°=qx —— 


Since capacitance of 
its radius, 


: Rg! 190 
Riek. os 3! 
2R_ _2q_ 40 
and ‘= 1 
FAS RR IGA 
Therefore, new charge density of the two spheres, 


, 2 
q4 _ 207R 0/3 ee 


mR 60 


9, =49x 


R26 
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deka’ 4nR? 3 
Eee oo 407R2 6/3 5 
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{ \!||Q.5.02. A capacitor is made of a flat plate of area A and 
‘B  asecond plate having a stair-like structure as shown 
in Fig. 5.75. If the width of each stair is A/3 and the height 
is d, find the capacitance of the arrangement. 


A3 
! 
A3 | hip, 
I 
A3 a 
ds 
¥ 

AREA=A 
Fig. 5.75 


Ans. The given arrangement of flat plate and the stair- 
like structure is equivalent to the parallel combination of three 
capacitors C,, C, and C3. The plate area of each of the three 
capacitors is A/3, while the separation between the plates of 
the three capacitors is d, 2 d and 3 d respectively. 


e, A/3 €, A Eo A/3 fey A 
ee ey bi aFarig ge 6d 
€, A/3 €,A 
and. G..=— = ae 


Threfore, equivalent capacitance of the arrangement, 
ey A € " A Ey A 


ge (i+4+4) 
3d Zig 
f 11e,A 
18d 
i Q. 5.03. Five identical capacitor plates each of area A 
_are arranged, such that adjacent are at a distance d 
apart. The plates are connected te a battery of e.m.f V volt 
[Fig. 5.76]. What is the magnitude and nature of charge on 
plates 1 and 4? 


or 


Fig. 5.76 
Ans. The given arrangement of five plates is equivalent 
to the parallel combination of four capacitors namely C, 
(between plates 1 and 2),C, (between plates 2 and 3), C, 


positive plates of these capacitors are plates 1, 3, 3 a 
respectively. 

Since area of each plate is A and separation between é 
two plates is d, 


enA 


C, =O, = C3 =Gy= 
The plate 1 is positive plate of capactor C,. Therefo 
£,A 


Vv 


The plate 4 acts as the negative plate of both: 

capacitors C3 and C,. Therefore charge on plate 4, — 
2e¢ A 
q’=-(C,+C,) V=- ° 

_ Q.5.04. Two parallel metal plates P and Q are inser 

at equal distances into a plane capacitor as showr 
Fig. 5.77. Plates A and B of the capacitor are connected 1 
battery of e.m.f. V. 

(a) What are the potentials of each of the four plate 

(b) How will the potentials of plates P and Q and 
intensities of the fields in each of the three spaces chai 
after plates P and Q have been connected by a wire ?__ 

(c) What will happen to the charges on plates A ¢ 
B, when plates P and Q are connected with a wire. 

(d) Will there be charges on the plates P and Q ai 
connecting them with a wire ? 

AP Q°*38 


charge on plate 1, q=+C, V=+ 


t| 
E 
Fig. 5.77 

Ans. (a) The plates P and Q divide the space betw 
plates A and B in three equal parts. SinceV = Ed, the potent 
of plates A, P, Q and B will be respectivelyV, 2 Me 3, \ 
and 0. 

(b) When the plates P and Q are connected with a w 
the space between plates A and B gets divided into two eq 
parts. Hence, potentials of plates A, P, Q and B will 
respectively V, V/2, V/2 and 0. 

Since potential difference between plates A and P ; < 
between plates Q and B has increased fromV/3 to V/2, 
electric field between these plates will increase. As 
potential difference between plates P and Q is zero, the elec 
field will also be zero. 

(c) Since potential difference between plates A and P 
between plates Q and B has increased, the charge on plé 
A and B will increase. 

(d) Yes. Plate P will have a positive charge and plat 
will have a negative charge. 

t \) Q. 5.05. Prove that energy stored per unit volume 1 


AN ‘capacitor is given bury tS e, E?, where Eis electric fi 


of the capacitor. 
Ans. Consider a parallel plate capacitor having e 
plate of area A and separated by a distance d. Then, 
£o 
d 


capacitance of parallel plate capacitor, C = 


arg > 
electric field between the plates of capacitor, 


Ee 
€ 
or o=€) E 
Also, charge on the plate of the capacitor, 
q=0A=&,EA 
2 
Now, energy stored in the capacitor, U = 5 = 
Substituting for q and C, we have 
1 1 
U= —(, EA)? 0 =—¢ F2 
5 9 EA) 7 fF Ad 


Now, Ad=volume of the capacitor 
Therefore, energy stored per unit volume in the capacitor 
1 
aes 2 
vo €,E 


Q. 5.06. Prove that the total energy stored in a series 
combination of capacitors is equal to the sum of 
ergies stored in the individual capaciiors. 
~ Ans. Suppose that three capacitors of capacitances C,,C, 
d C3 are connected in series to a battery. The equivalent 
dacitance of the series combination is given by 


C Cy Cy ‘” C3 
- Further, when _a series combination of capacitors is 
arged through a battery, the charge on the left plate of each 
Dacitor isq, while induced charges —q and + q are produced 
the right plate of each capacitor. Thus, net charge stored 
the series combination is just q. 
Therefore, total energy stored in series combination, 


2) Giro Dar WME, OH vay 
lod ogiealaligrd indeq? 
Wem Cay Se 
or U=U,+U,+ U3 


Thus, energy stored in series combination of the 
acitors is equal to the sum of the energies stored in the 
lividual capacitors. 

Q. 5.07. Prove that the total energy stored ina parallel 

combination of capacitors is equal to the sum of the 
ergies stored in the individual capacitors. 

Ans. When three capacitors of capacitances C,, C, and 
are connected in parallel, the resultant capacitance of the 
rallel combination is given by 

C=C, +O,+G, 

Further, when a parallel combination of capacitors is 
arged through a battery, the potential difference across the 
o plates of each capacitor is equal to the applied voltage 
Therefore, total energy stored in the parallel combination, 


1 
=5 eves > 
2 


1 s 1 
ye C,V7 + ; CV? + 5 GV? 


or U=U,+U,+U, 

Therefore, total energy stored in parallel combination of 
» capacitors is also equal to the sum of the energies stored 
individual capacitors. 


(C, + C,+ C3) V? 


Pp plate capacitor is is 
connected to a spring of force constantk and can move, 
while the plate B is fixed. The arrangement is held between 
two rigid supports as shown in Fig. 5.78. If a charge + q is 
placed on plate A and ~g on plate B, by how much does the 
spring elongate ? 


AB 
+ = 
+ # 
+ _ a 
2 je * 
Fig. 5.78 


Ans. Suppose that the two plates of the capacitors attract 
each other with a force F and as a result, the spring elongates 
by an amount /. Then, 

F=—kl (1) 

If the area of each of the two plates of the capacitor is A 
and separation between the plates is.x, then capacitance of the 
capacitor, 


apa ——~*..(ii) 


x 
The energy stored in the capacitor, 


Using equation (ii), we have 


q° x 


PA tog \ 
0 
As the electrostatic force (F) is a conservative force, it can 
be expressed as negative gradient of corresponding potential 


1.€. 
ened Oak Sik frag. 
Ox Ox enh 
2 
or Beek Gi 
2¢,A 


The negative sign indicates that force between the plates 
of the capacitor is attractive in nature. 
From equations (i) and (ii), we have 
2 2 
li or neste 
2€,A 2¢,A 
Q. 5.09. If a parallel plate capacitor of capacitance C is 
kept connected toasupply voltage V to just fill the space 
and then a dielectric slab is inserted between the plates. What 
will be the change in the capacitance, potential difference, 
the charge, electric field and the energy stored ? 
Ans. Let K be dielectric constant of the dielectric slab and 
q, Eand U be charge on capacitor, electric field between plates 
and energy stored in the capacitor before inserting the slab. 
On inserting dielectric slab : 
The capacitance of the capacitor will become 
C’ = K C (increases) 
Since the capacitor is kept connected to the supply 
voltage, potential difference will remain unchanged i.e. V. 
The charge on capacitor will become, 
gq’ =C’ V=KC V = K q (increases) 
It may be pointed out that as battery remains connected 
to the capacitor, it can draw more charge from the battery. 
Since potential difference between plates does not 
change, electric field will also remain unchanged. 


—kl=- 


" 1 
Up aelangs yas! 
5 2 


KC yee KU Girieveiene) 


Q. 5.10. A parallel plate capacitor of capacitance C is 
charged to a potential difference V and then the battery 


is disconnected. Now a dielectric slab of the dimensions 
equal to the spacing between the plates is inserted between 
the plates. What are the changes, if any, in the capacitance, 
charge, potential difference, electric fiela and the energy 


stored ? 


Ans. Let K be dielectric constant of the slab and q, E and 
U be charge on the plates of the capacitor, electric field 
between the plates and energy stored in the capacitor before 
inserting the slab. 

On inserting dielectric slab : 

The capacitance of capacitor will become, 
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11. 


12. 


13. 


14. 


15: 


16. 
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Define capacitance. Give its units. Show that the 
capacitance of an insulated spherical conductor is 4 7 €, 
times the radius of the spherical conductor. 
What is a capacitor ? Explain its principie. 
(PS.S.C.E. 2002, 2001, 2000, 1999) 
Explain the principle of a capacitor. 
MP S;5 GE. L997 7/C.B:5-E. 1994) 
Explain the action of a capacitor. (P.S.S.C.E. 1994) 
What are the factors on which capacitance of a parallel 
plate capacitor depends ? Give the corresponding relation. 
(GiBIS:ES1991) 
Obtain a relation for the capacitance of a parallel ne 
capacitor. 
C.B.S.E, 1994 ; Hesce 1994) 
Define capacitance of a capacitor. Derive an expression for 
the capacitance of a parallel plate capacitor. 
(BS)S:C.E 2001 7 C.B:o E1992) 
What is the resultant capacitance, when a number of 
capacitors are connected in series ? Derive the expression 
for it. CE PS:5iC 231997) 
Three capacitors C,, C, and C3 are connected in series. 
Derive an expression for the equivalent capacitance. 
(PSS 75, 1995 HS Sie, Eee Cipoe. 1997) 
What is the resultant capacitance, when a number of 
capacitors are connected in series ? Derive the expression 
for it. (ELE SVS: €. E.31999) 
Three capacitors of capacitances C,, Cy and C3 are 
connected in parallel. Calculate the equivalent capacitance. 
(C.B.S.E, 1994 ; PS.S.C.E. 1992) 
How will you connect a number of capacitors to increase 
the capacitance ? Find the capacitance of the combination. 
Describe series and parallel combinations of capacitors. 
What combination do you use, if the capacitance is to be 
(i) increased (ii) reduced ? 
Prove that energy stored in a parallel plate capacitor 


1 
is> CV’. (C.B.S.E. 2001) 
Prove that energy stored in a parallel plate capacitor can 
2 
be expressed by the relation bye (C.B.S.E. 2001 S) 


What is a capacitor ? Derive an expression for the 
electrustatic energy stored in the charged capacitor. 


(P.S.S.C.E. 2001 ; H.S.S.C.E. 2001) * 


Derive an expression for the energy stored in a parallel 
plate capacitor with air as the medium between its plates. 


(P.S.S.C.E, 2000, 1999 ;'C.B.S.E. 2000, 1998 ; H.S:SiC/E21997 S) 


Since battery has been disconnected, the charge ¢ 


capacitor will remain the same. 


P.D. between the plates, V’= 


ss sag sal aa 
CaKCnK 


Electric field between the plates, 


Re ee 


aK K (decreases) . 


Energy stored in the capacitor, 


18. 


19: 


20. 


21. 
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23. 
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25. 
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29; 
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canying 3 3 marks aaa 
Derive an expression for the energy stored by a capacit 
of capacitance C, carrying a charge q at a potenti 
difference V. 
(FLPS.S.C.E20027PS.5.C. 5.2000) toc. Es tee 
When two charged conductors having differe 
capacitances and different potentials are joined togeth 
show that there is always a loss of energy. 
(PS.S.CEY 2001, 1990'S jal. 
What are polar and non-polar molecules ? What is physic 
importance of dielectric constant ? 
Distinguish between polar and non-polar dielectrics, 
CLS/S.CLES tgs 
What is meant by a dielectric ? Explain how it reduces t 
electric field between two oppositely charged plates, if t 
space between them be filled with it ? 
What do you understand by polarisation of dielectric 
Define dielectric constant in terms of electric fields. 
(H.S.S.CE. 198 
Explain what is meant by dielectric polarisation. Hen« 
establish the relation K = 1 + x. 


Derive a relation for the capacitance of a Gafalldl ple 
capacitor with dielectric slab of thickness t filled betwe 
the plates. * (HLPS.S.C.E. 200 
Derive an expression for the capacitance of a parallel plz 
capacitor with dielectric as the medium between the plat 
(C.B.S.E. 1999, 19§ 
Explain why the capacitance of a parallei plate capacit 
increases, when a dielectric slab is introduced between t 
plates. Define relative permittivity of a dielectric. 
(CBS. Eales 
Explain the effect of introducing a dielectric slab betwe 
the plates of a parallel plate capacitor on its capacitance 
(C.B.S.E. 19§ 
What happens to the capacitance of a capacitor, wher 
dielectric is introduced between its plates ? Expla 
qualitatively. (BS S,G,E.-199 
A conducting slab of thickness t is introduced witho 
touching between the plates of a parallel plate capacit 
separated by a distance d (t < d). Derive an expression f 
the capacitance of the capacitor. (C.B.S.E. 2001 
Derive expression for the capacitance of a parallel ple 
capacitor, when a conducting slab is partially introduc 
between the plates of the capacitor. 
What happens to the capacitance of the capacitor, when t 
conducting slab wholly fills the space between the tv 
plates ? Justify the result. 


10. 


What is a capacitor ? Explain its principle. Obtain a relation 
for the capacitance of a parallel plate capacitor. 
(P.S.S.C.E. 2000, 1996 S) 
Explain the principle of a capacitor. Derive an expression 
for the capacitance of a parallel plate capacitor. 
(H.S.S.C.E. 2002) 
What is a spherical capacitor ? Derive expression for its 
capacitance. 
Define capacitance. Derive an expression for the 
capacitance of a cylindrical capacitor. (C.B.S.E. 1992) 
What is a capacitor ? Derive expression for the total 
capacitance, when three capacitors of capacitances C,, C, 
and C, are connected in (i) series (ii) parallel. 
(H.S.S.C.E. 2002 ) 
Define capacitance of a capacitor. Give its SI unit. Prove 
that the total electrostatic energy stored in a parallel plate 


(C.B.S.E. 2001 S, 1996) 


Derive the expression for the capacitance of a parallel plate 
capacitor with a dielectric medium of dielectric contant K 
between its plates. Obtain also the expression for the 
energy stored in the above case. (C.B.S.E, 2001 S) 
Define capacitance of a capacitor. Give its SI unit. Derive 
an expression for the electrostatic energy stored in a 
charged capacitor. (P'S.S:C.E,, 1999'S) 
How does the total energy stored by the capacitor change, 
when the medium of air is replaced by a medium of 
dielectric constant K ? Explain. (C.B.S.E. 1998) 


1 
capacitor is > ahaa 


Derive the expression for the energy stored in a charged 
capacitor. Show that there is always a loss of energy on 


yee A, on Guneclanse of a candies 


When electrons equal to Avogadro number are 
transferred from one conductor to another, a potential 
difference of 10° V appears between them. Calculate the 
capacitance of the system of two conductors. 
[Ans. 9-63 x 10- F] 
A charged spherical conductor has a surface density of 
0-07 C em. When the charge is increased by 4-4 C, the 
surface density changes by 0-084 C cm~!. Find the initial 
charge and capacitance of the spherical conductor. 
[Ans. 22 C, 5-56 x 10-? F] 
If 64 small mercury drops each charged to 220 V coalesce, 
what will be the potential of bigger drop ? [Ans. 3520 V] 
Twenty seven spherical droplets of radius 3 mm and each 
carrying 10-!? C of charge are combined to form a bigger 
drop. Find the capacitance of the bigger drop. 
(H.S.C.C.E 2001) [Ans. 107! F] 
N drops of mercury of equal radii and possessing equal 
charges combine to form a big drop. Compare the charge, 
capacitance and potential of bigger drop with the 
corresponding quantities of individual drop. 
[Ans. N, N1/3, N2/3] 
The radii of two charged metallic spheres are 5 cm and 
10 cm. Each has a charge of 75 uC. They are connected 
by a conducting wire. Calculate (a) common potential of 
the spheres after connecting and (b) amount of charge 
transferred. [Ans. (a) 9 x 10® V ; (b) 25 uC] 
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connecting the two charged capacitors having capacitances 
C,, C, and potentials V,, V>. (C.B.S.E. 1998 S) 
Derive an expression for the energy stored in a parallel 
plate capacitor. Assuming that the capacitor is 
disconnected from the battery, explain how the (i) 
capacitance (ii) potential difference across the plates and 
(iii) energy stored in the parallel plate capacitor change, 
when a medium of dielectric constant K is introduced 
between the plates. (C.B.S.E. 2001, 2000) 
Derive an expression for the energy stored in a parallel 
plate capacitor. A parallel plate capacitor with air as 
dielectric is charged by a d.c. source to a potential V. 
Without disconnecting the capacitor from the source, air 
is replaced by another dielectric medium of dielectric 
constant 10. State with reasons, how does (1) electric field 
between the plates and (ii) energy stored in the capacitor 
change. (C.B.S.E. 2002) 
Deduce an expression for the capacitance of a parallel plate 
capacitor, when dielectric slab is inserted between its 
plates. Assume the slab thickness to be less than the plate 
separation. (H.P.S.S.C.E. 2002) 
Draw a labelled diagram of a Van de Graaff generator. Give 
its principle and explain its working. (C.B.S.E. 1996) 
Give the principle and explain the working of a Van de 
Graaff generator with the help of a labelled diagram. 
(GB ISIE/1998'S, 1997) 
Discuss the principle, construction and working of Van de 
Graaff generator. (H.S.S.C.E. 2002, 20021, 1993 ; 
PS.S$4.E..2001,1991 ; C.B.S.E,.1999, 1990) 


PROBLEMS 


For Practice 


What distance should the two plates each of area 0-2 m x 
0-1 m of an air capacitor be placed in order to have the same 
capacitance as a spherical conductor of radius 0:5 m ? 
[Ans. 3-183 x 10° m] 
An air capacitor has plates of 6 cm diameter. At what 
distance should the plates be placed so as to have the same 
capacitance as sphere of diameter of 90 cm ? 
[Ans. 0-25 mm] 
A parallel plate capacitor has each plate of 0-06 m diameter 
separated by 0-05 cm of air. What is the capacitance of the 
capacitor ? What would be the radius of a sphere having 
the same capacitance ? [Ans. 50 pF, 0-45 m] 
In a parallel plate capacitor with air between the plates, 
each plate has an area 6 x 10° m? and the distance between 
the plates is 3 mm. Calculate the capacitance of the 
capacitor. If this capacitor is connected to a 100 volt supply, 
what is the charge on each plate of the capacitor ? 
(Text Problem) {Ans. 1-77 x 10-° V] 
A parallel plate capacitor has two plates of sides 0-055 m 
and 0-04 m of air. Their distance apart is 0-7 mm. The 
dielectric constant of the medium in between is 4. Find the 
capacitance of the capacitor. (Karnataka, 1985 S) 
[Ans. 1-1 x 1071? F] 
A parallel plate capacitor has plates of area 0-02 m? and 
separation between the plates 1 mm. What potential 
difference will be developed, if a charge of 1 nC is given 


to the capacitor ? If the plate separation is now increased 
to 2 mm, what will be the new potentia! difference ? 
[Ans. 5-65 V, 11-3 V] 


Type C, On Capacitance of a spherical capacitor 


13. 


14. 


15. 


Calculate the capacitance of a spherical capacitor, if the 
diameter of inner sphere is 0 - 2 m and that of the outer 
sphere is 0:3 m, the space between them being filled with 
a liquid having dieiectric constant 20. —_ [Ans. 1333 pF] 
A spherical capacitor has 10 cm and 12 cm as the radii of 
inner and outer spheres. The space between the two is 
filled with a dielectric of dielectric constant 5. Find its 
capacitance, when the inner sphere is earthed. 
[Ans. 333 pF] 
A spherical capacitor has an outer sphere of radius 0 - 15 
m and the inner sphere of radius 0-1 m. The outer sphere 
is earthed and the inner sphere is given a charge of 6 UC. 
The space between the concentric spheres is filled with a 
material of dielectric constant 18. Calculate the capacitance 
and potential of the inner sphere. 
[Ans. 6 x 1071 F, 104 V] 


Type D. On capacitance of eviincwal capacitors 


16. 


Li: 


The inner and outer radii of a coaxial cable are 0 - 1 mm 
and 0-6 mm respectively. If the core material has dielectric 
constant 12, calculate the capacitance per metre of the 
cable. [Ans. 3-725 x 10-0 F m“!] 
A cable consisting of a wire 3 mm in diameter and 
insulated with 3 mm thick dielectric of relative permittivity 
7 is placed in water. Calculate the capacitance of 1 km 
length of the cable. [Ans. 0-354 pF] 


Type E. On Grouping of capacitors 


18. 


19. 


20. 


Zi 


22s 


23. 


Two spheres of radii 2 cm and 7 cmare connected together. 
What is the total capacitance of the combination ? 

[Ans. 1-73 pF (in series), 10-0 pF (in parallel] 
Three capacitors of capacitances 2 j/F, 3 wF and 4 uF are 
connected (7) in series ; (ii) in parallel. Compare the 
effective capacitances in the two cases. [Ans. 4 : 39] 
The capacitances of three capacitors are in the ratio 1: 2:3. 
Their equivalent capacitance in parallel is gerater than their 
equivalent capacitance in series by 60/11 pF. Calculate their 
individual capacitances. [Ans. 1 yF, 2 uF; 3 FI 
Three capacitors of capacitances 1, 3 and 6 microfarad and 
connected so that the second and the third are in series and 
the first is in parallel with them. Calculate the capacitance 
of the combination. [Ans. 3 pF] 
Three capacitors, each of capacitance 6 LF are connected 
together in series and are also connected in series with 
three capacitors of values 2 WF, 4 uF and 2 uF, which are 
grouped together in parallel. Calculate the total combined 
capacitance. [Ans. 1-6 LF] 
Calculate the capacitance of the capacitor C in the network 
shown in Fig. 5.79. The equivalent capacitance of the 
combination between P and Q is 30 uF. (C.B.S.E. 1995) 
[Ans. 60 uF] 


20 UF 


Fig. 5.79 


24. Find the equivalent cap. of the sy: 
5.80 between the points X and Y. 


: 
; 


Fig. 5.80 
25. Four capacitors are connected as shown in Fig. 5.81. 
Calculate the equivalent capacitance between the points X 
and Y. (C.B.S.E. 2000) [Ans. 15 pF] 


Ne 
5 UF 10 uF 15uF | 30uF 


Fig. 5.84 
26. Find the resultant capacitance between points X and Y of 
the combination of capacitors shown in Fig. 5.82. 
(H.S.S.C.E. 2001) [Ans. 2:5 uF] 


- 


Fig. 5.82 
27. The outer cylinders of two cylindrical capacitors of 
capacitance 2:2 yF each are kept in contact and the inner 
cylinders are connected through a wire. A battery of e.m.f 
10 V is connected as shown in Fig. 5.83. Find the total 
charge supplied by the battery to the inner cylinders. 
[Ans. 44 pC] 


Fig. 5.83 
28. Find the equivalent capacitance between the points X and 
Y of the network of capacitors shown in Fig. 5.84. 
[Ans. 1 uF] 
2 MF 


pecs ame 
rales fe mfr fn 


iY 


Fig. 5.84 
29. A 0-5 uF capacitor connected in parallel to 0-75 uF 
capacitor and this combination is joined to a 100 volt d.c. 


35. 


UTS.0:C.E- 1997) 

[Ans. 125 uC, 50 uC, 75 uC] 

Calculate the capacitance of a combination of three 

capacitors of capacitances 8, 12 and 24 uC, when they are 

joined in () series (i) parallel. Find the charge on each plate 

in the series arrangement, if the potential difference across 

the system is 100 volt. 

[Ans. (i) 4 wR, (ii) 44 uF; 4x 10*C] 

In the network of capacitors shown in Fig. 5.85, find 
(i) equivalent capacitance and (ii) total charge. 

(P.S.S.C.E. 1993) [Ans. (i) 66-67 pF ; (ii) 2 x 10-8 C] 


C,=100 pF 


charge on each capacitor. 


C,=200 pF C,=200 pF 


Fig. 5.85 
A network of four 10 uF capacitors is connected to a 500 
V supply as shown in Fig. 5.86. Determine the (a) 
equivalent capacitance of the network and (b) charge on 
each capacitor. 
[Ans. (a) 13-33 uF (b) q, = 4p = 93 = 1:67 x 10°C, 
44 = 5-0 x 10° C] 


C, 

B fe Cc 
C ie 

1 3 
41 Cy 

A us D 

pb B58 YE z 

Fig. 5.86 


The capacitors C,;, C, and C3 are connected as shown 
in Fig. 5.87 to a 100 V d.c. supply. If C; = 2 uF, C, = 3 uF 
and C, = 5 uF, find potential difference across each 


capacitor [Ans. V, = 80 V, V,= V3 = 20 V] 
Cy 
C, 
Cy 
+100 V—- 
Fig. 5.87 


Three capacitors have capacitances 10 1F, 50 wF and 25 pF 
respectively. Calculate (i) charge on each, when 
connected in parallel to a 250 V supply, (ii) total 
capacitance and (iii) potential difference across each, 
when connected in series. 
[Ans. (i) q, = 2500 pC, gy = 12500 uC, q3 = 6250 uC ; 

(ii) 85 pF ; (iii) V, = 156-25 V, V> = 31-25 V, V3 = 62:5 V] 
The capacitance of all the capacitors shown in Fig. 5.88 are 
as below : 
C,=C,=3 wEC,=5 wE.C,;=C,=Ce=4 wand C, = 
2 YE 


36. 


37. 


38. 


39. 


40. 


41. 


equivalent capacitance between the points 
A and B ? (b) If the charge on 5 uF capacitor is 120 uC, 
what is the potential difference between the two points A 


and B? [Ans. (a) 5 pF ; (b) 96 VJ 
C, 
Cy 
A Cs B 
Cs 
C, 
Fig. 5.88 


Two capacitors of capacitances 2 uF and 4 uF are separately 
charged to potentials 100 V and 75 V respectively. What are 
the charges carried by each ? What would be the value of 
the potential, when they are connected together in parallel 
and what would be charges on them after contact ? 

[Ans. 200 uC, 300 uC, 83-33 V ; 166-67 uC, 333-33 uC] 
Two capacitors A and B of capacitances 4 uF and 2 pF 
respectively are connected in series with a battery of e.m.f. 
100 V. The connections are broken and the like terminals 
of the capacitors are then joined. Find the final charge on 
each capacitor. [Ans. 177-8 uC, 88-9 uC] 
A capacitor of 3 YF is charged to a potential difference of 
300 V and a capacitor of 2 UF to 200 V. After charging the 
capacitors, their plates charged with unlike charges are 
connected. What quantity of electricity will be transferred 
during connection and from what capacitor will this take 
place ? [Ans. 6 x 10-*C from capacitor of 3 uF] 
Aconductor charged to a potential of 40 V is connected to 
an uncharged conductor of 10 F capacitance. The common 
potential developed is 25 V. Calculate the capacitance of 
the first conductor. [Ans. 16-67 F] 
A conductor has a charge of 0-5 wC and at potential of 
20 V. Another uncharged conductor, whose capacity is 
0-015 wF is momentarily connected to the first and then 
separated. Calculate the charges carried by each after 
contact and what is the value of the common potential. 

[Ans. 0-3125 pC, 0-1875 pC ; 12:5 V] 
An air capacitor has an area of 1000 cm? and the plates 
being 4 mm apart. It is connected in series with another 
capacitor having a plate area of 20 cm?, the plates being 
separated by a dielectric 0-1 mm thick having dielectric 
constant of 2-5. If the potential difference across the second 
capacitor is 100 V, find the voltage applied across the series 
combination. [Ans. 300 V] 


Type F. On Energy stored in a capacitor 


42. 


43. 


45. 


Two insulated spherical conductors of radii 5-0 cm and 10-0 
cm are charged to potentials of 600 V and 300 V 
respectively. Calculate the total energy of the system. Also 
calculate the energy after the spheres have been connected 
by a fine wire. [Ans. 1-5 x 10-6 J, 1:33 x 10° J] 
A capacitor charged from a 50 V d.c. supply is found to 
have a charge of 10 uC. What is the capacitance of the 
capacitor and how much energy is stored in it ? 

(1.S.C.E. 1993) [Ans. 0-2 uF ; 2-5 x 10*J] 
A capacitor with a capacitance of 50 uF is connected to a 
battery of 10 V. Find the charge on it in coulomb and its 
energy in joule. [Ans. 500 yC, 2:5 x 10-3 J] 
A parallel plate capacitor of 300 uF is charged to 200 V. If 
the distance between its plates is halved, what will be the 


46. 


47. 


48. 


49. 


¢ ‘po 


- ng) 
(PS.S.C_E. 1999) 
[Ans. 100 V,3.J (decrease)] 
The plates of a parallel plate capacitor are 50 cm? and one 
mm apart. (a) What is its capacitance ? (b) When it is 
connected to a 45 V battery, what is the charge on either 
plate and the energy stored in it ? (c) What is the electric 
field between the plates ? 
[Ans. (a) 44-27 pF ; (b) 1-99 x 10°°C ; 4-48 x 10°8J ; 
(c) 4-5 x 10* V m4] 
A 400 pF capacitor is charged by a 100 V battery. How 
much electrostatic energy is stored by the capacitor ? The 
capacitor is disconnected from the battery and connected 
to another 400 pF capacitor. What is the electrostatic energy 
stored by the system ? (H.S.S.C.E. 1999 S ; P.S.S.C.E. 1991) 
[Ans. 2-0 x 10-° J, 10~* J] 
A capacitor carrying a charge equal to 2 wC up toa 
potential 100 V is put into contact with another capacitor 
carrying a charge of 1-5 uC up toa potential of 60 V. What 
is the resulting potential, the charge carried by each, the 
total energy before and after connection ? 
[Ans. 77:78 V ; 1:56 x 10°C ; 1-94 x 10° C; 1-45 x 104 J ; 
1:36 x 10 J] 
Two capacitors are in parallel and the energy stored is 
45 J, when the combination is raised to a potential of 
3000 V. With the same two capacitors in series, the 
energy is 4-05 J for the same potential. What are their 


in energy stored in it ? 


Type Gi Bn Loss of energy on sharing charges. oy 


50. 


51. 


BZ. 


53. 


54. 


55. 


A variable capacitor is kept connected to a 10 V battery. If 
the capacitance of the capacitor is changed from 7 LF to 
3 pF, what is the change in the energy ? What happens to 
this energy ? (I.S.C.E. 1996) 
[Ans. 2 x 10 J (decreases), lost as heat and 
electromagnetic radiation] 
A capacitor of capacitance 6 HF is charged to a potential 
equal to 150 V. Its potential falls to 90 V, when another 
capacitor is connected to it. Find the capacitance of the 
second capacitor and the amount of energy lost due to the 
connection. [Ans. 4 pF ; 0-027 J] 
A5 uF capacitor is charged by a 220 V supply. It is then 
disconnected from the supply and is connected to another 
uncharged 2:5F capacitor. How much electrostatic energy 
of the first capacitor is lost in the form of heat and 
electromagnetic radiation ? (PSIS:;GB81998'S) 
[Ans. 0-04 J] 
A 12 mF capacitor is charged by a 200 V supply. It is then 
disconnected from the supply and is connected to another 
uncharged 8 mF capacitor. How much electrostatic energy 
of first capacitor is lost in the form of heat and 
electromagnetic radiation ? [Ans. 96 J] 
A 600 pF capacitor is charged by a 200 V supply. It is then 
disconnected from the supply and is connected to another 
uncharged 600 pF capacitor. How much electrostatic 
energy is lost in the process ? , (Text Problem) 
[Ans. 6 x 10° J] 
Two capacitors of 25 uF and 100 #F are connected in series 
to a source of 120 V. Keeping their charges unchanged, they 
are separated and connected in parallel to each other. Find 
out (a) potential difference between the plates of each 
capacitor and (b) energy loss in the process. 
[Ans. 38-4 V ; 0-052 J] 


Type H. On Effect of dielectric 


56. 


An air capacitor of capacitance 2 UF is charged to a 
potential 200 V. What is the energy stored in it ? Ifa 
medium of dielectric constant 2 is inserted between its 


3%, 


61. 


arot) is ; the tort of energy, it tt sfore 4 ? 


[Ans. 0-04 J; 0-08 
A parallel plate capacitor has capacitance 20 uE. A potent 
difference of 220 V is applied across it. Calculate the char 
on the plates and energy stored in capacitor. If a dielect 
slab of dielectric constant 55 is introduced between } 
plates, calculate the new value of potential difference : 
the energy stored. 
[Ans. 4-4 x 10° C, 0-6484 J ; 4 V,8-8 x 1 2 
When a slab of insulating material 4 mm thick 
introduced between the plates of a parallel plate capacit 
it is found that the distance between the plates has to’ 
increased by 3-2 mm to restore the capacitance to 1 
original value. Calculate dielectric constant of the materi 
[Ans. 
A parallel plate capacitor with plate separation 5 mm 
charged by a battery. It is found that on introducting a mi 
sheet 2 mm thick, while keeping the battery connectio 
intact, the capacitor draws 25% more charge from f 
battery than before. Find the dielectric constant of mic 
[Ans. 
An air parallel plate capacitor having plates of area 
6 x 10-° m? and plate separation 3 mm is connected te 
200 V supply. Calculate charge on each plate of # 
capacitor. Explain what would happen, when a3 mm thi 
mica sheet (K = 8) is inserted between the plates (a) wh 
supply voltage remains connected and (b) after the supp 
is disconnected. 

[Ans. 3-54 x 10°? C ; (a) 283 x 10°8 C ; () 3-54 x 107 
A parallel plate capacitor has a capacitance of 2 uF. Asl 
of dielectric constant 5 is inserted between the plates a 
the capacitor is charged to 100 V and then isolated. (a2) Wh 
is the new potential difference, if the dielectric slab 
removed ? (b) How much work is required to remove t 


F wer ty A Graatf Laas. (a) 500 V ; (b) 0-2 


62. 


63. 


64. 


In a Van de Graaff generator, the spherical metal shell 
to be kept at 18 x 10° V. The dielectric strength of the g 
surrounding the metal shell is 4-5 x 107 V mz7!. What 
the minimum radius of the spherical shell -required ? 
[Ans. 4 c1 
A spark passes in air, when the potential gradient at 
surface of a charged conductoris 3 x 10° V m7!. What mt 
be the radius of an insulated metal sphere, which can’ 
raised to a potential of 3 x 10° V, before sparking into t 
air ? What will be the energy stored immediately befo 


sparking occurs ? (Text Problem) [Ans. 1 m ; 500 
MISCELLANEOUS PROB 


A capacitor is made of a flat plate of area A and a secoi 
plate having a stair-like structure. The height of first st 
of the stair is d, while those of subsequent steps is b [Fi 
5.89]. If all the steps are of same width, calculate t] 
capacitance of the structure. 


wre. 2. 
ily €9 A(3d° +6bd+2b> 
3d (d+b)(d+2b) 
b 
b 
qh 
¥ 
AREA=A 
Fig. 5.89 


06. 


ance of 

each of area A metre? separated by distances d, and d, 
metre respectively. The space between them is filled with 
dielectrics of relative dielectric constants €, and €,. The 
dielectric constant of free space is €). (Roorkee 1987) 


Rix £9 €; &2 A | 
dy Eo +dy e | 


A parallel plate capacitor is constructed using three 
different dielectric materials as shown in Fig. 5.90. The 
parallel plates across which a potential difference is 


Charge on each conductor, 
q=Ne=6-02 x 10% x 1-6 x 10°C 


23 -—19 
-q  6:02x10" x 1-6 10 
Nevis ee 

ti Vv 10° 


Let q be charge on the spherical conductor and r be its 
radius. Then, 


—4 =0-07Cm? 


= 9-63 x 10-7 F 


(1) 


Anr 
When charge is increased by 4-4 C, we have 
g4* 4 0-084Cm? Ai) 
4nr 
From equation (7) and (ii), we get 
q+4-4_ 0-084 
Pee ~"9-07. OF 4= 22C 


From equation (1), we have 


ie DET SAY FORRES RE ce 
4nx0-07  \4ax0-07 


Therefore, capacitance of spherical conductor, 


C=47e) r= ap iDPss = 5-56 x 10° F 
9x10 
Proceed as in solved problem no. 5.03. 
By proceeding as in solved problem no. 5.03, find the 
radius of bigger drop. It will be found that 
R=3 pedixa=9mm= 9% d0>m 
9x10 ° 
9x10" 


Letq be charge on each small drop andr be its radius. Then, 
capacitance and potential of each small drop, 


bas esd 


4m& Fr 
Let R is radius of the big drop formed. Then, 


C=47e R =10 VF 


C=47€9r and V= 


<aPxN=> aR or R=N!/3r 


- Charge on big drop, q7’=Nq_ or an 


Capacitance of big drop, 
C’=472,Ra42e,N'%r=NC 
iC 
bead RANE} 
or c N 
Potential of big drop, V’= i We 
BT Rt ol Am eg oR 
= 1 P Nq =N?2/3~x 1 q 
4m & N'/%r 4m& 1 
or V’=N2/3V_ or = N23 


7 y, ERIS 


A 


6. 


~ 


10. 


11. 


12. 


d by a 
distance d = 2 mm. If K, = 4, K, = 6 and K; = 2, find 
capacitance across points A and B. [Ans. 1-56 pF] 


A 


Here, r,=5cm=0-05 m;r, = 10 cm =0-1m, 
o: 2 Gy = Gy = PO pCa MIC 
(a) Now, C, =47 €) 7, =4.7 € x 0-05 
and C, =47 €)r,=47€)x 0-1 
Common potential, 
yath __ 75x 10°°+75x 10° 
C,+C, 4m7€)X0-05+47 €) x0°-1 
_ 9x10" x 150 x 10° 
4 0-15 
or V=9x10°V 
(b) Now, q,'=C,V =4 7 € x 0-05 x 9 x 106 
= 50 x 10°C =50 pC 
Therefore, charge transferred = q, — 4," = 75 — 50 = 25 pC 
Capacitance of spherical conductor, C = 4 7 €,R 
or C=47€)x05 (7) 
Let d be distance between the two plates of air capacitor. 
Area of each plate, A = 0-2 x 0-1 = 0-02 m2 
A _ &X0-02 


+0) 
C=Be=s 
d d 


From equations (7) and (ii), we have 
Eo x 0-02 
d 


...(ii) 


=47&)x0°5 
_ 0-02 
4nax0-5 


Proceed as in problem no. 7. 
Proceed as in problem no. 7. 


ey A 8:854x10 2 x6x10° 


or = 3-183 x 10° m 


C= = =1-77x10 "EF 
d 3x 10 
Now, q = C V = 1-77 x 10! x 100 = 1-77 x 10° V 
K 
Now, ee ‘ 


Here, K = 4, A = 0-055 x 0-04 m2, 
d=0-7 mm =0:7 x 10° m 
8-854x 10 !2x 4x 0-055 0-04 


G= =) 
0-7x10 
=11x10F 
. lz . 
c= foA_8 854 x 10 BE 02 _4-77x10-9 F 
d 1x10 
q 10-? 
Now, V=-—= = 5-65 V 


Ce hV7 xX 100" 
On increasing the separation : 
_ &9 A__ 8854x107 '*x 0-02 


: >i? =8-854x10°''F 
ae | 


& 


13. 


17. 


18. 


19. 
20. 


Pile 
22: 


10°? 


Now, v-t=—____, =113 V 
C  8-854x 10 ; 
ab 1 0:2x0-3 
C=4 K: = ——— X 20 x ————_ 
Riv? ih) Pougs POSCLURe 0-3-0-2 


= 1.333 x 10°? F = 1333 pF 
Proceed as in problem no. 13. 
Proceed as in solved problem no. 5.08. 
Capacitance per metre, 


DA tay Te 22x 8-854x 10 17x 12 


ier bia 0-6x10~ 
; OF10'> . 22303 X log, ,. = 
a $10 0-1x10-3 
= 3-725 x 10719 Fm} 
NogRel ee 


2-303 logo . 


3 
Here, K=7,1=1km=10? m,a= = =15mm 

b =a + thickness of dielectric = 15+3=4-5 mm 
2X 8-854x 1072 x 7x 10° 


C= <n = 0-354 x 106 F 
"Ox 
2-303 loz = 
610 4.5107 
= 0-354 wF 
my) 
x 
Cy = 4m eg y=, =2-22x 10-2 F= 2-22 pF 
9x10 
Pita ayes a =7-78X 10 1? F=7-78 pF 
: Or EIR 10° P 
When the two spheres are connected in series : 
C; Co 2:-22x7:-78 
C= = = . 
Cet Gy Pee 


When the two spheres are connected in parallel : 
C’=C, + C, =2:22 + 7-78 = 10-0 pF 
Proceed as in SAQ 5.11. 
Let the capacitances of the three capacitors be C, 2 C and 
vie! 
When connected in parallel : 
C’=C4+2€+3C=6C 
When connected in series : 


Lata a 1 : 1 = deh 6C 
Cre ti Cre 1 
According to the statement of the problem, 
6C 60 
CS aa = 
i Og» (OF C=1yF 


Therefore, capacitances of the three capacitors are 1 pE, 
2 hE and 3 pe 

Proceed as in solved problem no. 5.12. 

The capacitors are connected as shown in Fig. 5.91. 


2uF 


6uF 6uF 6uF 4uF 


—l Ftbr 


Fig. 5.91 
The capacitance of the parallel combination of 2 FE, 4 wF 


and 2 wF capacitors, 
C’=24+4+2=8 pF 


23. 


24. 


25. 


26. 


ie 


28. 


29. 


30. 


The capacitance of parallel combination of three capacit¢ 
each of 20 yE, 
C’ = 20 + 20 + 20 = 60 pF 


Lig; 

— + — 
PAG OM 30 C 30 60 60 
Let C’ be capacitance of the series combination of C, a 
C,. Then, 


Now, > = OL ans ala eat leet ee 


C1 C2 
Cae 
Therefore, equivalent capacitance of the system betwe 
points X and Y, 
Cec AC RRRa oS: Ch neat 
aqui = © FE OC BIS = ere : 
Refer to SAQ 5.14: The three capacitors connect 
between points A and B are in parallel. If C’ ist 
capacitance of their combination, then 
C’=5+ 10+ 15 =30 uF 
Now, capacitor C’ and 30 yF capacitor are in seri 
Therefore, equivalent capacitance between points X ane 
_C’ x30 30x 30 
C’ +30' 30430 
By proceeding as in solved problem 5.19, find 1 
equivalent capacitance C’ between points A and B of! 
arrangement. It can be obtained that 
C'=5 pF 
Now, capacitor C’ and the left out 5 uF capacitor are 
series. Therefore, equivalent capacitance between poi 
X and Y, 


= 15 pF 


XS IK 
“C45 545 
The two capacitors are connected in parallel. 
C=2:2+22=4-4 uF 
Now, q=CV=44x 10=44yC 
It follows that the two 2 pF capacitors connected at 
extreme left end of the network are in series. The equival 
capacitance of these two capacitors, 


= 2-5 uF 


This equivalent capacitor C, and the next capacitor of 1 
are in parallel. Therefore, equivalent capacitance of C, a 
this 1 yF capacitor, 
C,=1+1=24F 

Now, the series combination of C, and the next 2 yl 
connected in parallel to the next 1 yF capacitor. If 
continue finding equivalent capacitance in such ste 
finally the series combination of two 2 uF capacitors ¥ 
be left. Therefore, equivalent bee of the netwc 

2X2 

ipso per 
Let q, and q, be charges on the two capacitors. 
Then, 4, =C, V = 0-5 x 10 x 100 = 50 x 10°C = 50 
and gy =C, V=0-75 x 10 x 100 = 75 x 10° = 75 yt 
Therefore, charge taken from the source, 

9 = 44 + 92 = 50 + 75 = 125 pC 
Ly Geslsc erat ele 


1 
) Now, ——=—+2-+—-=————_ = 
0 NOW Seon ee aaa eee 24 


or C,=4 uF 


capacitor is same. Let q be charge on each capacitor. If V,, 
V, and V, are potential differences across these capacitors, 
then 

V,+V,+ V3 = 100 
or ee + 2 + eee = 
8x10 12x 10 24x 10 


——4_~ 342+1)=100 or q=4x104C 
24x 10 

Note. Charge on each cagepee of the series combination, 
q=C,x V=4x 10% x 100=4x104*C 

(i) By proceeding as in solved problem no. 5.34, it can be 

obtained that equivalent capacitance, 


200 
C= 3 = 66-67 pF 


200 
ii) Now, q=CV = ~5~ x 10-2 x 300 =.2 x 19°C 


(a) The capacitance of series combination of C,,C, and C, 

is given by 

1 1 1 1 3 
+= 


10 
5 ETS ETC tar red 
Therefore, equivalent capacitance of the combination 
between points A and D, 

C=C’ +C,=3:33 + 10 = 13-33 uF 
(b) Let q,, 4, 93 and q, be charge on capacitors C,, C,, C; 
and C, respectively. 
As, C;, C, and C, are in series, 


10 
91 = 92. = 93 =C' x V= x 10° x 500 


= 1.67 x 10°C 
Also, q4=C, x V = 10 x 10° x 500 = 5-0 x 10° C 
Equivalent capacitance of parallel combination of C, and 


3 
Cy3 =C, + C3 =3+5=8 uF 


Equivalent capacitance of the whole network, 


C= —— =1-6 uF 


C,+Co, 2+8 
The charge acquired by the network, 

g=CV=16x 10 x 100=1-6 x 10*C 
Since C, and C,, are in series, charge on each of them is 
same as on the network i.e. equal to 1-6 x 104 C. 
Potential difference across C,, 


—4 
q _ 16x10 
= SS Sen = V 
TC ay 2 10Ta 
As C, and C, are in parallel, 
-4 
oat ley rag bb la So 


Gyg Vset0 
(i) q, =C, V = 10 x 10° x 250 = 2500 nC, 
4x = Cy V = 50 x 10 x 250 = 12500 pC 
and q,=C,V=25 x 10° x 250 = 6250 wC 


WC, =C, + C,+C, = 10 + 50 + 25 = 85 pF 


(iti) sfx arxgmdk Nit > Me's 
Coleen ate. Canes 50 "9m - 50 


or C,=27= 6:25 uF 


Charge on each capacitor is equal to charge on the series 
combination. Therefore, 
y= 4g S9g = Cy NV = 6-25;x.10- x 250 
= 1.5625 x 10°C 


B. 
en capacitors are connected in series, charge on each 


35. 


36. 


BYf 


_  _ 1:5625x10"° 


= 31-25 V 
Cy 50x 107° 


93. _ 1:5625x 10° 
Cy 25m ° 
(a) Equivalent capacitance of parallel combination of C,, 
C, and C,, 

Cy93 = Cy + Co + Cg = 3 4+544= 12 KF 
Equivalent capacitance of series combination of C,53 and 


and V3 = = 62:5 V 


Cy 
| Cy3*%Cq 12K 4 | 


Cin33+ Cy «1244 
Equivalent capacitance of parallel combination of C, and 
Cy, 


Cop = Co +C,=4+2=6yF 
Equivalent capacitance of series combination of C, and 
Coz, 

eis : Cin 3+6 

Therefore, capacitance of network between points A 
and B, 

C= C! +14 3h — 5 40 
(b) Charge on 5 yF capacitor i.e. C5, 

Go. = 120 pC= 120he tine C 


—6 
Ve ee bi 


= 2 UF 


Therefore, charge on parallel combination of C,,CG, andC;, 
9323 = C423 X Vp = 12 x 10 x 24 = 2:88 x 104 C 

Since C,73 and C, are in series, 

94 = 9193 = 2:88 x 10*+C 
qa _ 2°88x10"* 
Cy ‘ing 4K 10° 
Hence, potential difference between points A and B, 

V=V,+V,=24+72=96V 
Here, C, = 2 uF ;C,=4 pF; V,=100V;V,=75V 

4, = Cy Vz =2 x 100 = 200 pC 

and = qy=C, V2 =4 x 75 = 300 pC 
When capacitors are connected in parallel : 
Total capacitance, C = C, + C, =2+4=6 wC 
Total charge, q = 4, + qy = 200 + 300 = 500 pC 
Therefore, potential difference across the combination (or 
individual capacitor), 


and V4 = = f2 


; 500 
Now, 4; ea ae x ory = 166-67 pC 


- y 500. 
and q,’=C,V=4x “- = 333-33 uC 


When capacitors are connected in series with a battery of 
100 V: 


- fl Cc Cc, CG = 4x 22 aH 
Total capacitance, C = egy: 3 tae 3f 
Charge on capacitors C, and C,, 

4 400 
4 =q,=CV= a Oe, =H 


When charged capacitors are connected in parallel : 
Total charge on the two capacitors, 
. 400 , 400 _ 800 
a Ath» dae a2 3 uC ,) 


38. 


39. 


40. 


41. 


=44+2=6 uF 
Common potential of the two capacitors, 
" _ 800/3 _ 400 


v=4 Vv 
G 6 9 
400 
gq, =C,V =4~x ety = 177-8 uC 
400 


and q,’=C,V=2x 9 = 88-9 pC 


Here, C, = 3 wF ; V; = 300 V; C, = 2 uF; Vz = 200 V 
Now, 41 =C, Vz =3 x 300 = 900 uC 
and = q)=C, V =2 x 200 = 400 uC 
When plates of two capacitors charged with unlike 
charges are connected : 
Total charge on the combination, 
q = 900 + (— 400) = 500 pC 
Total capacitance of the combination, 
C=C, +C,=3+2=5 pF 


500 
Common potential, V = s =-—— =100V 


4,’ =3 x 100 = 300 wC 
Hence, charge transferred from capacitor C,, 
91 -— 9," = 900 - 300 = 600 wC = 6 x 104 C 
Let C, be capacitance of the first conductor, 
Here, V; = 40 V;C, =10F 4, =0 
Now, 9, =C, V; =C, x 40 
Common potential, 


CEES PV CLITS MCHA 
x 
This, i a C, = 16-67 F 
C, +10 
Here, q, = 0-5 uC, V, = 20 V, C, = 0-015 vE, gq, = 0 
1 0:5 
= #1=—~=0-025 uF 
Now, C, V, 20 u 


When capacitor C, is connected momentarily to C, (in 
parallel), 
total capacitance, C = C, + C, = 0-025 + 0-015 = 0-04 wF 


total charge, 9 =9, + 47 =05+0=0-5 nC 
see tts q _ 0°5 ; 
common potential, V = C = 0-04 12:5 V 


Now, qy = C, V =0-025 x 12-5 = 0-3125 pC 
and gp’ = CV = 0-015 x 12:5 = 0-1875 pC 
Here, A, = 1000 cm* = 0-1 m?; d, =4mm=4~x 103 m; 


Kod 
A, = 20 cm?= 20 x 10+ m? ; d, = 0-1 mm = 104m; 
K, =25 
c = f0Ki At _ 8-854x 1072 x1x0-1 

Fea ae ade) Was hak 3 A Fall 


dy 4x107° 
= 221-35 x 10°12 F 


&) K, Ap _ 8-854 10° * x 2-5x 20x 10 * 


and CGC 7 107 4 
= 442.7 x 10° F 
Now, potential difference across second capacitor, 
V,= 100 V 


Gn = Cy Vy = 442-7 x 10-1? x 100 = 442.7 x 10° C 
As the two capacitors are in series, charge on first capacitor, 
91 = 9 = 442-7 x 10719 C 


42. 


43. 


44. 


45. 


46. 


gy 4 cided: =200V- 
C; 221-35x 10 
Hence, potential difference across series combinatio: 
V=V, + V> = 200 + 100 = 300 V 
Here, r,; = 5-0. cm = 0-05 m, r = 10-0 cm = 0-1 m; 
V, = 600 V ; V, = 300 V 
O05 cue a5 


Now, C,=42¢,r, = ——>~=_— 10 F; 
ow, <4 Of oy 190 
Obes enourily, 
C,=42 €&) m =——, = — x10 'F 
4 oe 9x10? 9 


1 1 
Now, total energy, U= 5 G V+ 5 NS 


= sxe x 10-1! x (600)? + XS x10 xg 
=10°+0-5 x 10° =1-5 x 10° J 
On connecting with wire : 
5 10 iB) 
Cat Ox. 9 AO otha ON Rae Ge ira: 
Total charge, q = q, + 97 =C, V; + C, Vo 


= 21071 x 600 + 2 107! x 300= 2x 10 


Tigh oa 
U =-— = - x SS 
Total energy, a ees 5 x07! 
= 1-33 x 10° J 
Here, V = 50 V and gq = 10 pC 
Abs) oni inae 
Vioo5o 4h 
r wrmtih 
Energy stored, U = > (Cio > x 0-2 x 10 x (50) 
=2:5x10*J 


Here, C = 50 uF ; V = 10 V 
qg=CV=50x 10 = 500 nC 


Energy stored, U= ; ove x 50 x 107° x (10)? 


=25x107J 
Here, C= 300 pF ; V = 200 V 
g=CV=300 x 10 x 200=6x 10*C 
When the distance between plates of a capacitor is hal 
its capacitance inreases by a factor 2 i.e. 
C’=2.C =2 x 300 = 600 wF 
Therefore, potential between the plates of capacitor, 
-2 
q 6x10 
et = ———_ 2100 V 
Cc’ 600 10°° 


Initial energy stored in the capacitor, 


, 


u=5cVv" =3x 300 x 10° x (200)? =6 J 
Final energy stored in the capacitor, - 


U'=5C'V2=2 x 600% 10"§ x (100)? =3J 


Therefore, decrease in energy stored, U-U'=6-3- 
Here; A = 50 cm? = 50 x 104 m?;d=1mm=10°% m 
eo A _ 885410 2x 50x1074 
d 10° 
= 44-27 x 10-1? F = 44-27 pF 


(a) C= 


Also, U=5cV =3x 44-27 x 10712 x (45)2 


47. 


48. 


49. 


= 4-48 x 10° J 
(c) Electric field between the plates of capacitor, 
V_ 45 
E=— it 4 -1 
q 193 = 25% 108 Vm 
Here, C, = 400 pE V, = 100 V 


# U=56 Y= ; x 400 x 107 x (100)? 


=2x10J 
On connecting the charged capacitor to another 
capacitor : 
Here, C, = 400 pF 


Total capacitance, C = C, + C, = 400 + 400 = 800 pF 
Total charge, q = q, + 47 = C, V, +0 = 400 x 10°!? x 100 


. =4x 10°C 
Therefore, common potential, 
4x 107° 
=i. ceacaeastian =50V 
C  800x 10 


Therefore, ene pares in the system, 
U=>CV?= * 800 x 10- !* x (50)? = 10-6 J 
Here, q; brace xt = 100 V ; q, = 1:5 wC and V, = 60 V 


-6 
q 2x10 =e 
C= =a le 
a ETE 
% —6 
and Cyn? = eee ex ig fF 
V> 60 


When two capacitors are put into connect : 
CBC HO =2 x 10°45 x10 8=45 x 10°F 
= 414% =2415=35 pC £08 x 10°C 

id Ae gine egy iam 

Common potential, V = =o = EL lie aK tgo 

qq, = Cy V = 2x10 x 77-78 51-56 x 10°C 

and qy’=C,V=2:5 x 10° x 77-78 1-94.x.10° C 

Energy stored in the capacitors before connection, 


U=5q Vin +509? 


= 77-78 V 


= 5X2 107 8 x (100)? + +5 x 2:5 x 10-8 x (60)2 


= 1-45 x 107 J 
Energy stored in the capacitors after connection, 


U’= =5CN?= 5 xt 5x 1078 x (77-78)? 


= ad x10“ J 
When capacitors are connected in parallel : 
. 1 
Here, 5 (C, + C5) x (3000)? = 45 
or Co Acie 0° ..(i) 
When capacitors are connected in series : 


C, Co 2 
— x (3000) = 4-05 
Now, (SS al ( ) 


or ers 2 \x (3000)? = 4-05 
2\ 10 


or C, C,=9 x 10-2 ii) 


50. 


Si 


B2s 
53. 
54. 
55. 


C)=9x« 10°F = 9 uF 
and C,=10°F=1yF 
Here, C, =7 wE, V=10V 
Uy=5 V=5 7x 10° x (10)-? = 3.5 x 104J 
Now, C,=3y4E V=10V 

Ms Ur=5C V2 = =x 3%10"§ x (10)? = 1-510" J 


Therefore, change in energy stored, 
U=U,-U,=35x10+-15 x 104 
= 2-0 x 10+ J (decrease) 


The energy is lost as heat and electromagnetic radiation. 
Here,C, =6 uF; V,=150V 


Now, U; = 4 Cy Win => a x 6 x 10-6 x (150)? =6:75x 10-2J 
2 2 


On connecting the two capacitors : 
Let C, be capacitance of the other capacitor. 
Total capacitance, C = C, + C, =6 x 10° +C, 
Total charge, q = q, + qg =C, V, +0 
=6x 10x 150 =9'x 104 C 
Therefore, common potential, 
of 2 OR IOS 
G*96X107°¥C, 
Since common potential is 90 V, we have 
ox 1000s 
6x10 ec. 
Total energy stored in the system, 


U=5C V2 = 5 (6x10 + 4X 107) x (90)? 


= 4.05 x 10-7 J 
Therefore, loss of energy on connecting the two capacitors, 
U, -U = 6-75 x 10° - 4-05 x 10°? = 2.7 x 10°? 
= 0-027 J 
Proceed as in solved problem no. 5.27. 
Proceed as in solved problem no. 5.27. 
Proceed as in solved problem no, 5.27. 
Here, C,'= 25 uF = 25 x 10° F ; C, = 100 pF = 100 x 10°F 
When capacitors are connected in series : 
yey Cp 25x 107° x 190x 10-© 

*"Gi+C, 25x 10° + 100x10-° 
When connected to 120 V battery, charge on the two 
capacitors, 

9p= Gg CV = 20-x 104 x 120= 2-4 x 10°C 
On connecting the capacitors in parallel : 
Total charge, q = 4, + 4p = 2-4 x 10% + 2-4 x 103 
=4:8x 10°C 
Total capacitance, CG =C,+C, =25 x 10-6 + 100 x 10-6 
= 125 x 10°F 

(a) Potential difference between the plates of each 
capacitor, . | 


=90 or C,=4x10°F=4yF 


=20x10°°F 


4°8x10~° 
(== 38-4 V 
Cp 125x 10 
(b) Energy stored in the series combination, 


u=5¢, V2 = x 20% 1076 x (120)? =0- 144] 


) ) 


56. 


57. 


58. 


59. 


U'=5C, V2= +x 125x 10-© x (38- 4)* =0-092J 
Therefore, energy lost in the process, 

U-U’' = 0-144 — 0-092 = 0-052 J 
U=] CV? = 5x 2x 107% x (200) = 0-04 J 
On inserting dielectric : 

C'2KCH26%2 x 19*=4540 °F 

U'= 5 CV? = 5 x 4x 107 x (200)? = 0-08 J 
Now, q = C V=20 x 10 x 220 = 4-4 x 10° C 

5 

Also, U=— CV? => x 20x 10~® x (220)? = 0-484 J 
On inserting dielectric : 

C’=KC =59e 20 «10 etl x 10> C 

a —3 
4. 4 AKI aga 
Cre terxto 


and U'=5CV2=5x 1-110? x (4? 


= 8-8 x 103 J 
Let A be area of each plate andd be distance between them. 
Then, 


Co .--(1) 


On introducing dielectric slab : 
Let K be dielectric constant of the slab and d’, the distance 
between the plates. Then, 
Eo A An 
C=—+!__\!! a 
d’—t(1—1/K) ny 
From equations (i) and (ii), we have 


a'-t(1-2)=4 
K 


Here, d’=d+3-2x10°m and t=4mm=4x10°m 


d+3-2x 103-4 x 10° fre) =d 


—3 
K 4x10 

or “K=5 
Before inserting dielectric slab : 

eyo A &9 AV 

C Se ss he = 
ay ene tg 
_ fo AV mR 
or 5x10? 4G 
After inserting dielectric slab : 
, £9 A er & AV 
=S , => Cc Vv | a ee aS San 
deat 1/e) a d—t(1—1/K) 
Ey AV Pe 

ee oan ot ee . =3 .-(ii) 

5x10 ~-2x10 ~ (1-1/K) 

js B25 

Now, 9 = 100 q 
Using equations (7) and (ii), we have 

Eo AV me 125 x Eo AV 


5x10-°—2x10-(1-1/K) 100 5x10° 


1 
or _5x10°-2x 10° (1-4) =4x10°% 
or Ks= 2 
¢ f 


61. 


62. 
63. 


64. 


65. | 


le : 


~12 Pee Ee a oe 
‘ x X6X 
Cae ag 854 x 10 ws 10 =17-7x107 2B 
d 3x10 
q=C V=17-7 x 10°}? x 200 = 3-54 x 10° C 
Now, proceed as in solved problem no. 5.28. 


The capacitance of capacitor on introducing dielectric s| 
C=5x2=10y"F 
qg=C V=10%10%x 100 = 104.C 
On removing the dielectric slab : 
(a) The capacitance of capacitor, C = 2 pF 
Pb 10-3 
c, “pazag® 
(b) Initial energy stored in the capacitor, 


U= CV? =x 10%10"§ x (100)? = 0-05] 


Final energy stored in the capacitor, 


= 500 V 


U'= 5 C'V2= 5x 2x 107 x (500)? = 0:25) 
Therefore, work done to remove the dielectric slab, 
W =U’ -U=0-25 - 0-05 = 0-2 J 
Proceed as in solved problem no. 5.30. 
Let r be radius of the metal sphere. 


1 q 6 = 
eRe -t=3x10°V 
ere dr 4m & 1 ee 
and =» 4. Segoe 
40 & 
Vv 3x10° 
Now, r= == = 
. E 3x10° 
dyno auth th > 1. 1x(3x105 
dU=—CV*=—x (4m €) r)X V2 = — x —— 
ix thud eat ee 2° 9x10? 
= 500J 


The given arrangement is equivalent to the para 
combination of three capacitors C,, C, and C3. The p! 
area of each of the three capacitors is A/3, while the p! 
separations in the three capacitors are d,d+ band d+ 
respectively. 
; ore ATS _ & A/3 “9 A/. 
wT 7 dy Sige! Bde ot ent 
Hence, equivalent capacitance of the arrangement, 
C=C, +O,4+C, 
On substituting for C,, C, and C3, it can be obtained t 


" _ &) AGd?+6bd+2b’) 
3d(d+b)(d+2b) 


The system of three plates is equivalent to the se1 
combination of two capacitors C, and C,. It follows t 


cru fateh ata cr tocad 
1 ) 
The equivalent capacitance is given by 
LVMt Le eae rn dy 
(e Cy Cy Eg €1 A Eo Eo A 
_ 1 dy €7 + dy €] 
fo A £1 £2 
can by Eo £4 Eo A 


‘date +d, &4 


} 
t 


and C,, such that C, is parallel to the series Stombination™ 


of C, and C,. 
Now, APS OE Le BUS fe 
d 2d 
C _& Ky, A/2_ ee) K,A 
Z d/2 d 
and ae _ £0 K3A/2 _ €9 K3 A 
d/2 d 
The equivalent capacitance is given by 
Cy C3 
C=C, +——- 
Gots 


2d OMA dss, K Aya 
fA, £9 Ky K3 A _ oA LSM Ky Kg 
2d "eka ep 2 K,+K; 
Here K, =4-K,=6;K,=2,A=1em*= 104+ m? 
and d=2mm=2x10°m 
8-854x 1012x1074 4 6x2 
2x 107° pee) 
= 1.55 x 10°12 F=1-55 pF 


C= 


Chapter 1. Coulomb’s Law 

O Frictional electricity. Electricity developed on bodies, when they are rubbed against each other. 

The bodies get charged due to transfer of electrons from one body to the other. 

O Smallest amount of charge. Charge (e) on an electron or a proton (e= + 1-6 x 1071? C) 

O Additive nature of charge. The total charge of a system is equal to the algebraic sum of all individual charges of the si 

O Quantization of charge. Charge (q) on a body is always integral multiple of e i.e.q =+ne. 

This fact is also known as discrete nature of charge. 

0 Conservation of charge. Net charge on an isolated system always remains constant. In other words, charge can neith 
created nor destroyed. 

O Coulomb’s law in electrostatics. Two electrical charges always attract or repel each other with a force which is dir 
proportional to the product of the charges and inversely proportional to the square of the distance between them. 


1 
Mathematical form : 1. In vacuum (or air), F =———_- ie 
4 MA Eo | 
_ Here, €, = 8:854 x 10-1? C? N-! m? is absolute permittivity of vacuum. 


do 1 ee 
Here, K is called dielectric constant. It is also called relative permittivity (€,) of the medium. 
O Coulomb’s law in vector form. 1. Force on charge q, due to q, , 
= 1. tes Pon Ava 
= * No = = r- 
Pa” 4a & 2 @ Ane 


2. In a dielectric medium, F = 


A a 
Here, r is distance between the two charges, 72 is unit vector and 42 =r ni is the vector from charge q, to qp. 


> 9 
2. If charges q, and q, are located at the points, whose position vectors are 7 and ry , then 


1 
nS out MED SED 


~ Ane, me ete 
0 In —nP 


73> 3G 
ah Shy 


O Unit of charge. It is coulomb (C) in SI. 

One coulomb is that charge, which will repel an equal and similar charge with a force of 9 x 109 N, when placed at a distan 
1 m from it in vacuum (or air). 

O Dielectric constant. The dielectric constant of a medium is the ratio of the force between two charges placed at a certain dist 
apart in vacuum (or air) to the force between the same two charges placed at the same distance apart in that medium. 

0 Principle of superposition. When a number of charges are interacting, the total force on a particular charge is equal t. 
vector sum of the forces exerted on it by all other charges. 


Some Useful Facts : 

1. The charges developed on the bodies during the process of rubbing are due to the transfer of electrons from one. 
to the other. 

2. Coulomb’s law in electrostatics holds only for stationary and point charges. 

3. When the same two charges located in air are placed in a dielectric medium without altering the distance betw 
them, electrostatic force always decreases. 

4. A system of charge is said to be in equilibrium, if the net force experienced by each charge of the system is zer¢ 

5. Electrostatic force between two charges is not altered due to the presence of a third charge in their vicinity. 


Chapter 2. Electric Field 
O Electric field. The space around an electric charge, in which its effect can be experienced. 
Quantitatively : Electric field at a point is equal to the force per unit test charge acting on a vanishingly small positive test ch 


placed at that point. ; 


a 7 Py 


Mathematically sie = Lt ; ra , where qp is vanishingly small test charge. 
40 > 0 

Unit. In SI, the unit of electric field is newton coulomb=! (N C-}). 

It is also expressed as volt metre (V m~}). 


0 Electric field due to a point charge. E = $ sein 4 where r is distance of the observation point from the source 
oll 


DO Electric dipole. A system of two equal and opposite charges separated by a certain distance. 
D Electric dipole moment. The product of the magnitude of either charge and the length of the electric dipole. 


> > 
Mathematically : p =q(2 a) 
~ 
Here, 2 a is length of the electric dipole and is a vector from charge — q to + q constituting the dipole. 
Unit. Its unit in Sl is coulomb metre (C m). 
D Electric field on axial line of the electric dipole. 1. At the point at a distance r from the centre of the electric dipole, 
1 2pr 
47 € (r2 — az) 


I 2.08 
O Electric field on equitorial line of the electric dipole. 1. At the point at a distance r from the centre of the electric 
le, 
—> e 1 : p 


2. For dipole of small length (2a<<r),E= 


LES i 
TT Eq aa 
O Electric field due to a circular loop of charge. 1. For a circular loop of radius a and total charge q, the electric field at 
doint on its axis at a distance x from its centre, 
2S as Ea 
Ane) (a2 +x2)3/2 
2. When the distance of observation point is very large (x >> a), then 
Bag 
4n Eo x? 
3. At the centre of the circular loop of charge, E = 0 
O Torque on an electric dipole placed in a uniform electric field. 


2. For dipole of small length(2a<<r),E= 


=i? — 
1. For an electric dipole of dipole moment P placed in electric field E , 
é a i io 

T=pXE 
2. If 8 is angle between the directions of p p and B; then 

t=pEsin@ 
O Potential energy of an electric dipole in a uniform electric field. 
1. If the electric dipole is rotated from initial orientation making angle @, with the electric field to the final orientation 
ing angle 6, with the field, then 

U=pE (cos 6, — cos 6) 

2. If the electric dipole is rotated from its initial orientation perpendicular to the field to the final orientation so as to 
e an angle 6 with the field, then 


U-pEcos@0=-— ne B 
O Electric line of force. It is the path straight or curved, such that tangent to it at any point gives the direction of electric field 
at point. 


re Useful Facts : 

1. The test charge used to measure electric field at a point has to be vanishingly small. If the test charge is not vanishingly 
ll, then the test charge may bring about a change in the electric field at the observation point. 

For this, one is advised to understand the difference between the statement “the force experienced by a unit positive test 
ge’ and ‘the force experienced per unit positive test charge.’ A unit positive charge is quite large and if it is used as the test 
ge, it will cause a change in the value of electric field at the observation point. 


2. The unit of electric dipole moment is C m and not mC. It is because, mC is used as millicoulomb. 
H 


3. The direction of electric field at a poini on the axial line of an electric dipole is same as that of P . 


4. The direction of electric field at a point on equitorial line of an electric c dipole is Bprostte' to that of m 

5. For the observation point at very large distance from the charged circular loop (x > > a), the loop behaves as a pi 
charge. 

6. No torque acts on a dipole, when it is aligned along the direction of electric field. 

7. The electrostatic potential energy of the dipole is maximum, when itis aligned antiparallel to the direction of the elec 
field. 

8. The electric lines of force do not exist but what they represent is a reality. 

It gives the path along which positive test charge would move, when free to do so. 

In a uniform electric field, the lines of force are parallel lines. The electric lines of force crowd near each other in regi 
of strong electric field. The relative closeness of the lines of force at different points in the electric field gives an estimat 
the strength of the electric field at these points. 


Chapter 3. Electric Potential 
O Electric potential difference. The electric potential difference between two points in an electric field is defined as the amc 
of work done per unit positive test charge in moving the test charge from one point to the other against the electrostatic force due tc 
field. 
Mathematically : If W ,p is work done in moving a small positive test charge 4, from point A to B in the electrost 
field of charge q, then potential difference between points A and B, 


40 4 Eq 4 

Here, r, and rp are distances of points A and B from the source charge q. 

Unit. Its unit in SI is volt (V) 

1 volt (V) = 1 joule coulomb! (J C4) 

O Electric potential. The electric potential at a point in an electric field is defined as the amount of work done per unit pos 
test charge in moving the test charge from infinity to that point against the electrostatic force due to the field. 

Mathematically : If W,, , is work done in moving a small positive test charge from infinity to point A in the electrost 
field of charge q, then potential at point A, 
 Wokt oer kr aff 

ry ANE, fr 

Here, r is the distance of the point A from the source charge q. 

Unit. Its unit is also volt. 1V=1Js4 

0 Electric potential due to group of charges. The electric potential at a point due to a group of charges is equal to 
algebraic sum of the electric potentials due to individual charges at that point. It is because of the reason that electric poter 


is a scalar quantity. 
n 
Vee Melk 2, 1 Oe 
Am Caste Ty - 3% 1, 4M Eq + rl 
= 


O Potential gradient. The rate of change of potential with distance at a point is called potential gradient at that point. 
The electric field at a point is equal to negative potential gradient at that point. 
Mathematically : E=— = 
m 
Unit. Its unit in SI is volt metre (V m7). 
O Equipotential surface. The surface at every point of which, the electric ages ns is same, is called equipotential surface. 
Two equipotential surfaces never intersect each other. 
C Electrostatic potential energy of a system of charges. It is defined as the work done to put the charges constitutins 
system at their respective locations after having been removed to infinity. 
Mathematically : 1. Potential energy of the system of two charges q, and qp, 
dy aa oy 
2. Potential energy of the system of three charges 4j, 45 snd Gx 


te (ae 243 , 931 


Ms 


An Eq 2 193 134 
where 145, T73 and rz, have their usual meanings. 
Unit. Its unit in SI is joule (J ) or electron volt (eV). 
LeV =1-6x107!9J 


4 


seful Facts 


1. The work done in moving a test charge between two points in an electric field is independent of the path followed 
veen the two points. 


2. The work done in moving a test charge over a closed path in an electric field is always zero. 

The above two results hold for the reason that electrostatic force between two charges obeys inverse law 2.e. electrostatic 
1 is inverse square field. 

3. The work done per unit positive test charge from a point A to point B is equal to Vp—V, i.e. potential difference between 
points B and A (and not between points A and B). 


4, Electric potential at any point inside a charged conductor is always equal to that at a point on its\surface i.e. it is same 
stant) every where. 


As a result of it, the electric field inside a charged conductor is zero. 
5. For a point outside the charged spherical conductor, the whole charge appears to be concentrated at its centre. 


6. The electrostatic potential increases steadily as one moves against the direction of electric field and it decreases in 
direction of electric field. 


The above result is a consequence of negative sign in the relation : E =— - 
r 
7. The electric field is always at right angle to the equipotential surface. 


8. No work is done in moving a test charge between two points on an equipotential surface. 
9. If work has to be done in moving one of the charges of a system from one point to some other, then electrostatic potential 
rgy of the system increases by an amount equal to the work done in moving the charge. 


Chapter 4. Gauss’s Theorem 


O Electric flux. The electric flux through a small surface is defined as the electric lines of force passing through that area, when 
normally to the lines of force. 


> 5S 
Mathematically :¢=E.AS, 


— 5 
re Eis the electric field and AS is the area vector representing the elementary surface area. 
Unit. In SI, unit of electric flux is newton metre? coulomb™! (N m? C-). 


O) Gauss’s theorem. It states that the total outward electric flux through a closed surface is ahi times the charge enclosed by the 
£9 
d surface. 
Mathematically: fr E. iS= = dhe 
Eq 
re q is charge enclosed by the closed surface. 
O Gaussian surface. Any closed surface around the charge distribution (may bea point charge, a line charge, a surface charge or 


lume charge) so that Gauss’s theorem can be conveniently applied to find electrical field due to it is called the gaussian surface. 
O Electric field due to infinitely long straight wire of linear charge density A : 


"On Ey 7 
sre r is perpendicular distance of the observation point from the wire. 
O Electric field between two infinite thin plane parallel sheets of charge density o and-o: 


coed 
£9 
O Electric field due to infinite thin plane sheet of charge density o : 
o 
hob Eo 
O Electric field due to spherical shell of charge density o and radius R: 
1 t 
res Eo aa forr>R (outside the shell) 
i—(0p forr<R (inside the shell) 
1 4 
hss Ey : R2’ forr>R (at the surface) 
Here, g=4n R20 
0 Electric field due to a solid sphere of charge density p and radius R : 
heriwi 


EUnet hy forr>R (outside the sphere) 


1 “qr 


Ane Ro’ forr<R (inside the sphere) 
Be at tiles forr=R (at the surface) 
4m€& R 
4 
Here, q= 3 mR? p 


Some Useful Facts : 


1. The total electrical flux through a closed surface is not affected by the charge present outside the surface. It depen 
only upon the charges enclosed by the closed surface. The electric flux through a small portion of the closed surface is affect 
by the charges present outside the surface. 

2. The electric flux through a small portion of the closed surface may change, if the charges inside the closed surfé 
are moved to the new positions. 

3. The total electric flux through a closed surface is not affected, if the charges inside the closed surface are moved 
new positions. 

4. For both the spherical shell and the sphere, electric field at a point outside is same as if the charge is concentrated 
their centre. 

5. Inside a spherical shell, electric potential is zero. It is zero inside a sphere also, provided sphere is conducting. 


Chapter 5. Capacitors 


O Behaviour of a charged conductor. 1. Charges reside only at the surface of the charged conductor. 
2. The electric potential is constant at the surface and inside the conductor. 
3. The electric field is zero inside the conductor and just outside it, the electric field is normal to the surface. 
0 Electrical capacitance. The ability of a conductor to store charge is called its electrical capacitance. 
Mathematically : C =f 
Unit. Its unit in SI is farad (F). 

1 farad (F) = 1 coulomb volt= (C V-1) 
O Capacitance of a spherical conductor. C = 4 2 & r 
Here, r is radius (in metre) of the spherical conductor. 
O Capacitor. An arrangement for storing a very large amount of charge. 
Principle. The capacitance of a conductor gets increased greatly, when an earth connected conductor is placed near 


O Parallel plate capacitor. C= Poe (when air is between the plates) 
€)9 KA mat 
C= eee 2 (when dielectric is between the plates) 


Here, A is area of each plate and d is separation between the two plates. 


O Spherical capacitor. C = 4 7 € 
—4 


Here, a and b are the radii of inner and outer coatings (spherical shells) of the spherical capacitor. 
I 


O Cylindrical capacitor. C=2 7 € : ae 20 €. ar Segesrags 
log. = 2-303 logi9 — 
a 
Here, a and b are the radii of the inner and outer coatings (cylindrical shells) and ! is the length of the either coating 
the cylindrical capacitor. 


Dual viel 1 if 1 
@ Gers Gov Ge 

0 Capacitors in parallel. C=C, +C,+C, 

CO Energy stored in a capacitor. Work done in charging a capacitor gets stored in the capacitor in the form of its electrosta 
potential energy. 


0 Capacitors in series. 


2 
Me peicalln: Us= Rs CVv2= LU —qV= hg® 
2 2 fagy 
Oo Polar atom. The atom (or molecule) in which the positive and negative charges possess asymmetric charge distribution abc 
its centre. 
O Polarisation. The stretching of the atoms of a dielectric slab(displacement of the charges in the atoms) under the action of 


applied electric field. 


Due to polarisation, equal and opposite induced charges are developed on the two faces of the slab and an electric field 
alled electric field due to polarisation is produced. It opposes the applied electric field (E,). As a result, due to the 
risation of the dielectric, the strength of the electric field gets reduced inside it. 
The reduced value of electric field in a polarised dielectric is given by 
E-E,=E, 
O Polarisation density. The induced dipole moment developed per unit volume in a dielectric slab on placing it inside the electric 
is called polarisation density. 
O Dielectric constant. The ratio of the strength of applied electric field to the strength of reduced value of electric field on inserting 
electric slab between the plates of a capacitor is called the dielectric constant of the slab. 
OD Dielectric strength. The maximum value of electric field (or potential gradient) that can be applied to the dielectric without its 
ic breakdown is called dielectric strength of the dielectric. 
Unit. Its unit in Sl is V m™ (same as that of electric field). 
OD Effect of dielectric slab on the capacitance of a parallel plate capacitor. 
1. When a dielectric slab of dielectric constant K and thickness t (t < < d) is introduced between the plates, then 
{ fg A 
d-—t(1-1/K) 
2. When a conducting slab of thickness t (t < d) is introduced, then 
WWDS eG A 
d(1-t/d) 
O Principle of Van de Graaff generator. Electric discharge takes place in air or gases easily at pointed conductors and that a 
w conductor continues accepting charge through its inner surface irrespective of the fact, howsoever large its potential may grow. 
0 Atmospheric electricity. 1. Earth has an electric field of about 100 V m~! at its surface in downward direction. 
2. The surface of earth has a negative surface charge density of about 10-? C m~. 
3. Atmosphere has a slight conductivity up to 50 km. Due t« this, about + 1800 C of charge is pumped every second 
the earth. The earth does not get discharged, as an equal amount of negative charge is continuously pumped into earth 
(0 thunder storms and lightning occurring over the earth. 
4. Beyond 50 km, the atmosphere is a good conductor. 
ne Useful Facts : 


1. The capacitors are connected in parallel to increase the capacitance. 

2. The capacitors are connected in series to decrease the capacitance. 

3. When a dielectric slab of dielectric osnstant K is introduced between the plates of a charged air-capacitor (battery 
mnected after charging), then 

(a) capacitance increases by a factor K. 

(b) potential difference decreases by a factor K. 

(c) charge on tl:e capacitor remains unaffected. 

(d) electrostatic potential energy stored in the capacitor decreases by a factor K. 

4. When a dielectric slab of dielectric constant K is introduced between the plates of an air capacitor (battery remains 
connected across the capacitor), then 

(a) capacitance of the capacitor increases by a factor K. 

(b) potential difference across capacitor remains unaffected. 

(c) charge on the capacitor increases by a factor K. 

(d) electrostatic potential energy stored in the capacitor increases by a factor K. 

5. The dielectric slab can be removed from the space between the plates of a charged capacitor only by performing work. 
ever, the work done appears as increase in the potential energy of the capacitor. 

6. When the space between the two plates of a capacitor is filled with two dielectric slabs, then the two parts of the capacitor 
be looked upon as the combination of two capacitors. 

The capacitor behaves as a parallel combination of the two subcapacitors, if each slab is of thickness equal to separation 
: the other hand, it behaves as a series combination of the two subcapacitors, if the total thickness of the two slabs put 
her is equal to d. 


complet 1. Coulomb’s Law 


Problem 1.01. Two equally charged identical metal _ then placed at the mid point between A and B. What is the 
res A and B repel each other with a force 20x 10°°N. _ net electric force on C ? (Roorkee, 1981) 
‘her identical uncharged sphere C is touched to A and Sol. Consider that two identical spheres A and B each 

having charge q are placed at a distance r apart as shown in 


shall a ion tas wat 
Ou 


2:0 x 10 N. 
eed ail 

A B 
ee 

Fig. 1.01. 

x 

Now, r= 4 "3 _ 
4 A Eo fT 
Zi 
——-£22-0x10 ...(i) 


When an identical uncharged sphere C is touched to A, 
both will share the charge on A equally i.e. each of the spheres 
Aand C will possess charge q/2. The sphere C placed at the 
mid point between A and B experiences forces F., (due to 
sphere A) and F-.p(due to sphere B) in the directions as shown 


in Fig 1.02. 
FE 
A Fon C Fea B 
~-——— 112 -—-—— >|-—-——- r2-———— >| 
Fig. 1.02. 
Now Fie 4/2 Ries 
4m€y (r/2) 
1 q” 
Par ya Eo : Lon (along CB) 
and Fop= : ‘Me 
Am€& (r/2)? 
ay Fe 
vise Ey ‘ woos, (along CA) 
Since Fo, > > Fe, , the resultant force on the sphere C 
is given by 
F’=Fop-Foa 
woe ho, 2 Gite slid ee 
hit &y r2 “Ane, r2 
1 q° 
ie Ey : ap (along CA) 
Using equation (i), we have 
F’=2:0x 105N (along CA) 


Problem 1.02. Two identical charged spheres are 
suspended by strings of equal lengths. The strings make 
an angle 30° with each other. When suspended in a liquid 
of density 800 kg m~, the angle remains the same. What is 
the dielectric constant of the liquid ? The density of the 
material of the sphere is 1600 kg m-°. 

(Roorkee, 1988 ; L.1.T. 1976) 

Sol. The two spheres A and B each of weight W and 
each carrying charge g, when suspended by strings of equal 
lengths, come to rest so that the strings make an angle of 30° 
with each other. Therefore, each string will make an angle of 


Fig. 1.01. The two spheres repel each other with a force of 


15° with the-vertical [Fig 1.03]. 
Ss 


bl ie 


Fig. 1.03 

Following forces act on a charged sphere : 

(i) Weight W acting vertically downwards. 

(ii) Tension T in the string along AS. 

(iii) Electrostatic force F on one sphere due to the oth 

As the sphere A is in equilibrium, the three forces W 
and T acting on it, can be represented by the the three sic 
SO, OA and AS respectively of the triangle AOS. Therefc 


ia dre 
SO__OA AS 
Here, density of the material of the sphere, 
p = 1600 kg m™ 


If V is volume of the sphere, then 
W=Vpg=Vx 1600 x 9-8N 


2 
1 
Also, = vind 5) 
4 €) (AB) 
From equation (i), we have 
F=Wx ie 
SO 
1 qr 


or z 7 = VX 1600 x 9-8 tan 15° 
4 € (AB) 

When spheres are suspended in a liquid. Suppose the t 
spheres are suspended in a liquid of dielectric constant K 
shown in Fig. 1.04. The weight of the sphere decreases to 
(say) due to upthrust and electrostatic force between | 
spheres decreases to F’ (say) due to liquid as the dielect 
medium. However, the angle between the two strings rema 
the same. 


Fig. 1.04 
The electrostatic force between the two spheres, 
2 
1 
’ q 


~ 4€)K AB 


The apparent sceiehe of the phe! (i) Weight m g acting vertically downwards. 


W’ = W- upthrust (ii) Tension T in the string along AS. 
If o is density of the liquid, then (iii) Electrostatic force F, which is resultant of the forces, 
W’=Vpg-Vog=V(p-o)g F,ap and Fac acting on it A due to particles B and C 
Since density of the liquid, o = 800 kg m~%, we have respectively. 
W’ = V x (1600 — 800) x 9-8 Now, AB = AC =3cm=03m 
= V x 800 x 9-8 ‘tal q? 
As the sphere is in equilibrium, the three forces <$E Therefore, Fag = Fac gO y 
ian W prime by the three sides SO, AO and AS eis 
ectively of the triangle AOS. Therefore, ud S529 G9) q 
Pear cee etc 
SO OA AS ~ 1913 q? 
From the above equation, we have The forces F ap and F ac are inclined at 60°. Therefore, 
Fewxe Fa @qp?t Pac? +2 Fag Fac cos 60°)!/2 
2 13 22 13°22 13 -2 [1/2 
or gE = Vx.800 9-8 tam 15° Gi ne (10 gq) +Q0™ go) +2x10™ q 
M€q K (AB) ‘ x10 q?x0-5 
Dividing the equation (ii) by (iii), we have : Gee ove 
=X 1600%.9:8 x tan 15° _ _=10% 4? J1+1+1 
~ Vx800x.9;8 tan 15° = 13 x10! q? selene OA) 


Problem 1.03. Three particles.each of mass 1,g and 
ying a charge q are suspended from acommon point by 3 > 
lated massless strings, each 100 cm long. If the particles _mg= 10x 10=107N (vertically downwards) 
in equilibrium and are located at.the corners of an Since. the particle A is in equilibrium, the forces F, m g 
ilateral triangle of sides of length 3 om, calculate:the | and <i acting on the particle A can be represented respectively 
‘ge q on each particle, Take g = 10.m s# (LLT,1988) «by. the. sides OA, SO and AS ef the ‘triangle OAS. Therefore, 


2B dl as 


Since m= 1g = 103 kg and fe 10 m s2 


A BERL eee BERR SESS OA $0 aa 
1. Each particle is under the.action of three, forces OA 
namely its weight, tension in the.string and the pr Bam SSO = att g tan 0, (i) 
resultant electrostatic force on it due to.the.other two where 0 is the angle the string AS makes with the vertical. 
particles. : 


To find tan 0: For the sake of clarity ; in Fig. 1.06, the 


2. For-the three particles to be in equilibrium, the net equilateral A ‘ABC of Fig. i 05 has’ been reproduce di: 
force on each particle should be zero. ' 


Sol. Three particles each of mass 1 g cand charge q.are 
»ended from point S withthe help of three threads SA, SB 
SC each of length 100.cm. In equilibrium, the. three 
ges are located at the corners of an equilateral triangle 
of sides of length 3 cm as.shown in Fig. 1.05. 
Ss 


Fig. 1.06 
. Obviously,  OAQ = 30° and from right angled triangle 
AQO, we have 
4 AB 
cos 30° = ae! ae 
AO . AO 
or AO = aa = = /3cm 


2cos 30° 2 ap Bi 2 
Since AO < < SO, the angle @ is also very small and 


therefore 
Fig. 1.05. "8 san Gin pes | 
e AS 100 
The point O is vertically below the point of suspension Substituting for F, mg and tan 0 in equation (i), we have 
id is centroid of the triangle ABC. B 
Consider the particle A. It is under the effect of the V3 x 103 q* =1077 ae 


»wing three forces : 


or Gos 0 SAO ens 

or q = 3-162. x 10-9 C 

Problem 1.04. A small ball of mass 2 x 10-3 kg having 
a charge of 1 uC is suspended by a string of length 0-8 m. 
Another identical ball having the same charge is kept at the 
point of suspension. Determine the minimum horizontal 
velocity, which should be imparted to the lower ball so that 


it can make complete revolution. (L.1.T. 2001) 


Thought eae ee ce ee 


was EC apna 

Suppose that the charged ball A is imparted horiz« 
velocity v; at the lowest point A, so that it can just n 
complete revolution [Fig. 1.07]. It requires that tension it 
string at the highest point is zero. 

At the highest point B : Let v2 be velocity of the b 
the highest point. The required centripetal force 7 
provided by the resultant of weight (m g) of the susper 
ball and the electrostatic repulsion (F,)between the 


1. The suspended charged ball will be just able to saa tia oh 2 

complete the revolution, if the necessary centripetal dh Bayt mg—-F, or ie Pa; mgr ne 
force required at the highest point of the vertical circular I 40 & 
path is provided by resultant of its weight and 2 ay pO 1 Hn? 

-electrostatic repulsion.between.the tio charged balls. M8 U2 38, 4m€) ml 

2. When the suspended charged ball goes from lowest 9x10? x10~° x 107° 

to the highest point, electrostatic potential energy de QUE Se VE ae cee ee a 
remains the same: Therefore,;t increase in yravitational . 2x10° x oe 


potential energy: eh the ball is kd to decrease in its 
kinetic energy. MER rr DEN eae 


= 7-84 — 5.625 = 2-215 m? 
When the suspended ball goes Pee Bey to B: 
Increase in gravitational. potential energy 
=mgx 21=2 x10 x 9.8 x 2 x 0-8 = 31:36 x 10 


Decrease in kinetic energy 
rotit Derg Dae rps. 
= mv," -— mv. = =m - 
BaP Aly rat VT (vy° — 09°) 


1 _ 
2) oF PREX IO. 3 (y,? — 2-215) 


_. From conservation. of mechanical energy, 


1 ab oe 
fF) aon * (vy? — 2-215) = 31:36 x 10 3 
Splicey, 2X 31:36 X1073 
AG, ; or vy? = 942.215 
4 ; ‘ ; 2 x 10 (aa, PLR \ 
, Fig: 1.07. ~: ho nara a 
Sol. Here, 4, =42= WC= 10-6 Cjl=0-8mim =24108kg 4.) SFY Rebreu norte aa 
eee Chapter 2. Electric. field. : yagth) ok 
Problem 2.01. Fone tiakgen Ob 44 -~3, +2and+3 ety ay s ne mie sense 
coulomb are placed at the:corners of a square of each side Teh. bi no net, ORAS a coe 
1 m. Find the electric field at the a = the eat et Anas ne ? se 
Given, ¢, = 8-85 x 10712 C2 NA m=? ANS name, © de x 885X102 
(I.S.M. Dhanbad, 1989) ©") 3. ee ae 
Sol. Fig. 2.01’ shows the four charges A,B, Cand D ofa Gir no SIN CS NO 
square of each side 1 m. The electric field at the centre O of Now, E,-== Ass 4A 9x10? sve 
the square will be in the directions as shown. A 4ne 2 (1/ V2)? 
Let AO = BO=CO=DO=r.__ ; =72x109N (along OC) 
9p=+8C 4m 2 Yco=t2C nee eee ee 9 3 
c Ep nice Pe ia 
Ain eg |r (1/ V2) 
= 54x 109N (along OB) 
40E) oF (1/ V2) 
= 36 x 10°N (along OA) 
1 9D FAG 
Bn er eee 
Di 4.6 )0he2 (1/2)? 
= 54x 109N (along OB) 


Since E, > Ec, the resultant E, and E; acts along OC and 
iven by 
E, = E, -Ec = 72 x 10? - 36 x 10° 
= 36 x 10?N 
The resultant of E, and Ej is given by 
E, = Ep + Ep = 54 x 10? + 54 x 10? = 108 x 10°N 
' (along OB) 
The two electric fields E, and E, have been separately 
wn in Fig. 2.02. -. 
The two fields are niclined at Gis 90°. Thetesoxe: their 
altant is given by 


B= E,2 +E,” | 
= (36 x 109)? +(108 x 10°)2 


(along OC) 


_Fig. 2.02. 


=3610° /1+9 =1-138 x 10%NC14 
Suppose that the resultant electric field E makes an angle 
ith theline OB. Then, | gee 
E; _ 36x10" 
Ep, 108 x 109” 
or B = 18-43 (with OB)’: 


tan B = 0-333 


Problem 2.02. A: point particle of:mass M is attached _ 


me end of a massless rigid non conducting rod of length 
\nother point particle of the same mass is attached to the 
er end of the rod. The two particles carry charges + q and 
respectively. This arrangement is held in the region of 


form electric field E, such that the rod makes a small : Mp oe 


rle 0 (say about 5°) with the field direction [Fig. 2.03]. 
d an expression for the minimum time needed for the 
| to become parallel to the field after it is set free. 

(L.L.T. 1989) 


"Fig. 2.03 
nana trang 
1. The two equal and opposite charges at se two ends 


: of the rod form an electric dipole. 
2. The s system executes S.H.M. under the effect of the 


torque due to electric field. 


(along OB) | 


3. Required time = 2x time period of S.H.M. 


Sol. The rod AB carrying two particles of charges q and 
~q at the ends A and B and of mass M each has been placed 
in electric field, such that it makes a small angle 6 with the 
direction of the field. 

The force q E acts on the two particles at points A and B 
along and opposite to the direction of the electric field as 
shows in dpi 2. 04. 


} Fig. 2. 04 
Since the two forces are equal in magnitude and opposite 


in direction, the two forces consitiute a torque. 


The magnitude of torque is given by 
t=qEx BN =qELsind 
ei 6 is small, sin 6 = 6 
tT=qELO 
The torque acting on the system tends to rotate it in the 
electric field. If lis moment of inertia of the system anda, the 
angular acceleration produced, then 
_t =la. 
In equilibrium, 
la=qELé.- 
or a= ue 5 or 
Therefore, the motion executed by the system is S.H.M. 
and its time period is given by 


; Ta20 [o=20i[ 2 
y geeape a Yes HEL 


» Moment of inertia of the system about an axis, which is 
right bisector of the rod AB is given by 


; 2 2 
Ie tel) aoe =5MV 


ay ML 
“GEL 2qE 


The rod becomes sei to the direction of electric field 
. 1% 
after executing one fourth of its one vibrationi.e. in a time | 


7 
Theref sles ‘eine in| ak 
erefore, require © 42 \2gE 


axég 


Chapter 3. Electric Potential 


Problem 3.01. A charge Q is distributed over two 
icentric hollow spheres of radii r and R (when (R > 7), 


such that the surface densities are equal. Find the potential 
at the common centre. (L.L.T. 1981) 


ets a ‘Sol. ‘Fig. 3.01 shows two 
concentric hollow spheres of radii r 
and R, such that R > r. 

A total charge © is distributed 
over the two hollow spheres, so that 
the surface densities of the two 
spheres are equal. If charge q, is 
distributed over the smaller sphere 


and over the larger sphere, then yore 
fa ret ae “~@ Fig. 3.01 
“lf ais thesurface charge density of the two spheres, then 
a eee!  posemmeamaaeel! fs) 
ae A hep Pe3 > 40 R? 
orgy = 420 or’ 9 =42 Ro 


Substituting for q, and q, in equation (7), we have 
4nr-o+42R2o=E 


Nes cyst soon 
4a(r? +R7) 
2 
Q Qr 
= 4ag°7* X —-= = 
it 4a (r2 ao R?) r2 +R2 
Q OR 
a =4nR*x = 
Ane idle Ante? +R2) 12 +R2 


The potential at a point inside the charged sphere i is 
equal to the potential at its surface. 

Therefore, the potential due to the smaller sphere at the 
common centre, ; 

1. Wits Py Qr 

4m& R ANE, Wr +R?) 

Also, the potential due to the larger sphere at the 
common centre, ; , 


V> = Ley A 


Vi is 


OR 


Ane, R de ea Wee +R?) 
Therefore; total asi at the common centre, 
V=EVitV5 
4 EOx7yir ea | OR 
a Sie Se ae ae 
40€) (77+R*) 427 € (r*+R*) 
1 _O+R) 


Am€, (r7+R*) 
Probelm 3.02 Three concentric spherical metal shells 
A, B and C of radii a, b and c (a < b < c)have surface charge 
densities + 0,—o and +o respectively. 
(i) Find the potentials of three shells A , B and C. 
(ii) Ifthe shells A and C are at the same potential, obtain 
the relation between the radiia, b andc. ‘(LL T. 1990) 


Thought OO oe 
1. The potential of any shell is due toits own charge and 
the charge on the other two shells. 

2. In case of a charged metallic spherical shell or a 
sphere, (a) for a point outside the conductor, the charge 
appears to be concentrated at its centre and (b) for all 
the points inside the conductor, the potential is same 
every where and is equal to that at a point on its surface. 


wa 


Sol. Fig 3.02 shows three concentric spherical metal 
shells A, B and C of radii a, b and c (a< b < c). 


Fig. 2 3. 02 
Further, the surface charge densities of the shells A 
and C are + o,— 0 and + o respectively: If q,, 4g and Ic 
charges on the respective Shells, then ~ 


9x =40 070, 35 Ae Ho 
and qo=4202o 
(i) Let V,, Vg and Vo be potential of the shelle A 
and C. 
Potential of shell A: A point on the surface of shell 
lies inside the shells B and C. Therefore, 


Veda dy ges, hyde 


V — 

a AME, @ “Ane, 1b Ane C 
tag 1 4na°o 4abo, 4ac™o 
4&9 a Ob G 

or Va =— a—b Ye 

Amy = ’) 


0 
Potential of shell B: A Senet on shell B lies outside 1 
shell A and inside the shell C. Therefore, 


Vere oda [4A 4 MB 9c | 
Bm eo\. Bo Bare dips 


it ni ted 4na°g 4ab'o , 4ac'o 
Ac eg oO pS abit c 


Potential of shell C: Apoint on shell Clies outside b 
the shells A and B. Therefore, 


Vou 1 (t+ 184%) 
4m&\ Cc c c 


tg 4na'o 4b’ 4ac’o 
é (y Cc 


(ii) If the shells A and C are at the same potential, th 


Mikey, 
m Boy diphety oO : b *s) 
Eg Eo ic 


rie 
or Ur b+ cate “ +c 
le 
or c (x-b) =a2-& 
or c=atb 


Problem 3.03. A drop of water of mass 18 x 10-? falls 
ay from the bottom of charged conducting sphere of 
ius 20 cm, carrying with it a charge of 10-? C and leaving 
the sphere a uniformly distributed charge of 2-5 x 10 C. 
iat is the speed of the drop after it has fallen 30 cm ? 
re) t=9x 10° JmC. (Roorkee, 1985) 

Sol. The drop of water mass m and charge q leaves the 
ducting sphere of charge Q at point A and falls through 
stance of 30 cm up to point B [Fig. 3.03]. The drop acquires 
etic energy at point B at the expense of gravitational 
ential energy and the electrostatic potential energy. Let v 
the speed of the drop on reaching the point B. Since, 
rease in K.E. of drop is equal to decrease in electrostatic 
l ong lata Ties Si Sar we have 


Q=2 5x10 c 


| 


Be 


we--- 


Dy Bud) 
~ 40 €, og a J \emgh 
h=30'emn'= 0:3 m; 
m=18 x 10% g=18 x 10 %kg; 
Q=25.x10-° GF g= 107 C, 
OA = radius of sphere = 20 cm = 0-2 m; 
OB = 20 + 30 =50 cm =0-5m 


5% 18x 107° v2 


Here, 


1 
=9x 10? x 2- 5107x105 clue t-= | 
Neste 0.5 


+18 x 10 x 9-8 x 0-3 
9 x 10-6 v2 
=9 x 2-5 x 10% (5-2) + 18 x 10° x 9-8 x 0.3 
= 67-5 x 10 + 52-92 x 10° 
. + . 7 
ie 1 OLD 92 _ 13-38 
or v =3-66ms! 
Problem 3.04. Three charges of + 0-1 C each are placed 
he vertices of an equilateral triangle of each side 1 m. If 


the energy is supplied at the rate of 1-0 kW, how many hours 
would be required to move one of the charges on to the mid 
point of the line joining the other two ? is 


=9x10? Nm? C2. 


Given, 
UU Eo ry 
(I.S.M. Dhanbad,.1991) 


Thought Process. 
= 


Work done in moving one of the charges on to the mid 
point of the line joining the other two charges is equal 
to the increase in electrostatic potential eneray. of the 
system. 


Sol. Three charges q, and qc, each of 0-1 C are placed 


at the vertices of the equilateral triangle ABC of each side 
1 maaschomnin Hig 3-04 


A 


SW Pils Sed Ge 


Fig. 3.04 
The initial potential energy of the configuration of three 
fet te 
Gre 1 7A , IC, IC AW : 
42 &\ AB BC CA)” 


and AB=BC=CA=1m,we have = 
0-1xX0-1_ 0-1x0-1 0-1X0-1 
U, =9X% 10? | 2 ee 
1 1 1 
=27 x 107J 
Suppose the charge q, is moved from the vertex A to the 
mid point O of the line AB. Then, the final potential energy 
of the configuration of three charges, 


1 9a 9B, 9B 9C , 4B IC 
42g OBy wiOG BC 


2= 


AB 
OLIN E occ pel UE 


0-1x0-1 
0-5 


0:1 0-1" 


0-5 


Uz =9x 10" 
: ( 0-5 
=45 x 107J 
Work done to move the charge g, from point A to O, 
W =U, -U, = 45 x 107 — 27 x 10” = 18 x 107J 
Since energy is supplied at the rate of 1-0 kW i.e. 10° Js“! 
the time required to move the charge q,from point A to O, 
18 x 107 18x 104 _ 
Sa pec wis ces 10* s=$——_— 
10 
Problem 3.05. Three charges each of Walue q are placed 
at the corners of an equilateral triangle. A fourth charge Q 
is placed at the centre of the triangle. 
(i) If Q = - q, will the charges at the corners move 
towards the centre or fly away from it ? 


(ii) For what value of Q, int the charges retain 


stationary ? In this situation, how much work is done in 
removing the charges to infinity ? (LL.T. 1978) 
Sol. (i) Consider that three charges each of value g are 
placed at the corners of an equilat- 
eral triangle ABC of each side of 
length r as shown in Fig. 3.05. 
When the charge Q placed at 
the centre of the triangle is — q, the 
three charges at the corners of the 
triangle experience attractive forces 
due: to the charge — q placed at 
centre: Therefore, all the charges aaa 
will move towards the centre of the > pas LA as 
ig. 3.05. 
triangle. E 


which experiences zero net force due to charges at the corners. 


The charge at each corner experiences an unbalanced force © 


due to the charge at centre. 


(ii) The charge at the centre of'the triangle + will be in | 
equilibrium irrespective of its magnitude and sign. Buta. 


charge at the corner can be in equilibrium only if charge at 
the centre is negative and has a definite magnitude: Suppose 
that when a charge — Q is placed at the centre of the triangle, 
all the charges are in equilibrium: Consider the charge q at 
point A. It experiences forces Fp, Fo and F, due to charges 
lying at points B, C and O as shown in Fig. 3.06. 


Now, AO 32 ANS ee Be op 
3 3 AR 
20 we, oh 
3 Abe jd 
1 304 
Fi = , 
“. 47 Ey r2 


For the charge q at point A to be in equilibrium, 
FB Fc Fo 


sin 150° sin 150° sin60° (Lami’s theorem) 
sin 60° 
or ee 
Fo: Reps corigre V3 Fe 
(-: sin 150° = sin 30°) 
PIN belt pt lee 
Me PAO Fe 13 4n€) 7? 


It may be pointed out that it is the charge at the centre, 


or = (magnitude 


As said above, the charge at the centre of the triangle he 
to be negative. 


| q 
Therefore, Q =——= 
Ja 


The potential energy of the system in its present stat 


1 (99,499 q ,49(=4/43) 
4 Ey AO 


AB. BC CA 
4469/3) 4-4/3) 
BO co. 


RT i ot a Lee, ee 
Amey! rir or J3(r/V3) 


=] 1 
V3 (r/ V3) az) 

When all the charges are removed to infinity, th 
potential energy of the system, U, = 0 

Therefore, work done to remove the charges to infinit 

W=U,-U,=0-0=0 

Problem 3.06. A conducting sphere S, of radius 

attached to an insulating handle. Another conductin 


; sphere S, of radius R is mounted on an insulating stan 


S, is initially uncharged. S, is given a charge Q, broug] 


nr inte contact with S» and remaved. Sji is recharged such th 
, the charge on it is again Q ; and it is again brought int 


contact with S, and removed. This procedure is repeate 
n times. 
(a) Find the cleitoommtte energy of S, after n suc 
contacts with S,. 
: ‘®) What is ‘the limiting value of this energy asn > ~ 
LEIS 
‘Sol (a) After first contact : Suppose that the sphere ‘ 
acquires charge q, after it is brought in contact with sphe 
having charge Q. Then, the charge left on sphere S, will 
Q~q,: As the'two spheres are conducting, the chargs 
redistribute on them so that Sherr potentials become tl 
same 1.€. 


40 Eq r Am Ep R 
os Q_4h nh a (Rtn) 
r r FR TR 
OR 
yd UG pa? 


After second contact : The sphere S, is recharged, so 
to have charge Q again. The sphere S, is having charge qj, s 
that the total charge on the two spheres is Q + q,. Suppose thi 
when the sphere S, is removed, the charge on S, becomes q 
Then, 


2 tn 


40 Eq r 4m& R 
oe Oat fee 
Toa of, ro 
1 1.1 q2 (R+1r) 
or ~(Q+an) an(2 4 oR 


or 9q2= — (Q+4q) 
Substituting the value of g,, we have 
R OR 
= + 
pred by 22 Teast Sting p 
fen: R 
R+r R+r 


After third contact: Charge q, on the sphere S, after third 
act is given by 


1 tid (Q-+ 49). 45. _ 1 43. 
47 &} r 4m€ R 
or a lh aa be he 
r r r Re: 4 
1 Kya q3 (R+r) 
== fe = —4+— |= ———_ 
of 7&2 92) nl | rR 
or =p Ota) 


93 
Substituting the value of mA we obtain. 


47 
PIL NN 
et) GATES 
So a Sete 
alk ander! 
5 Oo} pamosiis 


R OR R 
im + 
43 Z7|0 ae R+r 
QR Ry oR eee 
or = 1+| sHaeretyieg yeaa a 2 
R+r} -- (22): eae ri foeines ole 


It follows that charge onthe sphere: i after mith contact. e 
be 


OFT 
R + tRR BAIS SRILA 4° 
Gn = x ee: = Ss x 6 MtON et9 
Ruths ARAM ol Bint) aos snes 
n—-1 
riven dest: fe 
atte .p ARE Josivspos 
MBO tla oliiy ss 
Itis a G.P. having first term = rt common ratio Riz and} 
beroftermsequalton. © 
if 
R 
QR a= (pe) 
Me R+r R. a 
1 (85) 
ORE Fifi (Reap 
r R+r 
The energy stored in the sphere S, after n contacts, 
pel In 
a a 


re C = 4 7 €, R is the capacitance of the sphere S,. 


2 
es n 
vel pudoy 6 [OR 1-— R 
2 47€)R r R+r 
2 
Den He) bpevin(s /Ruolt 
87 &% r7 R+r 
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uve, 28 fi 8.) 
n>o “n> Srey Fr R+r 
7 gl 2 

R 2 97) R 

-£ z{1—-0}" = 2 2 
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Problem 3.07. A non-conducting disc of radius a and 
uniform positive surface charge density o is placed on the 
ground, with its axis vertical. A particle of mass m and 
positive charge q is dropped along the axis of the disc from 
a height H with zero initial velocity. The particle has q/m 
= 47 €,/o. Find the value of H, if the particle just reaches 
the disc. (L. LT. 1999) 


Thought t Process 


ne When: the charge i is. at a height H above the disc, it 
possesses both electrostatic sBapeneiat energy and 
gravitational potential energy. 
2, When the charge just reaches the ne it tpaseesses 
oe eer only; electrostatic potential energy... 
Sen cu From the principle of conservation of energy, 
ixnsix) potential energy (electrostatic + gravitational) of the 
-. particle at height H 
OTB 01 aria ee ae energy the particle at the 
dise’\' rv ( 


ov 


Sol. Fig. 3.07 shows the non conducting disc of radius a 
and centre O having surface charge density 0. The particle of 
mass m and charge q is sop Pee from point P. 


ae 


i 
I 
I 
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i 
a: 
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Fig. 3.07 
Gravitational potential energy of the particle, when at 
point P, 
U,=mgH ~ i) 
Let U, be electrostatic potential energy of the particle, 
when at point P. If, V is electrostatic potential due to the 
charged disc at point P, then 
U,=Vq 
To find V. In order to find V, consider a small portion of 
the disc between two concentric circles of radii x and x + dx. 
If dq is charge on the elementary portion, then potential at 
point P due to the elementary portion, 
1 dq 
An Epo 
dq =(22x dx)o= 2noxdx; 


r= (H?2 + x2)!/2 . 


Now, 


ane tie 20x & 
4 nA Eq (H2 + x2)1/2 


— o —— © i, 3 aya gate 
ip} Eq (H2 + x2)'/2 
The potential at point P due to the whole disc can be found 
by integrating the above within the limits x = 0 to x = a i.e. 


oO x 
=—— | —— a 
2€ J (H? 4+x2)1/2 5 
Put H2+x2=z 
1 
Then, 2x dx =dz or AF Sly 


The limits of integration ae ns x=Oand x= 
a now become z = H? and z = H? + a” respectively. 


: nx H eRe Wie iy H? +a” 
es ie J OME ie kanes dz 
0 47 Z 0 72 
Hains 
oe zh? 0. fh fhe oo 
ae, ~ai sea H* +a -H) 
H2 


Therefore, total energy of the particle, when at point P, 
U=U,+U,=mgH+Vq 


ies gH+ 42 (fer gee H) i) 
0 


The energy of the particle, when it reaches the disc, can 
be found by setting H = 0 in the above equation. Thus, energy 
of the particle, when it reaches the disc, 
hel (yo? +a2 — 0] = 


u'=0+2 
2 


From the principle of conservation of energy, we have 
U=U' 


or mg n=l? (ie -1)= 
0 
Gig 4&8: 


m oO 
Substituting for min equation (iii), we have 


3 Oe’ 4 


OC Feagas ane 
H+ H* +a°.—H]= 
Ae, g° sal t 
or Hy (fee +a -H) =< 
or JH? +a? =(a+ 8) 


2 
or Wad =(a+t) 


qoa 
2€o 


...(ii) 


qoa 
2£9 


..-(ii1) 


qo 
4€ 2 


Now, or i 


qoa 
2€o 


sat 4 
i me =>—a@ 
or 3 


Problem 3.08. Three charges q, 2 q and 8 q are to be 
placed on a 9 cm long straight line. Find the positions, 
where the charges should be placed, such that the potential 
energy of cats system is minimum. In this situation, what 


} 


placed at points A, Band C ona line AC = 9 cm = 0-09 mi 
shown in Fig. 3.08. 


i! 2q 8q 


}«---------- -0'09 m----------- >| 
Fig. 3.08. “? 
Suppose that AB = x. 
Then, BC = 0-09 —x 


The electrostatic potential energy of the system of thr 
charges is given by 
1 G%2q GX 895. 29%89 
4ae,\ AB AC BC 


q2 1 4 8 
3 i i‘. da 
we a 2 Eo 2 0-09 wits] “4 


For the positions of the three charges shown in the figu 
potential energy of the system. will be minimum, if ne =0 


dx 
Differentiating both sides of equation (i) w.r.t. x, we hav 


ee 
AU SF se ee hye tiled) 
dx ; 21 € Woy oY 4 (0-09— x) 


yi q° 8 ES 
2M, (0-09 — x)” x 


Since U is minimum, — = 0 
4 AX, 4 
2 
Fy 1: Bw lai enc =0 
2H Eq \(0709—x)~ x7, 
ek) Ligier 
pig Sota Se 
fi (0-09 — x)” x? 
or (0-09 — x)? =8 x2 
or 0-09-—x=2V2x 


or = (1+ 2V2)x=0-09 

or x=0-0235 m=2:35 cm 

Therefore, potential energy of the system of three charg 
will be minimum, if the charge 2 g is placed at a distance | 
2-35 cm from the charge q and 9 — 2-35 i.e. 6-65 cm from tl 
charge 8 q. 

The electric field at the location of charge q will be tk 
resultant of the electric fields Ez and E- due to charges 2 q an 
8 q located at points B and C respectively. Since both the fielc 
will be along CA, the resultant electric field at point A is give 


by 
8q 
+ ——— 
25) 


pines a Bae EI 
(00235)? (0-09) 


1 2q 
i H=n, ERC = a P 
ey 4a en [2 


= 9310? x24{ 


=9 x 10? x 2g (1810-8 + 493 
=415x10%qgNC1 
-roblem 3.09. Two fixed equal positive charges each 
agnitude 5 x 10~° are located at points A and B 
ated by a distance of 6 m. An equal and opposite 
fe moves towards them along the line COD, the 
ndicular bisector of the line AB [Fig. 3.09]. The 
ng charge, when it reaches the point C at a distance of 
rom O, has a kinetic energy of 4 J. Calculate the 
ice of the farthest point D, which the negative charge 


each before returning towards C. (LLT. 1985) 
iv 
= 5x10 C 
9n= 5x i 
qo= 5x10 °C 


a= 5x10 °C 
Fig. 3.09. 


ight PAOLA RIE ME a 
At point C, the charge — q possesses electrostatic 
potential energy and kinetic energy. It will go up to that 
farthest point D, where its shy sai: t 8 is in the form 

of potential energy. ; 
301. The two charges q, and qz each of 5x 10° Care 
d at the points A and B, such that AB = 6 m, A charge 
-5 x 10° C moves are the bisector CoD of the line 


\t point C, the charge qc possesses. Soret energy in 
ion to the kinetic energy of 4 J. 

Jow, potential energy of charge of — 5 x 10° C at the 
C, 


wpe het wh Phd mniols hOB 
4m€ AC 47 €)». BC 


ince Fa= 4p =5x 10° Cjqe==5x 10°C 

nd AC = BC 3? +42 =5m, we have 

(—5x107°)x (5x 10-°). 
5 


(—5x 107°) x (5x 10°) 
5 


U=9x 10° x 


+9x10? x 


=-45-45=-9]J 
fotal energy of the charge qc at point C, 
= U + kinetic energy of the charge at point C 
=-9+4=-5]J 
The charge gc can move upto a farthest point D, where 
tential energy will become equal to the total energy of 
it point C. 


_ Potential energy of charge qc, when at point D, 
(—5x 107) x (5x 10°) l 
ep DA e 
(=5x 107°) x(5 x 10°) 
cme PRAIA 


U’=9x 10? x 


‘49x10? x 


Suppose that the distance of point D from Ois x. Then, 


ean me 


oy a fF s pyri G71 


Since U’ = E; ee Maoh Ge ain = 


OF | — = == — 1 or Ot ya = 9 
\9+x? a 
or ay X= - 8-49 m My 


Problem 3.10. A particle of'mass 40 mg ‘and carrying a 


“charge 5 x 10-9 Cis moving directly towards a fixed positive 


point charge of:magnitude:10* C. When it is at a distance 
of 10 cm from the fixed positive point, it has a velocity of 
50 cm s~!. At what distance from the fixed point charge, wil! 
the particle come momentarily to rest ?.Is the acceleration 
constant during motion? j (LLT. 1975) 

"Hint. This problem i is rv to. the problem:3.09. 

Suppose that the charged’ particle momentarily ‘comes 
to rest, when its distance from.the fixed charge is r. 

‘Then, PE. of the system ‘at separation ris equal to the 
sum of the P.E. ‘of the system at 10 cm separation ¢ and the 
kinetic‘energy/6fthe moving charge. ~~" 

Problem 3.11. (a) A charge Q coulomb is uniformly 
distributed over aSphere volume of radius R metres: Obtain 
an expression for the-energy of the system: 

(b) What will be the corresponding expressions for the 
energy needed to completely deassemble the planet each 
against the gravitational pull;amongst its constituent 
particles ? Assume the earth to be asphere of uniform mass 
density. Calculate this’ energy, given that the product of 
mass and the radius of the earth to be 2-5 x 1071 kg m. 

(c) If the same charge of Q.coulomb as in part (a) above 
is given to a spherical conductor of the same radius R, what 
will be the energy of the system ?. (LLT. 1992) 

Sol. (a) Consider a sphere of radius R. The charge Q is 
uniformly distributed over its volume [Fig. 3.10]. If p is 
volume charge density, then 


Def 
4 aR? 

The sphere of volume charge density p.may be assumed 
to be built by putting the.spherical layers of increasing radii 
around the initial sphegeal core, till a sphere of radius R is \ 
formed. 


As 


Suppose that at any instant, there is a spherical core of 
radius x as shown in the figure. 


Q 


Fig. 3.10. 


4 
Then, charge on the spherical core, 4 = 3 nx? p 


Suppose a spherical layer of infinitesimally small thick- 
ness dx having, charge density p is put around the spherical 
core. The small amount of charge on the spherical layer, 


dq = volume of the layer x p = (4.1 x7 dx) p ae 

The system of the charged spherical core (of radius x) 
and the charged spherical layer (of thickness dx) possess 
electrostatic potential energy, which is given by 


1 94g _ 1 4Aax px(ax? dx) p 


dU = 
Aig Sgt ax 47 E, x 
4.0 Re 
= Lape p? x* dx 
4m€, 3 


Therefore, electrostatic energy of the sphere of radius R 
» given by 


R 
Py LAG! 15 15 


i= = gp het dx 
AN &, 3 
R 
= 1, OPS Hae FRA RO sey 
¥H Eg OS 5 4V€,° 3 4 5 


Substituting for p, we have - a 
; 2 
HM gies, Q RO sO 


dane, 3° °\SaR? |S 5 Sree 


(b) In expression for gravitational potential energy, 


1 \ 
constant a and Q get replaced by gravitational const 
0 { 


Gand mass M of the earth. In addition to it, the gravitatio: 
potential energy is negative pin iin Gpeniy force is attract 
in nature). Therefore, . 


2 
Gravitational energy of the earth, U =— . yds 


ee 7 
Here, R is radius of the earth. 
The energy needed to completely deassemble the ea 


.. amongst its constituent particles will be 


2 
webeusste ee 
5 R 
< _GM 
Ow, ee 
or GM=gR 
fy? y. 
x 
wecnse AMe Sone 
Ran R 5 


Here, M R= 2:5 x 1031 kg mand. g=9-8 x ms? 
Weis: 8x2. Seay 47x 10° J 


(c) In case, the same charge Qis given toa sphett 
conductor of radius R, the whole of the charge will app 
on its outer surface. Then,, 


' Potential of the spherical cori difCtOe V= ut ae 
4m€) R 
Further, the capacitance of the spherical conductor, 
C=47e)R 
, RE st stored in the spherical conducts 
ogee rie en aly 4m & Rx ae 2 
fi TI 2; 2s 4 8 Eo R 
zit ry ; 
240 €,R 


Chapter 4. Gauss’s Theorem 
Problem 4.01. It has been experimentally observed that the electric field in a large region of earth’s atmosphere 


directed vertically down. At an altitude of 300 m, the 
electric field is 60 V m™ and at an altitude of 200 m, the 
field is 100 V m“. Calculate the net amount of charge 
contained in a cube of each side of 100 m located between 
200 m and 300 m altitude. 

Sol. Fig. 4.01 shows a cube of each side 100 m located 
between 200 m and 300 m altitude. Therefore, area of each of 
the six faces of the cube, 

A = 100 x 100 = 104 m? 


> — 
The electric fields E; and E> at the top and bottom face 
of the cube are directed along negative Z-axis. Therefore, 


ng A 1 Ta A 
E, =—60k Vm~ and E,=—100kVm'! 


ad) lsu 
The electric field E; or Ey is parallel to the four verti 


faces of the cube. Therefore, no electric flux crosses throu 
{ 


four faces. If qisc arge enclosed by the cube, then 
ing to Gauss’s theorem, electric flux through the cube, 


a a 
@=E,.A;,+E2.A>d 
g a a 

r —=E, Ay +E, Ad =!(2) 


=) => 
A, and A» are the area vectors representing the area 


and bottom face of the cube respectively as shown in 
ure. 


=> A — A 
low, A; = 104 km? and A> =-104 km? 
a >, 
ubstituting for E; , Ey ,A; and A> in equation (i), we 


4 — (60 R).104 k + (— 100). (- 104 &) 
71) ' ; F 
=-6x10°+10x10?=4x10 | 
rq = & x 4 x 10° = 8-854 x 1072 x 4 x 10° 
= 3-542 x 10°C 
roblem 4.02. A conducting sphere of radius 10 cm has 
known charge. If the electric field 20 cm from the 
of the sphere is 1-5 x 10° N C“! and points radially 
is, what is the net charge on the sphere ? 
ol. Consider a sphere of radius-R (= 10 cm) and.centre 
charge on the conductor be q. Further, take a point P 


listance r = 20 cm from the centre of the sphere [Fig. 


he electric field E (= 1-5 x 10°? NC“) is directed radially’ | 


is as shown in the figure..So as to enclose the charged 


— 
Pr is Sines 
a oo 


GAUSSIAN SURFACE 


™~, 
Ny oo 


Fig. 4.02. 
sphere, draw a sphere (gaussian surface) with O as centre and 
r (= OP = 20 cm) as radius. As the electric field is radial, it is 
normal to the gaussian surface everywhere. Therefore, 
electric flux through the gaussian surface, 
_. ®=-+E x area of the gaussian surface 
. The negative sign shows that the flux is entering into the 
gaussian surface. 
@=-Ex4m1r7=-1:5x 107 x 4a (0-2) ...(i) 
According to Gauss’s theorem, 
Mak 
£0 
From equations (i) and (ii), we have 


4 = _4-5x 10° x 42x (0-2)? 


Eo 
or = g =-15x 10° x 4, x (0-2) 
—1-5x 10? x (0-2)? 


Lae ee X10 C 
9x10 


(ii) 


‘Chapter 5. Capacitors 


roblem 5.01. A radioactive source in the form of a 
sphere of diameter 10° m emits f-particles at a 
nt rate of 6-25 x 10’° particles per second. If the source 
trically insulated, how long will it take for its 
ial to rise by 1-0 V, assuming that 80% of emitted /- 
es escape from the surface ? (Roorkee, 1989) 
ol. Here, radius of the metal sphere, 


—2 
p= =0:5x 107% m 


herefore, capacitance of the metal sphere, 
1 ve ~12 
C=4n7 & r=—~ x0°5x10 ’=—x10 “F 
°" 9x10? 18 


equired electric potential of the metal sphere, 
V=10V 

q is the charge that should escape from the metal 

» (in the form of f-particles), so as to raise it to the 

od potential, then 


g=CV=—x10-2x 1=— x10"? 
18 18 
he number of f-particles emitted per second by the 
n= 6-25 x 1010 s1 


nce 80% of emitted 6-particles escape from the metal 
ey 


the number of /-particles escaping per second 


_ 6-25x 101° x 80 
4 100 
Since charge on a f-particle is 1-6 x 10719 C, 
the amount of charge escaping per second 
25 PIO Te x1 ask est 
- ss ha 
8x107? 


8 =49 
rt 10 


8x10° 
Problem 5.02. A capacitor of capacitance C, = 1-0 uF 
withstands the maximum voltage V, = 6-0 kV, while another 
capacitor of capacitance C, = 2-0 uF withstands the 
maximum voltage 4-0 kV. What maximum voltage will the 
system of these two capacitors withstand, if they are 
connected in series ? (M.N.R. 1992) 
Sol. Here, C, = 1-0 uF = 10°F ; 
C,=20uF=2x 10°F 
Maximum voltage, which capacitor C, can withstand, 
V,=60kV =6x10°V 
Maximum voltage, which capacitor C, can withstand, 
V.=40kV =4x10°V 


=5x10!95-! 


Then, required time, t = 


= 6-944 x 10s 


Let q, and q, be the values of maximum charge that can 


be stored by the capacitors C, and C, respectively. 
Then, 9, = Cy Vi,310° x 6.x dP iax 10> C 
and  -95.=Cy.Vj=2 10s 904 x 10°38 x10 C 


When capacitors are connected in series, charge on the 
plates of each capacitor is same. Therefore, when the two 
capacitors are connected in series, the maximum voltage 
should not charge C, or C, to a value more than 6 x 107 ae 
(the maximum charge which the capacitor C, can withstand). 


Therefore, when the capacitors are connected in series, 
=6x 10°C 


Vmax 


Let C be capacitance of the two capacitors in series. Then, 


Leet 1 1 1 2+1 
P= hay hl et MT «ss APA 
Gio Cy. Coin 40 2x10 2x10 


or c=5x10°$ F 


Therefore, the maximum voltage which the series 


combination can withstand, 


gaxe 6x 105" 


Vo is =9x10°V 
ee aC 2x10°° 


Problem 5.03. From the given Fig. 5.01, find the value 
of the capacitance C, if the equivalent capacitance between 
(I.I.T. 1997) 
Sol. Refer to the arrangement of capacitors in Fig. 5.01. 


points A and B is to be 1 vE 


Fig. 5.01. 

The two capacitors C, and C, are in parallel. Their 
effective capacitance, 

Cyg= C3 +Cy=24+2=4 uF 

Also, the two capacitors C, and C, are in series so that 

their effective capacitance, 


Cs C5 OX TZ as 
GunGe eerie 


The given arrangement of capacitors is equivalent to the 


arrangement as shown in Fig. 5.02. 
Cc G, 


B 
Fig. 5.02. 


Since the capacitors C, and C34 are in series, their 


effective capacitance, 


Cy X Coq _ 8x4 8 


= — uF 
Cri:iGasle Schade : 


Also, the capacitors C,, and C, are in parallel so | 
their effective capacitance, 
Copy = Cag + Cp = 44+4=8 uF 
The arrangement shown in Fig. 5.02 is now equiva 
to the arrangement shown in Fig. 5.03. 


c Cj 
An opm a 
CA, Oz, 
Fig. 5.03. 


Since the capacitors C, and C,¢, are in series, tl 
effective capacitance, 


Cy x C567 _ 1x8 be 
C: ¥ Cie 1kbie 9% 


The arrangement shown in Fig. 5.03 can be represet 
as shown in Fig. 5.04. 


eee | 


Cos, C’ 


Co34 = 


C= 


Fig. 5.04 
Now, the capacitors Cj3, and C’ are in parallel. T 
effective capacitance, 
j\C'= Cora $C Sea SuP 
Finally, the given arrangement of the capacitors redi 
to the one shown in Fig. 5.05. 


Cc Cc” 
A | | | B 
Fig. 5.05. 
Since the equivalent capacitance of the gi 
arrangement between points A and B is 1 “EF, it follows: 
Loc 1 1 1 23 


=— a ee ees ny ey 


=F Sou 
Cras G bd Sea io. ie 3 
or Ca = 139 uF 

32 


Problem 5.04. A capacitor is filled with two dielect 
of same dimensions but of dielectric constant K, = 2 ane 
= 3 respectively. Find the ratio of the capacities in 
possible arrangements. (MLN.R. 1: 


Thought Process 

1. One arrangement of filling the capacitor is to us 
two dielectric slabs each of area Aand thickness d/2 | 
that of the distance between the plates of the capaci 


As such, the capacitor acts as a series combinatic 
two capacitors [Fig. 5.06]. 


Foe 


Af2_ As saci, the acts as « parallel 
combination of two capacitors [Fig_ 5.07) 


Sei_ A capacitor having plates of area A and separation 
be filled with two dielectric siabs of dielectric constants 
oe epg 
itances of the wo thec dielectric 
each of avez A. fhickmess 7/7 and of dielectric constants 
2 and K = 3. 


. 


I nef eo ea spr ¢ WBéd 
CG, 4e&,A4 G@e,A De,A 


aad 
Arrangement in Fig. 5.87 = Let C,” and C,” be the 
Giances of the two parts of the capacitor having dielectric 
each of area A/7, thickness ¢ and dielectric comsiants 
Zand K. = 3. 


Rig 3.07 
&K,-A/2 e*2xXA GA 
Z 


2@ tia 
= & Ky-A/2 &x3xA_3e,A 

<a a a ae 

The capacitor behaves as the parallel combmation of C,’ 

i 

Therefore. the equivalent capacitance of the arrangement 


en by 
_ _ fs, Sey A_ F&A 
c=G a a hy 2a 
=- ~SS* / 22" 2 
3 


Then. C= 


é of & ee = 
le the hive dc i ck of tckncrs Tae ree 


at a certaim potential difference. When a 3 mm thick slab 
is introduced to keep the difference same, the 
distance between the plates has to be increased by 2-4 mm. 
Find the dielectric constant of the slab. 


(MN_R. 1982 ; LS.M_ Dhanbad, 1982) . 


OO 
L Et follows that only a part of the space between the 
‘eam | two plates has been filled. 

2. The charge on the capacitor does not change on 
mtroducing dielectric between the plates of a capacitor. 

Sol_ Let A be the area of each plate and d (m metre) be 

separation between the two plates of the capacitor. 

Ey A 


The capacitance of the parallel plate capacitor, C = Fr 
plates remains unchanged. Therefore, on introducing 
dielectric slab and increasing the separation between the 
plates, the capacitance of the capacitor should not alter, so that 
potential difference remains the same 

Now, the capacitance of the capacitor, when dielectric 
slab of thickness ¢ is mtroduced,is given by 

Eg A 

e-r\1-b 
where @’ is the new value of the separation between the 
two plates of the I 
Here, d =d+24mm=d+24x10%m 
f=3mm=3x 107 m} 
F Eg A 
a c= a = 
(@+2-4x10 *)—3x10 * (1-2) 
Equaitine C and C’, we have 
; eA 
(d+2-4x104)-3x107(1-2) 4 


, 


or t@+2-ax10)—3x 10-9 (1- =|=4 
d —3 
es ee ee ee a 
K 3xi0° K 
or ss 


Problem 5.06. A 28aF capacitor is charged to 100 V and 
another 2 uF capacitor to 200 V. Then, they are connected 
im parallel. Determine the total imitial and final energies. 
Account for the difference in two values. 

(LS.M_ Dhanbad, 1983) 

Sel. Here, C, = 28 aF =28 x 10° F ; 

Se Nd 
V,=lW0V V;V,=200V 

Charge om capacitor C,, 

g, =, V,=238~ 10* x 100 = 28 x 10*C 

Charge om capacitor C,, 

Gq = C, Vz =28 x 10° x 100 = 28 x 10*C 

When the two charged capacitors are connected i 
parallel, they will share charges, till a common potential is 
attained. If V is common potential, then 


__totalcharge — 4, +4 
total capacitor C,;+C) 
_ 28x10-4+6x 107" 
~ 28x 107° +3x107° 
Total initial energy of the two capacitors, 


1 1 
Lp Sinope Coats 
1 2 1“\1 2 ZZ 


= 109-68 V 


or U; =5% 28 x 107° x (100)? +> x 3 x 10-6 x (200) 


= 0-14 + 0-06 = 0-2J 
Total — energy of the two lik 


“2 +C>) Vv? 


or U> = ; (28x 10° +3x 10-°) x (109-68)? 


= 0-1865 J 

Loss of energy, U, — U, = 0-2 0-1865 = 0-0135 J 

The loss of energy appears as heat and electrical spark. 

Problem 5.07. The capacitance of a variable radio 
capacitor can be changed from 50 pF to 950 pF by turning 
the dial from 0° to 180°. With the dial set at 180°, the 
capacitor is connected to a 400 V battery. After charging, the 
capacitor is disconnected from the battery and the dial i is 
turned at 0°. 

(a) What is the potential difference across the capacitor, 
when the dial reads 0° ? 

(b) How much work is required to turn the dial, if 
friction is neglected ? (M.N.R. 1986) 


Thought Process 


1. When the dial is turned at 0°C (from 180°), the 
capacitance of the capacitor decreases from 950 pF to 
50 pF. 

2. The decrease in capacitance of the capacitor by certain 
factor brings about increase in potential difference 
across its plates by the same factor. Since electrostatic 
energy stored is directly proportional to square of the 
potential difference, increase in potential energy of the 
capacitor is quite large. 

3. The work done to turn the dial at 0° is equal to the 
increase in the potential energy of the capacitor. 


Sol. Here, the source voltage, V = 400 V 
The capacitance of the capacitor, when dial is at 0°, 
C, =50 pF =50 x07 
The capacitance of the capacitor, when dial is at 180°, 
C, = 950 pF = 950 x 10°? F 
The battery is connected to the capacitor, when dial is 
at 180° i.e. when its capacitance is C,. 
Therefore, charge stored in the capacitor, 
q=C, V = 950 x 1071? x 400 = 3-8 x 10-7 C 
(a) After charging, the dial is turned at 0°, so that its 
capacitance becomes Cy. 


Therefore, potential difference across the capacitor, when 
the dial reads 0°, 


3-8x107” 
Via =———,, = 7600 V 
C; 50x10 


(b) Initial potential energy of the capacitor, . 
1 1 & 
UL=5C v? = 5 x 950 x 10 12 x (400)? 
=7-6x 10° J 
Final potential energy of the capacitor, 


Up = Cy V? = 550x107! x (7600)? 


= 1-444 x 10-J 
Therefore, work done to turn the dial, 
W =U, -U, = 1-444 x 10% —7-6 x 10° 
= 1-368 x 103 J 
Problem 5.08. A conductor of capacity 15 uni 
charged to potential of 40 units and is then made to s 
its charge with an uncharged sphere, whereby the com 
potential drops to 30 units. Find the radius of the sphe 
terms of the loss of energy due to sharing of charge. 
(I.S.M. Dhanbad, 1 
Sol. Here, capacitance of conductor, 
C, = 15 F (SI units) 
Potential of the conductor, V = 40 V 
Therefore, charge on the conductor, 
q, =C, V=15 x 40 =600C 
Let r (metre) Be the radius of the uncharged sp! 
Then, | 


Capacitance of the Pathan, cys =47€)r= 


(SI u 


r 
9x10 
Since the spheres is 2 Sr Gye ='0), the com 
ae ore 

ye a ae 


s00-+0 28% 600 


5 nl nesnay 
: ris Araneae eeU 
initial Potent cer 4 the system, 


U; =50y 7 +50 x 07 =5x 15 x 407 =1-2x1 
Final potential energy of the system, 


1 
Ura 5 Car tOn) Wi" 


600 


1 eal 15+——5 K 
ren 2dsindy 9 X10 . 
’ & rege 9x10 


154k 


1-62x10!° 


135x110! +7 
On sharing charges , there is always loss of en¢ 
Therefore, 


1-62x10!° 
1:35x10!! 47 


loss of energy, AU=1-2x 104 — 


1-62x 10 
or —_——— =1:2x 10* -AU 
1:35x10! +7 
1-62x 10 
or 1-35 x 101! +7 =—_—————__ 
1-2x104-AU 
4.6210" 
or r= ri —1-35x10!! 
1-2x104-AU 


1-62 10 —1-35x1-2« 105 41-35x102 AL respectively. A slab of dielectric constant (relative 
m1 \ permittivity) K = 9, has dimensions, such that it can exactly 
1-2x10°-AU x fill the space between the plates of capacitor B. 

1:62x 10 —1-62x 105 +1-35x10!! AU 4 (i) The dielectric slab is placed inside A as shown 

= cect GR, Changer aaa ich aes \in Fig. 5.09. A is then charged to a potential difference of 

110 V. Calculate the capacitance of A and the energy stored 

1:35x 10 AU in it. 

1-2x 104 -AU ‘ 
Problem 5.09. Fig 5.08 shows two identical parallel 
> capacitors connected to a battery with the switch S 
ed. The switch is now opened and the free space 
veen the plates of the capacitors is filled with a 
>ctric of dielectric constant (or relative permittivity) 3. 
the ratio of the total electrostatic energy stored.in both 
citors before and after the introduction of the dielectric. 


se ek ited he Fig. 5.11 
L : | | fasts aT “Ge The battery i is disconnected and then the dielectric 


byes slab is. removed from A [Fig. 5.10]. Find the. work done by 
Heels | the external agency in removing the slab from A. 

hep _: ts, (ii#:The same dielectric slab. is now placed inside B, 

‘yee | — filling it completely. The two capacitors A and B are then 

1. On introduction of dielectric slab, the potential connected as shown in Fig. 5,11. Calculate the energy stored 

pe difference between the plates of a capacitor decreases by _ in the system. (LLT. 1993) 

a factor equal to K (dielectric constant). 

2. When the switch S is opened, the potential difference Thought PUTS iatwatial* «cece rere bipwae. cea 

will not decrease in case of capacitor A. It is: because, 1. When the space between the plates of a capacitor is 

even on opening the switch, the ide A remains -partially filled with a dielectric slab (thickness of slab 

is. equal to separation between the plates), the two parts 


connected to the battery. 
of the capacitor behave-as, two separate capacitors and 


Sol. When the switch is closed. The potential difference 


3s the plates of both the capacitors will be equal to the the arrangement may be looked asthe parallel 
ry voltage V. combination of the two parts behaving as two separate 
Therefore, electrostatic energy stored i in the two CAPACHOTS. »., 

' 9 2 eat »...,.,2. When dielectric slab. is.removed.from the space 
citors, U; = os Meee: between the plates of a charged capacitor, the 


capacitance decreases, while the potential difference 
increases by the factor equal to K (dielectric 
constant). 


When the switch is opened and dielectric is introduced. 
n dielectric of dielectric constant K = 3 is introduced 
een the plates of the two capacitors, the capacitance of ; 
of the two capacitors A and B will become K times i.e. Since U = — C V”,, the potential energy increases by a 
will become equal to 3 C. Further, whereas the potential ice, 2 

rence across the capacitor A will remain V (as it still 1 a ; 
1ins connected to the battery), the potential difference factor K X BrachfieRad 6 epersu of the capacitor 


ss the capacitor B will become —. increases at the expense of the work done in removing 


3 the dielectric slab. 
Aaa electrostatic energy stored in the two Gol Ha. Area or iks plates f capacitor A 
2 A, = 0:04 m? 
U> = ue (3C)x V2+ Lt (30)x (2) Area of the pidias of capacitor B, 
2 2 3 ; A, = 0-02 m? 
3 Cv24 1 CvyeS 5 cv2 Separation between the plates of the two capacitors, 
5 3 d, =d, =8-85 x 104m 
U cv2 3 Since the dielectric slab can exactly fill the space between 
Thus: <-.s —e the plates of capacitor B, 
Uz 3C v? 5 area of dielectric slab, A, = 0-02 m? ; 
Problem 5.10. Two parallel plate capacitors A and B and dielectric constant of the dielectric slab, K = 9 
» the same separation d = 8-85 x 10~* m between the (i) As shown in Fig. 5.09, when the dielectric slab is 


2s. The plate areas of A and B are 0-04 m? and 0-02 m? introduced between the plates of capacitor A, then half of the 


‘space between the two plates gets filled with slab and the 
other half has air. Let C’ and C’’ be the capacitances of the 
two parts of the capacitor A. The area of the plates of capacitor 
C’ is A,, same as that of dielectric ; while that of C’’ is equal 
toA,—A,. As already said, the capacitor A can be looked as 
a parallel combination of C’ and C”’ and its capacitance is 
given by 


KA A, -A 
Since A, = 2 Aj, it follows that 
Eo KA») Eo Ad Eg A> 
t d d pm 
12 
: x 0-02(9+1 
_ 8:85 10 Hiab Lee 409 F 
8-85x 10 


The energy stored in the capacitor A on applying a 
potential difference of 110 V, 


1 = 
U1=501 V? => 2x10 9 x (110)? = 1-21 x 10-5J 


(ii) As shown in Fig. 5.10, when the battery is 
disconnected and the dielectric slab is removed, the capacitor 
A becomes completely an air capacitor and its capacitance 
becomes 
€) Ay __ 8:85x10 *x0-04 

d 8-85x 10-4 

Let V’ be the value of potential difference across the 
capacitor A on removing the dielectric slab. Since the charge 
on the capacitor remains same, we have 


er =4x10 °F 


Cy W=C,V 
C, Vv 2x10-? x110 
or v= An = 07 OO. 
Cy 4x10 


Therefore, electrostatic energy stored in the capacitor on 
removing the dielectric slab [Fig. 5.08 (c)], 


1 1 s! 
Uz = 5 Cy V7 => x 40x 10" x (550) 


= 6-05 x 10>] 
The energy of the capacitor increases at the expense of 
the work done by the external agency in removing the slab. 
Therefore, work done by the external agency 


W =U, -U, = 6-05 x 10 - 1-21 x 10° 
= 4-84 x 10° J 
(iii) Refer to Fig. 5.11 : The capacitance of the capacitor 
B, when dielectric slab is placed between its plates, 
4e,K Ay  8-85x107'2x9x0-02 
d 8-85x 10-4 
=18x 10°F 
When the charged capacitor A (without slab) is 
connected to the capacitor B, the capacitance of the parallel 
combination becomes 
C=C,’ +C,=4x 1071 +18 x 10/? 
=2.2in 10728 
Charge on the parallel combination of the capacitors, 
gq = OV 40 1059 «550 
Therefore, energy stored in the combination, 


pad q* _ (4x107"° x 550)? 


Co = 


problem 5. 11. Two square metallic p tes 
kept 0-01 m apart like a parallel plate capacitor in airins 
a way that one of their edges is perpendicular to an 
surface in a tank filled with an insulating oil. The plates 
connected to a battery of e.m.f. 500 V. The plates are t 
lowered vertically into the oil at a speed of 0-001 m 
Calculate the current drawn from the battery during 
process. Dielectric constant of oil = 11, €) = 8-85 CN) 
(LLT. 1 


Thought PV OCS san 
1. As the plates of the capacitor are lowered into th 


the capacitance of the capacitor goes on increasing 
to continuous increase in the area of the diele 
(insulating oil) between the two plates. 

2. Since battery remains connected to the capac 
potential difference across the plates remains equ 
the battery voltage. 

3. As capacitance is continuously increasing 
electrostatic energy also goes on increasing. For 
capacitor draws current from the battery. 


Sol. Suppose that at t = 0, the edges of the two squ 
plates of the parallel plate capacitor just touch the oil surt 
If the plates are lowered with velocity v, then at any tin 
length v t of the vertical side of the plates will be inside 
oil [Fig. 5.12]. Since the plates are square of side 1 m, the le: 
(1 — v t) of the vertical side will be in air. 

Thus, the capacitor is partially filled with oil 
partially with air. Let C, and C, be capacitances of the 
parts of the capacitor having oil and air respectively as t 
dielectrics. If A, is area of the portion of the plates havin: 
inbetween, then 


_ &9 Ky Ay 
Cc eS 
ak iid 
Here, A,=vtx11=11 
Eo X11Xvt _ 11le€,) vt 
Ci = F 


On the other hand, if A, is area of the portion of 
plates having air inbetween, then 


Cy = So R Ae 
Here, A, =(1-v#) x 1=(1-v #) m? 


ate etenllay changer abe pluged 
The given capacitor is equivalent to a parallel 
bination of C, and C,. If C is capacitance of the given 
citor at any time t, then 
lleguvt  €) (1—vt) 
CHC + Co = F “5 7 
_ &) (1-10 vt) 
d 
Since the capacitor remains connected to the battery, the 
ntial difference across the capacitor always remains equal 
e battery voltage V. 


Therefore, electrostatic energy stored in the capacitor 
ly time t, 


Tc, (EW OD 
2 d 


If q is charge on the capacitor (supplied by battery) at any 
t, then 


u=2 cv? = Ba 
2 


U=54V (ii) 


he equations (1) 
le, +10 v?) y2 
2 d 
Ep 1+10vt 
Uns ali 


or 


Differentiating both sides w.r.t. t, we have 
ae aed 
dt dt d 
10e, vu V 
d 
Now, 4 =I, the current drawn by the capacitor from 
the battery. 


=“ (0+100) V= 


10 Eg Vv V 
Ts St al tees 
Here, & = 8-85 x 10-712 C2N1m?; 
d=0-01 m;v =0-001 ms! ; V = 500 volt 
_ 10x 8-85x 107 '? x 0-001 x 500 


0-01 
=4425x10°A 


“AA 


Chapter 1. 


PART I. TEXT-BASED QUESTIONS 


1. 


Static electricity is produced due to 

(A) friction (B) conduction 

(C) induction (D) both AandC. (C.E.T. 1999) 
A polythene piece rubbed with wool is found to have a 
negative charge of 1-6 x 10 C. (The charge on electron is 
1-6 x 10-19 C). Then, the number of electrons transferred is 
(A) 1015 from wool to polythene. 

(B) 10'5 from polythene to wool. 

(C) 2:56 x 10! from wool to polythene. 


(D) 10-19 from wool to polythene. 

' (Karnataka Entrance, 1991) 
A positively charged glass rod is brought near an 
uncharged pith ball pendulum. The pith ball is 
(A) attracted towards the rod. 
(B) repelled away from the rod. 
(C) not affected by the rod. 
(D) attracted towards the rod, touches it and is then thrown 

away from it. 

In SI, unit of permittivity is : 
(A) Nm’*C? (By) Nm?C! 
(CNS me (D) Am! 
Two point charges of +3 uC and — 8 uC attract each other 
with a force of 1 N. A charge of + 5C is added to each of 
them. Now, the force will be : 
(A) 1N (attractive) (B) 1.N (repulstive) 
(C) zero (D) cannot be found. 
When air is replaced by a dielectric medium of dielectric 
constant K, the maximum force of attraction between two 
charges separated by a distance : 
(A) decreases K times 
(B) remains unchariged 
(C) increases K times 
(D) decreases K? times (C.B.S.E. 1999) 
Force between two stationary charges, when placed in free 
space is 10 N. If they are placed in a medium of relative 
permittivity 5, the force between them is 
(A) 50N (B) 2N 
(C) 05N (D) 10N (GEE 1999) 
Four charges are arranged at the corners of a square ABCD 
as shown in figure. The force on the charge +q kept at the 
centre O is 


(A) along the diagonal AC. 
(B) along the diagonal BD. 
(C) perpendicular to side AB. 
(D) zero. : 

Three charges +4 q, O and q are placed in a straight line of 
length | at points at distances 0, | / 2 and | respectively. 


(N.C.E.R.T. 1983) — 


MULTIPLE CHOICE QUESTIONS FROM COMPETITIVE EXAMINATIONS a 


Coulomb’s Law 


10. 


MUTE tam EPA i uty Al ’ VS ¢ H 


What should be Q in order to make the net force on q to 
zero ? 
(A) -q (B) -2q 
(C) -q/2 (D) 4q (A.LLM.S. 19% 
A charge q, exerts some force on a second charge q,. A th 
charge q, is brought near. Then, force exerted by q, on 
will 
(A) decrease in magnitude. 
(B) increase in magnitude. 
(C) remain unchanged. | 
(D) increase, if q, is of the same sign as q, and will decrea 
if q, is of opposite sign. (N.CE-R-T. 2a 


PART Il. THOUGHT-BASED QUESTIONS 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


Choose the correct answer : 

(A) Total charge present in the universe is constant. 

(B) Total positive charge present in the universe is consta 

(C) Total negative charge present in the universe is consta 

(D) Total number of charged particles present in t 
universe is constant. 

Five balls numbered 1 to 5 are suspended using separ 

threads. Pairs (1, 2), (2, 4) and (4, 1) show electrosta 

attraction, while pairs (2, 3) and (4, 5) show repulsi 

Therefore, ball 1 must be 

(A) positively charged. (B) negatively charged. 

(C) neutral. (D) made of metal. 

(N.C.E.R.T. 19 

Two small spheres each having the charge g are suspend 

by insulating threads of length / from a hook. T] 

arrangement is taken in space, where there is 

gravitational effect. Then, the angle between the t 

suspensions and the tension in each will be 


q iene 
(A) 180°; Gee Gp? ®@) Wi gree 

q q 
(180°; oe OY ter; aa 1 


A soap bubble is given a negative charge. Then, its rad: 
(A) decreases 

(B) increases 

(C) remains unchanged 

(D) nothing can be predicted. (M.N.R. 19: 
A charge q is divided into two parts i.e. q’ and q — q’. If | 
two parts exert a maximum force of repulsion on each ott 


q 
then the ratio q is given by 


(A) 1:2 (B) 2:1 
(C) 1:4 (D) 4:1 
A charge q is placed at the centre of the line joining t 
equal positive charges Q. The system of the three char; 
will be in equilibrium, if q is equal to 
(A) -Q/2 (B) -Q/4 
(C) +Q/4 (D) +Q/2 

(GBS ER 199s Eade, 
Two charges each of +q units are placed along a line. A th 
charge of - qg / 4 is placed midway between them. T 
system will 
(A) bein equilibrium (B) not be in equilibrium 
(C) lose charge (D) oscillate 
Two equal and similar charges are placed along a strais 
line. A third equal and similar charge is placed midw 
between the two charges. Then, system will 


ms Pian Fay AES a i tie gr he ch 


Er sa dass 


(A) bein equilibrium (B)_ not be in equilibrium 

(C) lose charge (D) oscillate 

Two equal and similar charges are placed along a straight 
line. A third charge equal but opposite to the other two 
charges is placed midway between them. The system will : 
(A) bein equilibrium (B) not be in equilibrium 

(C) lose charge (D) oscillate 

Point charges +4 g,— q and +4 q are kept on the X-axis at 
points x = 0, x = a and x = 2 a respectively. 

(A) Only — q is in stable equilibrium. 

(B) None of the charges is in equilibrium. 

(C) All the charges are in unstable equilibrium. 


POG OUM TM Ree ic Ts ENP a Aoege 


21. 


..(D). All the charges are in stable equilibrium. 
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(C.B.S.E. 1992) 
Two equal negative charges — q are fixed at the points 
(0, a) and (0, — a) on the Y-axis. A positive charge Q is 
released from rest at the point (2 a, 0) on the X-axis. The 
charge Q will 

(A) execute simple harmonic motion above the origin. 
(B) move to the origin and remain at rest. 

(C) move to infinity. 

(D) execute oscillatory but not simple hamonic motion. 
(LLT. 1983) 


Chapter2. Electric Field 


TL. TEXT-BASED QUESTIONS 


In SI, unit of electric field is 

(A) Am! (B) NC} 

(Cc) Cm! (D) Cm? 

The strength of the electric field is such that an electron of 
charge e placed inside it experiences an electric force equal 
to its own weight mg. The strength of the field is given by 
(A) e/mg (B) mg/e 

(C) mge (D) cannot be found. 

A cube of side b has a charge q at each of its vertices. The 
electric field due to this charge distribution at the centre 
of the cube will be 


a q 1 q 
A fe es B SE eh 
ae Ant bP 40& 207 
LiringtG 
(C) "31 (D) zero 
4 Eq 


(Karnataka Entrance, 1994) 
Three charges each of +q are placed at the three vertices 
of an equilateral triangle. If the distance of centroid from 
each vertex of the triangle isr, then strength of electric field 
at the centroid will be 


Gal Wenner’ ach (By ote 
ANE FT Ame 1 
(cfu vibe tht (D) zero (C.PM.T. 1985) 


A given charge situated at a certain distance from an 
electric dipole of very small length along its axial line 
experiences a force F. If the distance of the charge is 
doubled, the force on charge will become : 

(A) 2F (B) F/2 

(C) F/4 (D) F/8 (M.N.R. 1998) 
The number of electrons to be put on a spherical conductor 
of radius 0-1 m to produce electric field of 0-36 N C~! just 
above the surface is 


(A) 2-7 x 10° (B) 2-6 x 10° 

(C) 25x 10° (D) 24x 10° (A.FM.C. 1994) 
Due to the dipole shown in the figure, the electric intensity 
will be parallel to the dipole at the point 


+9 
| 
| 
-q +4 
QO 4- 
A ie) B P 
(A) Q (B) P 


(C) Both P and Q (D) neitherP,norQ «= 
‘a . (Roorkee, 1976) 
A point Q lies on the perpendicular bisector of an electric 


dipole of dipole moment p. If the distance of Q.from the 


10. 


11. 


12. 


13. 


14. 


ria a 


dipole is r (much larger than the size of the dipole), then 
the electric field at Q is proportional to 

(A) pl and r? (B) pand r? 

(C) p? and r3 (D) p and r (C.B.S.E. 1998) 
An electric dipole of moment p is placed in the position of 
stable equilibrium in a uniform electric field of intensity 
E. The torque required to rotate, when the dipole makes an 
angle 6 with the initial position is 

(A) pEcosé (B) pEsin@ 

(C) ptané (D) pcos é (CE:7: 1999) 


ea 
Torque acting on electric dipole of dipole moment p placed 


% 
in uniform electric field E is 


wr4 <i ax 3 OF 
(A) pxE (B) p.E 
(C) px(Ex p) (D) E. p/p? (C.B.S.E. 2001) 


When an electric dipole is placed in a uniform electric field, 
it experiences 

(A) force only. (B) torque only. 

(C) both force and torque. 

(D) neither a force, nor a torque. 


A dipole of electric dipole moment ? is placed in a uniform 


> > 
electric field of strength E . If is angle between p and E, 


then potential energy of the dipole becomes largest, when 
0 is 

(A) zero (B) 2/4 

(C) 2/2 (D) x (C.E.T. 1998) 
The figure shows electric lines of force emerging from a 
charged body. If the electric fields at points A and B are Ey 
and E, respectively and the distance between points A and 


B is r, then 
(A) E,>Ep = 
(B) E,<Ep Fir a LT 
(C) E, =E, 


(D) cannot be predicted. .’ 

pg (C.P.M.T. 1980) 
A metallic solid sphere is placed ina uniform electric field. 
The lines of force follow the path (s) shown in figure as : 


ake) 


(A) 1 (B) 2 

(C) 3 (D) 4 (LLT. 1996) 

15. Figure gives electric lines of force due to two charges q, and 
qn. What are the signs of the two charges ? 


(A) Both are negative. 
(B) Both are positive. 
(C) q, is positive but q, is negative. 
(D) q, is negative but q, is positive. 


PART Il. THOUGHT-BASED QUESTIONS 


16. A positively charged ball hangs from a silk thread. We put 


(C.B.S.E. 1994) 


F 
a positive test charge q, at a point and measure —_ . Then, 


0 
it can be predicted that the electric field strength E 


F F 
(Alaa (Bi) =re 
90 40 
F 
(C) ics (D) cannot be predicted. 


(C.P.M.T. 1989) 

17. A stationary charge produces : 

(A) an electric field only. 

(B) a magnetic field only. 

(C) both electric and magnetic fields. 

(D) an electromagnetic wave. 
18. A proton and an electron are placed in a uniform electric 

field. Then, 

(A) the electric forces acting on them will be equal. 

(B) the magnitudes of the forces acting on them will be 

equal. 
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(D) the poet remeree a fee Secienatont will be woe ; 

A small metal ball is suspended in a uniform electric field 

with the help of an insulated thread. If high energy X-ray 

beam falls on it, 

(A) the ball will be deflected in the direction of field. 

(B) the ball will be deflected opposite to the direction of 
field. 

(C)_ the ball will not deflect at all. z 

(D) the ball will fly to infinity. (LLT. 1983) 

A charged wire is bent in the form of a semicircular arc of 

radius a. If charge per unit length is A C m 1, the electric 

field at the centre O is: 


A A 
(Aes (B) —;—— | 
20 Eo a 4° ea : 
(C) : (D) zero. (C.B.S.E. 2000) 
27 Eg a 


Which of the following figures cannot possibly represent 
electrostatic field lines ? 


Sila 
SR 


(ii) | (iv) 


(A) (i), (ii), (iii), (iv) 
(C) (i), @ii), Gv) only 


(B) (i), (ii), (iii) only 
(D) (ii), (ii), (iv) only 
(Karnataka Entrance, 1991) 


Chapter 3. Electric Potential 


PART L TEXT-BASED QUESTIONS 


1. The work done in carrying a charge O once round the circle 
of radius r with charge Q at the centre of the circle is 


ST Pee erctin dedi eieeie 
4a Eo rT 4a Eo 10 
(C). zero (D) ae (A.LIL.M.S. 1982) 
r 


2. . In the electric field of a point charge q, a certain charge is 
carried from point A to B, C, D 
and E. Then, the work done 
(A) is least along the path AB. 
(B) is least along the path AD. 
(C) is zero along any one of the 

paths AB, AC, AD and AE. 
(D) is least along AE. 
(N.C.E.R.T. 1987) 

3. In the electric field of a point charge q shown, a charge is 
carried from A to B and from A 
to C. Compare the work done. 
(A) Work done is greater along 

the path AC than along AB. 
(B) Work done is the same in 
both the cases. 


(C) Work done is greater along the path AB than along AC. 
(D) Work done is zero in both the cases. (N.C.E.R.T. 1986) 
Two small spheres each carrying a charge g placed r metres 
apart repel each other with a force E If one of the spheres 
is taken around the other one in a circular path of radius r, 
the work done will be 


(A) Fxr (B) Fx2ar 
(C) ° (D) zero 
227 


(C.PM.T, 1991, 1975 ; N.G.E.R.£. 1983) 
The electric potential at the surface of an atomic nucleus 
(Z = 50) of radius 9-0 x 10715 m is 
(A) 80V (B) 8x 10°V 
(C) 9V (D) 9x10°V_ (C.PM.T. 1990) 
If a charge is moved against the Coulomb force of an 
electric field, 
(A) work is done by the electric field. 
(B) energy is used from some outside source. 
(C) the strength of field is decreased. 
(D) the energy of the system is decreased. 

(N.C.E.R.T, 1978) 

A helium ion and a hydrogen ion are accelerated from rest 


.through a potential difference V to velocities v, and v, 


respectively. If the helium has lost one electron, the ratio 
V4/ Vy is 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


(D) /2 


A particle A has charge +q and particle B has charge + 4 g 
with each of them having the same mass m. When allowed 
to fall from rest through the same electrical potential 
difference, the ratio of their speeds v,/vp will become 
(A) 2:1 (B) 1:2 
(@ide (D) 4:1 (M.N.R. 1991) 
A ball of mass 1 g carrying a charge 10° C moves from a 
point A at potential 600 V to a point B at zero potential. The 
change in its K.E. is 
(A) —6~x 10% erg (B) -6x 10°J 
(C) 6x 10°] (D) 6x10 erg (Roorkee, 1988) 
A hollow metallic sphere of radius 10 cm is charged, such 
that potential of its surface is 70 V. The potential at the 
centre of the sphere would be 
(A) 0V (B) 7V 
(C) 70V (D) 700 V 

(A.EM.C. 1995 ; similar L.£.T. 1993 ; M.N.R. 1990) 
In SI, unit of electric field is: 
(A) Cm? (B) Am! 
(qyevim (D) Cm! 
A charge of 5 wC experiences a force of 2 N in an electric 
field. The potential gradient at that point is 


(A) 04NC1 (B) 4x 10°NC1 

(C25 x10 oN Ce (D) cannot be found. 

The variation of potential (in volt) with distance (in metre) 
from a fixed point is as shown in the figure. The electric 
field at r= 5 mis equal to 


(A) 25Vm! 
(B) -25V m1 | so 
(C) 0-6 V m1 NaS 
-1 
(D) -06Vm OnalneeunSaie4akiSe 6 
(N.C.E.R.T. 1973) oo 


Let V be the electric potential at a given point. Then, the 
electric field E, along X-direction at that point is given by 


(A) | V dx (B) vad 

i 
O.-— wy v= 
dx dx 


(Karnataka Entrance, 1986) 
If the electric field in a given region is zero, the potential 
in that region 
(A) can only be zero throughout the region. 
(B) can only be uniform throughout the region. 
(C) can be zero or uniform throughout the region. 
(D) cannot be uniform throughout the region. 
In the direction of electric field, the electric potential 
(A) decreases. (B) increases. 
(C) remains unchanged.(D) becomes zero. 
There is an electric field E in X-direction. If the work done 
in moving a charge of 0-2 C through a distance ot 2 m along 
a line making an angle 60° with X-axis is 4 J, then what is 
the value of E ? 


(A) JV3NC! 
(Cc) 5NC-! 


(B) 4NC1 
(D) 20NC! 

(CoE L192 ; CiBioet,, 1999) 
In bringing an electron towards another electron, the 
electrostatic potential energy of the system : 


19. 


21. 


22s 


23. 


24. 


25§ 


26. 


DD i 


28. 


(© remains unc anged. (D) becomes zero. 


(C.B.S.E. 1999) 
Identical charges (— q) and placed at each corner of a cube 
of side b. Then the electrostatic potential energy of charge 
(+ q) placed at the centre of the cube will be 


(A) 5 2s wy 82 
Tl EQ IE Eq b 
4q° 8/2 q° 
Ce D 2B 3 
(C) sabre (D) Pee (C.B.S.E. 2002) 


PART IL. THOUGHT-BASED QUESTIONS 
20. 


Can a body have charge and still be at zero potential ? 

(A) Yes, always. (B) Yes, but not always. 

(C) Never 

(D) Depends upon the nature of the charge. 

Can a body have electric potential and still be uncharged ? 

(A) Yes, always. (B) Yes, but not always. 

(C) Never 

(D) Depends upon the type of the potential. 

In the electric field of a point charge +q at point » acharge 

is carried from point A to B along the 

diameter and then along the curved 

path APB. Then work done 

(A) along path APB is more. A B 

(B) along path AB is more. 

(C) along two paths is equal. 

(D) is zero in both cases. O 

Some charge is being given to a conductor. Then its 

potential is 

(A) maximum at surface 

(B) maximum at centre 

(C) same throughout the condutor 

(D) maximum some where between the surface and centre. 
2 (C.Bi5,E.72002) 

A solid conducting sphere having a charge Q is surrounded 

by an uncharged concentric conducting hollow spherical 

shell. Let the potential difference between the surfaces of 

the solid sphere and that of the outer surface of the hollow 

shell be V. If the shell is now given a charge —3 QO, the new 

potential difference between the same two surfaces is 

(A) V (B) 2V 

(C) 4V (D) 2 (LL.T. 1989) 

The electric potential V at any point x, y, z (all the 

coordinates are in metres) in space is given by V = 4 x* volt. 

The electric field at the point (1 m, 0, 2 m) in volt metre“! 

(A) 8 along negative X-axis. 

(B) 8 along positive X-axis. 

(C) 16 along negative X-axis. 

(D) 16 along positive X-axis. (LIT. 1989) 

A uniform electric field pointing in positive X-direction 

exists in a region. Let A be the origin, B be the point on 

the X-axis at x = + 1 cm. Then the potentials at points A, B and 

C satisfy: , 

(A) V,<Vp, (B) V,>Vpz 

(C) Va<Voc (D) Va>Ve (LIT. 2001) 

Two equal point charges are fixed atx =-—aandx=+aon 

the X-axis. Another point charge Q is placed at the origin. 

The change in the electrical potential energy of Q, when 

it is displaced by a small distance x along the X-axis, is 

approximately proportional to 

(A) x (B) x? 

(cy > (D) 1/x (LLT. 2001) 

When the separation between two charges is increased, the 

electric potential energy of the system 


29. 


30. 


31. 


‘(C) remains the same 


(D) may increase or decrease. 
Three charges Q, + q and + q are placed at the vertices of a 
right angled isosceles triangle as shown. The net electro- 
static energy of the configurationis 

zero, if Q is equal to 


—4 
A 
ae 1+a2 
(B) iE 
(C) -2q 
(D) +q (I.1.T. 2000) +4 +4 


Which of the following quantities do not depend upon the 

choice of the zero of electric potential or zero of electric 

potential energy ? 

(A) potential at a point. 

(B) potential difference between two points. 

(C) potential energy of a system of two point charges. 

(D) change in potential energy of a system of two point 
charges. 

Two identical thin rings, each of radius R metre are 

coaxially placed at distance R metre apart. If q, and q, 

coulomb are respectively the charges uniformly spread on 

two rings, the work done in moving a charge q from the 

centre of one ring to that of the other is 

(A) zero- 


(B) (V2-1)q(q, -—q2)/V242€)R 
(C) V2 q(q,4+42)/42e)R 


(D) (V2 +1)4(q, +92)/V2427e)R (LT. 1992) 


: 


E pointing co-parallel to the positive direction of X-axi 
The cordinates of the points P, Q, R and S are (a, b, 0 
(2.a, 0, 0), (a, —b, 0) and (0, 0, 0) respectively. The work don 
by the field in the above process is given by the expressio 


(A) qEa (B) -—qEa 
(C) qEa V2 (D) gE y(2a)? +0" 


(LLT. 1985 
33. A charge +q is fixed at each of the points x = x9, xp = 3 % 
HS BX aeons to © on the X-axis and a charge — q is fixed 
each of the points x= 2x, x =4x,),x=6X%y eatayne to ©. Her 
X, 1s a positive constant. Take the electric potential at 
point due to a charge Q at a distance r from it to b 

1 4Q 


*—. Then, the potential at the origin due to th 
4x Eo Tr 


above system of the charges is : 
1 
(A) 0 (B) ad 
40 €) 2X9 log, 2 
TL Qa cee. 
4x Eg ° XO 


(C) (D) 
(LT. 199. 


Chapter 4. Gauss’s Theorem 


PART I. TEXT-BASED QUEST. IONS 


1. 


The electric flux through a hemispherical surface of radius 


- R placed in a uniform electric field E parallel to the axis 


of the circular plane is : 
(A) 2aR)E (B) @R*)E 


(C) [20R°|E (D) [20° |E 
3 3 
A cylinder of length L and radius R is placed in a uniform 


electric field E parallel to the axis of the cylinder. The total 
electric flux for the surface of the cylinder is given by 


(A) (27 R2E (B) (2a RL)E 
(C) 2a7R(R+L)E (D) zero. 


A point charge +q is placed at the mid point of a cube of 
side L. The electric flux emerging from the cube is 


cay (By 
Eo ie ‘' 6 £0 
6q12 
(Cc) ae ©) (D) zer0. (C.B.S.E, 1996, 1993) 
0 


A charge q uct is ah erty rH: ae centre of a cube of side 
0-1 m. Then the electric flux diverging from each face of 
this cube is 926 TDG SOME 


x 1078 ae Es ies 
t (A) 4 10 ta} (B): ay x 10) 
24 €o:. ot) Ep 
¥ aegis Og ¢ Ag jails Pa lie '6IL4at] Gy $Ty 2 «] 
(C) oe (D) poe -©(C.B!S.E.2001) 
0 OAs et Ss VOr tp « ah STUY Ae 


5. An electric charge q is placed at one of the corner of a cub 
of side a. The electric flux on one of its faces will be 


(A) g/a& (B) as a 


(C) q/4%€,@ (D) wees (C.B.S.E. 2000, 199¢ 


24€ 


6. Gauss’s theorem : 
(A) does not hold, if the closed surface encloses a discre' 
distribution of charges. 
(B) does not hold, if the closed surface encloses a line, 
surface or a volume charge distribution. 
(C) holds, if the surface encloses a point charge only. 
(D) holds, irrespective of the form in which charges a1 
enclosed by the closed surface. 
7. Electric field varies as r-> due to: 
(A) a point charge. (B) an infinite line charge. 
(C) an electric dipole. . 
(D) an infinite plane sheet of charge. 
8. Electric field varies as r! due to 
(A) a point charge. (B) a quadrupole. 
» (C) ‘an‘infinite line charge. 
(D) an infinite plane sheet of charge. 
9. The electric field inside a spherical shell of unifor 
““surface charge density is 
‘(A) zero. 
“© (©) non-uniform. 
(D) proportional to distance from the centre. 
10. A spherical shell of radius R has a charge +q units. Th 
‘electric field due to the shell at a point : 


(B) uniform. 


A) d varies as r outside it. 
(B) inside is constant and varies as r~2 outside it. 
(C) inside is zero and varies as r~* outside it. 

(D) inside is constant and varies as 1! outside it. 
A sphere of charge of radius R has uniform volume charge 
density. The electric field due to the sphere of charge at a 
point : 
(A) inside varies as r~? and as r outside it. 
(B) inside varies as r and as r~? outside it. 
(C) inside is zero and varies as r outside it. 
(D) inside is constant and varies as r~ outside it 
A hollow insulated conducting sphere is given a positive 
charge of 10 ~C. What will be the electric field at the centre 
of the sphere, if its radius is 2 m ? 
(A) zero (B) 5uCm~? 
(C) 20uCm~ (D) 32 uC m~? 

(C.B.S.E. 1998) 


Lil, THOUGHT-BASED QUESTIONS 


A charge q is placed at the corner of a cube of side a. The 
electric flux through the cube is : 
(A) g/£ (B) 4/3 & 
(C) q/6€, (D) 4/8 €, 
If the eletric flux through a closed surface is zero, then 
(A) the electric field must be zero everywhere on the 

surface. 
(B) the electric field may be zero everywhere on the surface. 
(C) the charge inside the surface must be zero. 
(D) the charge in the vicinity of the surface must be zero. 
An electric dipole is placed inside a hollow sphere at its 
centre. Then, 
(A) the electric flux through the sphere is zero. 
(B) the electric field is zero at every point on the surface of 
the sphere. 
the electric field is non-zero at every point on the surface 
of the sphere. 
the electric field is non-zero at every point on the surface 
of the sphere. 
A capacitor of capacitance C is charged to a potential V and 
is placed inside a closed surface. The electric flux through 
the closed surface is 
(A) CV/e, (B) 2CV/e, 
(C) CV/2€, (D) zero 
An ellipsoidal cavity is carved within a perfect conductor 
as shown in figure. A positive charge q is placed at the 
centre of the cavity. The points A and B are on the cavity 
surface. Then, 
(A) electric field near A in the cavity 

= electric field near B in the cavity 


Chapter 5. 


(C) 


(D) 


I. TEXT-BASED QUESTIONS 


In SI, unit of permittivity is : 

(A) Fm (B) Nm*C? 

(Cc) Nm?c! (D) Am! 

The capacitance of the earth viewed as a spherical 
conductor of radius 6408 km is 

(A) 980 uF (B) 1424 uF 

(C) 712 uF (D) 600 uF (C.P.M.T. 1992) 
N identical spherical drops charged to the same potential 
V are combined to from a big drop. The potential of the 
new drop will be 

(A) V (B) V/N 


(Cc) VN (D) VN2/3 (Karnataka, 2000) 
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19. 


20. 


21. 


22. 


23. 


24. 


(C) potential at A = potential at B 
(D) total electric field flux through the surface of the cavity 
is q/Ep. (I.L.T. 1999) 


A metallic particle having no net charge is placed near a 

positively charged metal plate having finite size. The 

electric force on the particle will be 

(A) towards the plate. (B) away from the plate. 

(C) parallel to the plate. (D) zero. 

If one penerates a uniformly charged sphere, the electric 

field strength E 

(A) increases. (B) decreases. 

(C) remains the same as at the surface. 

(D) is zero at all points. (C.P.M.T. 1991, 1980) 

A non-conducting solid sphere of radius R is uniformly 

charged. The magnitude of the electric field due to the 

sphere at a distance r from its centre 

(A) increases as r increases, for r << R. 

(B) decreases as r increases, for0<r< © 

(C) decreases as r increases, for R < r< ©. 

(D) is discontinuous at r = R. (LLT. 1998) 

Potential at any point inside a charged hollow sphere 

(A) increases with distance. 

(B) is a constant. 

(C) decreases with distance from centre. 

(D) is zero. (Karnataka Entrance, 1990) 

A hollow metal sphere of radius 5 cm is charged, such that 

the potential on its surface is 10 V. The potential at the 

centre of the sphere is 

(A) 0V (B) 10V 

(C) same as at a point 5 cm away from the surface. 

(D) same as at a point 25 cm away from the surface. 
(M.N.R. 1990 ; LLT. 1983) 

A hollow sphere of charge does not produce an electric 

field at any 

(A) interior point (B) outer point 

(C) beyond 2m (D) beyond 10 m.(M.N.R. 1985) 

The force between the plates of a parallel plate capacitor 

of area A, capacitance C and having charge q will be 


(A) q7/2e,A (B) -q?/2e,A 
(C) q*/4e,A (D) -q7/4e,A 
(A.F.M.C. 1998) 
Capacitors 
4. A capacitor having capactiance of 2F has a charge of 14C 


on its plates. If the charge on the plates is changed to 2 uC, 

the new capacitance of the capacitor is 

(A) 4uF (B) 2uF 

(C) 1uF (D) 0- uF (C.E.T. 1998) 

A parallel plate capacitor is charged. If the plates are pulled 

apart, 

(A) the potential difference increases. 

(B) the capacitance increases. 

(C) the total charge increases. 

(D) the charge and the potential difference remain the same. 
(Karnataka Entrance , 1987) 

The capacitance of a parallel plate capacitor increases with 

(A) decrease of its area. 

(B) increase of its distance. 


10. 


11. 


12. 


13. 


(C) increase of its are ee 
(D) decrease of its distance. (A.EM.C. 1995) 
When air is replaced by a dielectric medium of constant K, 
the maximum capacitance of the capacitor 
(A) increases K times (B) remains unchanged 
(C) increases K* times (D) decreases K times 
(Karnataka Entrance ; 1994 ; N.C.E.R.T. 1990) 
A parallel plate capacitor with oil between the plates 
(dielectric constant of oil, K = 2) has a capacitance C. If 
the oil is removed, then capacitance of the capacitor 
becomes : 


A 2.c (Bie Cc 


(C) C/V2 (D) C/2 (C.B.S.E. 1999) 
Two spherical conductors A and B of radii a and b (b > a) 
are placed concentrically in air. A is given a charge + Q, 
while B is earthed. Then, the equivalent capacitance of the 
system is : 


a 
(A) 4m e9 
(B) 47 & (a + b) 
(C) 42&,b 

b2 
(D) saa ay 


—> 
The magnitude of electric field E in the annular region of 


a charged cylindrical capacitor 

(A) is same throughout. 

(B) is higher near the outer cylinder than near the inner 
cylinder. 


1 
(C) varies as Fil where r is the distance from the axis. 


1 
(D) varies as —; , where ris the distance from the axis. 
if 


(LLT. 1996) 
There are 10 capacitors each of capacitance 5 “uF. The ratio 
between maximum and minimum capacitance that can be 
obtained from these capacitors is : 
(A) 51 (B) 10:1 
(C) 50:1 (D) 100:1 
What is the equivalent capacitance of the following 


circuit ? 15 UF 

(A) 1 uF 

orm tot 
(C15 uF ihe ied 
(D) 3 uF (A.EM.C. 1998) sel 


Seven capacitors each of capacitance 2 uF are connected in 


10 
a configuration to obtain an effective capacitance of 77 zF 


Which of the combination(s) shown in the BAe ‘will 
achieve the desired result ? 


20. 
S00 Se 
(A) (8) 


21. 


-<e-venn ann 


(C) (D) 


15. 


16. 


We 


18. 


19. 


parallel with one such more identical capacitor Ther 
capacitance of the whole combination is 


(A) 3C (B) sc 


(D2 


(Karnataka Entrance, 1992, 1 
For the arrangement of the capacitors as shown in fig 


© 2c 
4 


net capacitance between points 


A and Bis: iene 
(A) 1-7 uF 
(B) 2-33 uF 2 UF 
(C) 2-8 uF 


Two capacitors of capacitances C, and C, are connecte 
parallel. If a charge q is given to the remit the ch 
gets shared. The ratio of the charge on the capacitor ( 
the charge that on C, is: 

(A) C,/C, (B) C,/C, 

(C) CC, (D) 1/C,C (EL 


A capacitor of capacitance C, is charged upto potenti 
and then connected in parallel to an uncharged capa 
of capacitance C,. The final potentail difference ac 
each capacitor will be : 


Pitre (By 1 
CG, +Co C, +Co 
Cy 
(C) |1+ V (D ——+|V. (C.B.SiE. 2 
= | ' 


An isolated capacitor of unknown capacitance has k 
charged to a potential difference of 100 V. When 
charged capacitor is connected in parallel to an unchai 
10 “F capacitor, the voltage across the combination is < 
The unknown capacitance is closer to 

(A) 1-6 uF (B). 2uF 

(C) 4:3 uF (D) 6 2uF (GE. I 
Four capacitors of 25 uF each are connected as show 
figure. If the d.c. voltmeter reads 200 V, charge on each 5 


of the capacitor is : 


(A) 2x 10°C (B) 5x 10°C 

(Q),2%107.C (D) 5x 107C 

In a charged capacitor, the energy resides 

(A). on the positive plate. 

(B) on both the positive and negative charged plates. 

(C) in the field between the plates. 

(D) around the edge of the capacitor plates. 
(Karnataka 2000 ; J.I.P.M.E.R. 1 

The energy stored in a capacitor of capacitance C 

potential V is given by 


(C. BSB. 1. 


1 2 1 ys 
— —CV 
(A) 5a V (B) 
i " Vee oe 
(C) ‘enue (D) he Vv (C.B.S.E. 1 


¥ irged by a 50 V battery. How much 
dectrostate « energy is stored by it ? 
(A) 6-7 x 10-7J (B) 8-7 x 10-7J 
(C) 13-6 x 10-9 J (D) 17-0 x 10-8] 

(A.E.M.C. 1997) 

A capacitor of capacitance 10 uF was originally charged to 
10 V. Now, the potential difference is increased to 20 V. The 
increase in potential energy is 
(A) 4x 10+) (B) 10x 10+J 


(C) 15x 10+] (D) 5x 10+) (C.E.T. 1999) 
Two identical capacitors are joined in parallel, charged to 
a potential V, separated and then are connected in series 
i.e. the positive plate of one is connected to the negative of 
the other. Then, 
(A) the charges on the free plates connected together are 
destroyed. 
the charges on the free plates are enhanced. 
the energy stored in the system increases. 
the potential difference between the free plates 
becomes 2 V. 

(Karnataka Entrance, 1993 ; N.C.E.R.T. 1973) 
A 4uF capacitor is charged to 400 V. If its plates are joined 
through a resistance of 2 kQ, then heat produced in the 
resistance is : 
(A) 0-16] (B) 0-32 J 
(C) 0-64] (D) 1-28J (C.B.S.E. 1995, 1994) 
A copper slab of thickness ft is inserted between the plates 
of a parallel plate capacitor, such that t is half of the 
separation between the plates. The ratio of the capacitances 
of the capacitor before and after the introduction of the 
copper slab is : 


(B) 
(C) 
(D) 


(B) V2:1 


(A) etd 


(C) 1: V2 (D) 1:2 
A metal foil of negligible thickness is introduced between 
two plates of a capacitor at the centre. The capacitance of 
capacitor will be: 
(A) same (B) double 
(C) half (D) K times (LLT. 1982) 
A parallel plate capacitor is charged and the charging 
battery is then disconnected. If the plates of the capacitor 
are moved further apart by means of insulating handles, 
(A) the charge on the capacitor increases. 
(B) the voltage across the plates increases. 
(C) the capacitance increases. 
(D) the electrostatic energy stored in the capacitor 
increases. (LLT. 1987) 
A parallel plate air capacitor is connected to a battery. The 
quantities charge, voltage, electric field and energy 
associated with capacitor are given by Q, V,,E, and U, 
respectively. A dielectric slab is now introduced to fill the 
space between the plates with battery still in connection. 
The corresponding quantities now given by Q,V, E and U 
are related to the previous ones as : 
(A) Q>Q, (B) V>V, 
(C) E>E, (D) U>U, 
Van de Graaff generator is used to 


(A) measure high potential difference. 
(B) produce high d.c. potential. 


(LLT. 1985) 


31. 


“Wag. 


34. 


3D. 


36. 


37. 


38. 


() peduc fe a.c. pc 


8 
(D) compare high d.c. pot 


The accumulation of charge on clouds, which produces 

lightning, i is caused by 

(A) rain drops changing into electrons. 

(B) the electric field of the earth. 

(C) ionisation by the sun. 

(D) electrification due to motion of water molecules. 
(Karnataka Entrance 1985 ; similar 1987) 


PART LI. THOUGHT-BASED QUESTIONS 
32. 


In a guard ring capacitor, the purpose of the guard ring is 

(A) to increase the capacitance. 

(B) to decrease the capacitance. 

(C) to increase the effective area of the capacitor. 

(D)_ to avoid the variation of the electric field intensity at 
the edges. (Karnataka Entrance, 1992, 1989) 

Two identical metal plates are given positive charges q, and 

Gz ( < qy) respectively. If they are now brought close 

together to form a parallel plate capacitor with capacitance 

C, the potential difference between them is 

(A) (q, fa Gy)/2 @ (B) (9, ty qn) /C 

Two identical capacitors have the same capacitance C. One 

of them is charged to potential V, and the other to V,. The 

negative ends of the capacitors are connected together. 

When the positive ends are also connected, the decrease in 

energy of the combined system is 


1 
(a) GCWP-V) — B) CWP +2") 


(C) OM, —V,)? (D) . CV, +V;)? (LLT. 2002) 
Two capacitors with capacitances C, and C, are charged to 
potentials V, and V, respectively. When they are connected 


in parallel, the ratio of their respective charges is 
(A) C,/C, (B) V,/V> 


(COMMA V5 (D) C,?/C,? (Karnataka, 2000) 
A dielectric slab of thickness d is inserted in a parallel plate 
capacitor, whose negative plate is atx = 0 and positive plate 
is at x = 3 d. The slab is equidistant from the plates. The 
capacitor is given some charge. As x goes from 0 to 3 d, 
(A) the magnitude of the electric field remains the same. 
(B) the direction of the electric field remains the same. 
(C) the electric potential increases continuously. 
(D) the electric potential increases at first, then decreases 
and again increases. (LIT. 1998) 
Five capacitors each of 10 wF capacitance are connected as 


shown to a source of e.m.f. The <> 
B 


equivalent capacitance bet- 


weer points A and Bis: A 
(A) 40 uF 
(B) 20 uF x |X 
(GC) 502k desl 
(D) 10 uF i|F 
100 V S 


(CET. 1999; C.PHET. 1997, TISS) 
What is the effective capacitance between points X ar.d Y ? 


6 UF 


(Rarndtake Entrance, 1992, 1989) © ‘sai 


39, 


40. 


41. 


42. 


43. 


44, 


45. 


aK pis 
(A) 24 uF (B) 18 uF 
(C) 12 uF (D) 6 uF (GE: B.3.; 1999) 
Find the effective capacitance between points A and B in 
the following figure, if C, 

C, = Cs, Cy = C5 =4 uF 


and C, = 10 uF: C, C, C, 
(A) 8uF A cat B 
(B) 6uF | | 
(C) 2:5 uF 

(D) 4uF 


The net capacitance of system of capacitors in figure 
between points A and B is: 2uF 


A 
A) 1yuF 
wee 1uF 
(B) 2uF au 1uF 
(C) 3uF 
7 lords 

(D) 4uF 2uF 

(M.N.R. 1987) 


The equivalent capacitance between the points A and B 
in the following figure will be : 


(A) 9 uF 3uF S3yuF | 3yuF 

(B) 1uF A B 
(C) 45 uF 

(D) 6uF (C.P.M.T. 1985) 


Four metallic plates each with a surface area of one side A 
are placed at a distance d apart from each other. The two 
inner plates are connected 
to point B and the other 
two plates to another 
point A as shown in 
figure. Then, the capaci- 
tance of the system is : 


Eo A 2 Eo A 
(A) nee (B) d 

3 Eo A 4 Eo A 
(C) F (D) d 


Four metallic plates, each with a surface area of one side 
A are placed at a distance d from each other. The alternate 
plates are connected to 

points A and Basshown -——~< B 
in figure. The equivalent >— 
capacitance of the : 
system will be: 


A 24 t=) A 

(A) way (B) d 
3&9 A 4€ A 
(C) ey (D) Cai 


A solid sphere and a hollow sphere of equal diameters are 
raised to the same potential. Then, 
(A) hollow sphere has more charge. 
(B) both have equal charge. 
(C) only hollow sphere has charge. 
(D) solid sphere has more charge. 

(Karnataka Entrance, 1994 ; similar I.L.T. 1974) 
Two spherical conductors A and B of radii a and b (b > a) 
are placed concentrically in air. B is given a charge + Q and 
A is earthed. The equivalent capacitance of the system is : 


46. 


47. 


48. 


49. 


50. 


(B) 42€9 (a+b) s 
(C) 47€,b B 


b2 
(D) 42 Eo ee 


A capacitor is charged by connecting a battery across 

plates. It stores energy U. Now the batery is disconnec 
and another identical capacitor is connected across it. 
the energy stored by both capacitors of the system will t 
(A) U (B) U/2 
(C) 2U (D) 3U/2 (C.B.S.E. 200 
Ina parallel plate capacitor, the distance between the plat 
is d and potential difference across plates is V. Energ 
stored per unit volume between the plates of capacitor; 


(A) ave (B) 3 £0 

bai? 13 ai WE | 
Qwrs D) —€&— C.B.S.E. 200: 
(C) 2 ey (D) 5 0G ( 


A dielectric is placed inbetween the two parallel plates ¢ 
a capacitor as shown in figure. The dielectric constant ¢ 
the dielectric is K. If the 
initial capacitance is C, 
then modified capaci- 
tance will be 

(A) KC 

(B) (K+1)C 

(C) (K+1) C/2 

(D) Gee 

A parallel plate capacitor with plate area A and separatio 
d is filled with dielectrics as shown. Its capacitance wi 
become 


€ 
(A) “7 ies (B) a(S 


(C) 


Ki Ky 
A parallel plate capacitor is filled with two dielectrics « 
shown. Area of each plate is A metre? and the separatia 
is d metre. The dielectric constants are K, and k 
respectively. Its capacitance in farad will be : 


2& A| Ki +K 
(D 0 t | 


pn 


(A) “oF (K, +Ky) (B) 


4) A Ky K, 


Eo A 
(C) LR (D) Pe 2 (Ky +K)) 


plates has a capacitance of 10 wE. The area of the cap 
is divided into two equal halves and filled with two media 
having dielectric constants 2 and 4 respectively. The 
modified capacitance is : 

(A) 10 uF (B) 20 uF 

(C) 30uF (D) 40 uF 

A parallel plate capacitor of area A , plate separation d 
and capacitance C is filled with three different dielectric / 
materials having dielec- 
tric constants K,, K, and 
K, as shown. If a single 


has harge on it, whereas B is unch : 
appearing on the capacitor B a long time after the switch 
is closed, is : 


q 
(A) zero Kaas 
(B) 4/2 Is 
i+ — 
(C) q 'R B 
(D) 2q (LLT. 2002) 


Br teceichyktdrial ia to be 54.° For the circuit shown in figure, which of the following 
statements is true ? 
used to have the same Vies0V V220V 
capacitance C in this s ls S 2a 
capacitor, then its dielec- u +| | — 3 fe + | Soh 
tric constant K is given by C,=2pF Co=3pF 
RPK Ks 2K; K K,+Ky 2K; = = 
KK (A) with S, closed, V,=15V, V, = 20 V. 
(C) K=—1~-+2K, (D) K=K,+K,+2K, (B) with S, closed, V, = Vy = 25 V. 
oe) (C) with S, and , closed, V, = V3 =0. 
(LET. 2000) (D) with S, and $; closed, V, = 30 V, V, = 20 V. 
(LLT. 1999) 
ANSWERS TO MULTIPLE CHOICE QUESTIONS __ in 
ter 1. Coulomb’s Law 
(A) 2. (A) 3. (D) 4. (C) 5. (A) 6. (A) 7. (B) 8. (B) 9. (A) 10. (C) 
(A) 12. (C) 13. (A) 14. (B) 15. (A) 16. (B) 17. (A) 18. (B) 19. (B) 20. (D) 
(D) 
ter 2. Electric Field 
(B) 2. (B) 3. (D) 4. (D) 5. (D) 6. (C) Vip (©) 8. (D) 9. (B) 10. (A) 
(B) 1225) 13. (A) 14. (D) 15. (A) 16. (A) 17. (A) 18. (B) 19. (A) 20. (C) 
(C) 
ter 3. Electric Potential 
(C) 2. (C) 3.) (Bir 4, (D) 5. (B) 6. (B) 7. (B) 8. (B) 9. (B) 10. (C) 
(C) 12. (B) 13. (A) 14-5(@) 15. (C) 16. (A) 17. (D) 18. (A) 19. (C) 20. (B) 
(B) 729d M(B) 23. (C) 24 (A) 25 (A) 26 (B) 27 (B) 28. (D) 29. (B) 30. (B&D) 
(B) 32. (B) 33. (D) 
ter 4. Gauss’s Law 
(B) ve GD), 3. (A) AaiG) 5. (D) 6. (D) 7. (C) 8.1(@ 9. (A) 10. (C) 
(B) 12. (A) 13. (D) 14. (B&C) 15. (A&D)16. (D) 17. (C&D)18. (A) 19. (B) 20. (A&C) 
(B) yeh {(5)) 2232) CA) 24. (C) 
ter 5. Capacitor 
(A) omic) 3. (D) 4. (B) 5. (A) 6. (C&D) 7 (A) 8. (D) 9. (A) 10. (C) 
(D) 12. (A) 13. (A) 14. (B) 15. (B) 16. (A) 17. (B) 18. (C) 19. (B) 20. (C) 
(B) Doe) 23. (C) 24. (D) 25. (B) 26. (D) 27. (A) 28. (B&D)29. (A & D)30. (B) 
(D) 32. (D) 33.. (BD) 34. (C) 35. (A) 36. (B&C)37. (D) 38. (D) 39. (D) 40. (B) 
(A) 42. (B) 43. (C) 44. (B) 45. (D) 46. (B) 47. (B) 48. (C) 49. (C) 50. (B) 
(C) 52. (B) 53. (A) 54. (B) 
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Electric Current, Resistance and E.M.F. 


Electrical Measurements 
Thermal Effects of Current 
Chemical Effects of Current 
Thermoelectric Effect 
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i) 


“The cell disturbs the electric field, or gives it a certain impulse. Do not ask 
in what manner : it is enough that it is a principle, and a general principle.” 
— Alessandro Volta 


Eve 


81.01. ELECTRIC CURRENT 
It is defined as the rate of flow of electric charge through any section of a wire. It is 
1oted by I. Thus, 
I= total charge flowing 


time taken 
If charge q flows in a time t through any section of a wire, then 


me (1.01) 


t 
If charge dq flows through a wire in small time dt, then 
aa 
dt 
If n carriers of electricity, each having charge e cross any section of the conductor 


ime t, then 


ne 
I= ae mda) 

The direction in which the positive charge will flow gives the direction of 
wentional current. However, in metallic conductors, free electrons are carriers 
slectricity and hence electrons constitute the electric current. Therefore, the 
ection of electronic current is opposite to that of conventional current. 

Although, a direction is associated with electric current, yet it is a scalar 
untity. The reason is that the laws of ordinary algebra are used to add electric 
rent. The laws of vector algebra do not apply to the addition of electric currents. 

Unit of electric current. The SI unit of electric current is ampere. It is also the 
ctical unit of current. It is denoted by A. 


1 coulomb (C) 


1 second (s) 
The current through a wire is called one ampere, if one coulomb of charge flows through 
wire in one second. 


81.02. DRIFT VELOCITY 

In a conductor, the atoms are quite close to each other and are strongly bound 
me another. However, valence electrons in an atom of a conductor donot remain 
ached to a particular atom. These electrons are free to move through the lattice 
D0sitive ions in the conductor. Such valence electrons in a conductor are called 
» electrons or conduction electrons. The free electrons in a conductor are always 
1 continuous random motion [Fig. 1.01]. This random motion of free electrons is 
> to thermal energy of the conductor. Likewise, the velocity of a free electron due 
hermal energy of the conductor is termed as its thermal velocity and is usually 
y large. 

Further, the number of free electrons in a conductor is very large. Due to their 
dom motion, the free electrons keep on sufferring collisions with the positive 
s in the conductor so frequently that the net flow of electrons in any particular 
ection is zero. In other words, average thermal velocity of free electrons in a 
iductor is zero. 


1 ampere (A) = =1 coulomb second (C s~) 


> 5 8S -s RE ' 
If u,,uz,uU3,.....,U, are random thermal velocities of n electrons in a 
\ductor, then their average thermal velocity i.e. 
> 5DUlUlé8 _ 
Uy tug Pus +..... Uy, =f) ...(1.03) 


nN 
177 


' Electric Current, ~ 
Resistance and E.M.F. 


The jargon..... 


The current that flows from a point at 
higher (positive) potential to a point at 
lower (negative) potential is called 
conventional current. 


The electric current has both magnitude 
and direction but it is not a vector 
quantity ! 


Self-test question —. 2 


How many electrons crossing per second 
through any section of a conductor 
constitute a current of one ampere ? 


Fig. 1.01 


Key point) — Fe 


The thermal velocities of free electrons 
are of the order of 10° m s~!. 


Key point a a 


If we consider one free electron per atom, 
then number of free electrons in | m? of 
_a/conductor is about 102”, 


~ However, when some potential difference is applied across the two ends of a 
conductor, an electric field is set up. If V is potential difference applied and I, the 
length of the conductor [Fig. 1.02], then magnitude of the electric field set up is 
given by 


Vv 

E = ¥ 3 
The direction of electric field is from positive end of the conductor to its negative 
end as shown in the figure. Since charge on an electron is — e, each free electron in 


the conductor experiences a force 
> _ 


F=-¢eE (1.04) 
in a direction opposite to the direction of electric field. If m is mass of the electron, 
then acceleration produced is given by 

era 
fe AS (1.05) 


m 

Under the effect of electric field, the free electrons accelerate and acquire a 
velocity component in a direction opposite to the direction of electric field in addition 
to their thermal velocities. However, the gain in velocity of an electron due to electric 
field takes place only for a very short time. It is because, as the electron accelerates, 
it gets scattered or deflected on suffering collision against the positive ion in the 
conductor. The electron, then starts afresh with a random thermal velocity. 

The short time, for which a free electron accelerates before it undergoes a collision with 
the positive ion in the conductor, is called relaxation time. 


os 
Therefore, if an electron having random thermal velocity u, accelerates for a 
time ft, (before it suffers a collision), then it will attain a velocity 
Se ae 
Uy =U, tat, 
> 
where the acceleration a is given by equation (1.05). Similarly, velocities 
acquired by the other electrons in the conductor will be 
a a Se 
Up =U + 479,03 =Ug + a T3, aaleters ,U, =u, ta Tt, 
The drift velocity is defined as the average velocity with which free electrons in a 
conductor get drifted under the influence of an external electric field applied across the 


SS 
conductor. It is denoted by v, . Thus, 
a > 
sae UTE U5 FU8 Fr ssnes + Uy 
OS ee 
n 
> Ul€ > 8 > Ul > C3 
_ (uy + 4 Ty) + (Uy t+ 4 72) + (Ug + a 73) + $I + (upehrane)) 


n 
i i? — 
> Uy Ug Ug t.....t+Uy 2 Ty tT 2+ TZ 4.0 tT 
Ae Peppa ab 2 wy rgthe koa bs n 


n n 
t7 + Up + 73 onsite Sty 


Now, " is called average relaxation time and is denoted 


n 
Se ES es = 
Uy tug +U3gt badey Sil 


by t. As obtained in equation (1.03), “ is equal to zero. 


n 
Therefore, the above equation becomes 
> > — 
vg=O+aT=at 
Using equation (1.05), we have 
o> 
Ai E 
Upeeeeee (1,06) 
m 


The equation (1.06) gives drift velocity of free electrons ina conductor in terms 
\of electric field and average relaxation time. 
Mg 1.03. RELATION BETWEEN DRIFT VELOCITY AND ELECTRIC 
CURRENT 
Consider a conductor of length / and uniform area of cross-section A. Then, 
volume of conductor = A/ 


-— —_— 


Key point a 


_The random motion of free electrons. dock 
not contribtue to their drift velocity. — 


e 


number of free electrons in the conductor = n Al 

__ If eis charge on an electron, then total charge on all the free electrons in the 

onductor, 

g=nAle «e(1.07) 
When a battery is connected across the two ends of the conductor, an electric 


a 
ield E is set up across the two ends of the conductor as shown in Fig. 1.03. If the 
‘lectrons drift towards the positive end of the conductor with drift velocity vz, then 
ime taken by the free electrons to cross the length of the conductor, 

l 


mays ...(1.08) 
vq 
Since current is defined as the rate of flow of charge through the conductor, 
pad 
pe 
Using equations (1.07) and (1.08), we have 
ja" Ale 
1/ Uq 
or T=nAvjie oa 109) 


The equation (1.09) gives the relation between drift velocity of free electrons 
ind the current flowing through the conductor. 
eS a ns pees Pe 


ma 1.04. ELECTRON MOBILITY 
The mobility of free electrons in a conductor is defined as the drift velocity acquired 
rer unit strength of the electric field applied across the conductor. It is denoted by uw. 
Ifv,is drift velocity attained by free electrons on applying electric field E, then 
slectron mobility is given by 
oa 


H= ;: PAT) 
Substituting for v, (= WE) in equation (1.09), we have 
I=nApEe ste Shad) 


The equation (1.12) gives the relation between electron mobility and the current 
hrough the conductor. 

From equation (1.11), it follows that in SI, the unit of electron mobility is metre* 
volt“! second=! (m? V-! s~}). 
mg 1.05. ELECTRIC CURRENT AND CURRENT DENSITY 


Consider that a current I is flowing through a conductor of area of cross-section 


— 
A. The current through the conductor can be defined in terms of a vector quantity ] 


alled current density. If the current flowing through the conductor is uniform over 


ts cross section, then current may be defined as 
a! 


I= ].A, Sed Lats 


= 
where A is area vector representing the area of cross-section of the conductor. In case 
he current flowing through the conducor is not uniform over its cross-section, then 


he current through a small area dA of the conductor is given by 
3 C8 
aL = J adA 
Hence, the current through the whole cross-section of the conductor is given 
y- 


2 FS 


1=|j.dA LAA) 


Fig. 1.03 


Further, in case current density j is nol 


A => 
conductor i.e. is j is parallel to A, then 


I=jA 
or = wa 6 FN 85) 
A 
From equation (1.09), substituting for I, we have 
j=nuvge (1.16) 
Also, from equation (1.10) and (1.15), we have 
2 
oes 1.17) 
m 
gue 1.06. OHM’S LAW 


It is the most fundamental law of electricity and was given by George Simon 
Ohm in 1828. 

It states that the physical conditions (temperature, mechanical strain, etc) remaining 
unchanged, the current flowing through a conductor is always directly proportional to the 
potential difference across its two ends. Mathematically, 

V«l 

or V=RI AT YO) 
where the constant of proportionality R is called the electrical resistance or simply 
resistance of the conductor. Its value depends upon the nature of conductor, its 
dimensions and the physical conditions. It is independent of the values of V and I. 
The graph between potential difference (V) applied across a conductor and the 
current (I) flowing through it is a straight line as shown in Fig. 1.04. 


wane 1.07. RESISTANCE OF A CONDUCTOR 


Resistance of a conductor is defined as the ratio of the potential difference applied 
across the conductor to the current flowing through it. Mathematically, 


R=~ 
I 


Unit of resistance. The SI unit of resistance is ohm. It is denoted by Q 
1 ohm (Q) ele 1 volt ampere™! (V A-}) 
lampere(A) . 

The resistance of a conductor is said to be one ohm, if one ampere of current flows 
through it, when a potential difference of one volt is applied across it. 

Cause of resistance. The resistance of a conductor implies the opposition, 
which the conductor offers to the flow of charge through it. When a potential 
difference is applied across a conductor, an electric field is set up across its two ends. 
Due to this, the free electrons get accelerated. As the electrons move, they collide 
against the ions and atoms.and their motion is thus opposed. This opposition offered 
by the ions and atoms is termed as the resistance of the conductor. 


gue 1.08. FAILURE OF OHM’S LAW 


Ohm’s law is not a fundamental law of nature. In many cases, the relation 
V=RI 
is not strictly obeyed and they lead to the failure of Ohm’s law. A few cases are as 
explained below : 

1. Current may vary non-linearly with potential difference. For a metallic 
conductor, graph between V and I is expected to be a straight line. However, the 
graph does not remain so, when the current is continuously increased through the 
conductor [Fig. 1.05]. The reason is that as current is increased, the temperature of 
the conductor rises and its resistance increases. The dotted straight line represents 
the theoretical curve, while the thick curve represents the actual V - I graph for a 
metallic conductor. 

_ 2. The variation of current with potential difference may depend upon sign of 
the potential difference applied. For a semiconductor diode or p-n junction*, the 


variation of current is different, when the sign of potential difference applied across 


it is changed. When positive terminal of a battery is connected to p-section and 
negative terminal to the n-section (forward: bias), ‘the ‘variation of current with 
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ential difference is much more rapid than what it is when applied in opposite 
iner (reverse bias). It is as shown in Fig. 1.06. 

It may be noted that in case of a semiconductor, the variation of current with 
ential difference is non-linear in addition to the fact that magnitude of variation 
ends upon the sign of potential difference applied across it. 


I (mA) > 


< REVERSE BIAS(-V) 


[e) 


3. The current may decrease on increasing the potential difference. A thyristor _.FORWARD BIAS (V) 
sists of four alternate layers of p and n-type semiconductors. The V —-I graph = oy 
th for forward and reverse bias) of a thyristor is of the type as shown in Fig. 1.07. i 
‘portion AB of the graph shows that current increases on decreasing the potential : 
erence. It may be noted that in addition to the fact that current increases with pinks 
rease in potential difference for a thyristor, the current varies non-linearly with 
ential difference and also the magnitude of the variation of current depends upon 
sign of the potential difference applied across it. | R 
so. Fil wilVil Tt 
The resistance of a conductor depends upon the following factors : i 
(i) It is directly proportional to the length of the conductor i.e. O : 
Ocul y- 
(ii) It is inversely proportional to the area of cross-section of the conductor i.e. 
1 
R« — 
A Fig. 1.07 
Combining the above two factors, we have 
R« sh 
A 
or ue ail,b9) 
A 


ere the constant of proportionality p is called electrical resistivity or specific 
stance of the conductor. Its value depends upon the nature of the material of 
conductor and its temperature. The equation (1.19) gives the resistance of a 
ductor in terms of its length, area of cross-section and resistivity of the material. 


1 
ml=1,A= 1,- then Phe or p= 


Hence, resistivity or specific resistance of the material of a conductor is the resistance 
red by a wire of this material of unit length and unit area of cross-section. 
Unit of resistivity. From equation (1.19), we have 


p=R 


2 
: tt toa de metre 
In SI, unit of resistivity = ohm x 


= ohm metre 


Therefore, SI unit of resistivity is ohm metre (Q m). 
The electrical resistivity of substances varies over a very wide range as given 


he following table : ; ; 
RESISTIVITY AT 0°C (Q m) 


MATERIAL RESISTIVITY AT 0°C (Q m) 


MATERIAL 


(a) Conductors : Semiconductors : 
Silver 1-6 x 10°8 Carbon 3:5 x 10> 
Copper 1-7 x 10°8 Germanium 0-46 
Aluminium 2-7 x 10°8 Silicon 2300 
Tungsten 5-6 x10% 
Iron 10 x 10°8 Insulators 
Platinum 11 x 10-8 Wood 108 — 1012 
Mercury 98 x 10-8 Glass 1010 — 1014 
{b) Alloys: Amber 5—-10!4 
Manganin 44 x 10° Mica 10! — 1915 
Constantan 49 x 10°8 
Nichrome 100 x 108 


The first column lists the electrical resistivity of metals. It follows that metals 
e low resistivities and they are called conductors of electricity. In the second 
mn, materials such as glass and hard rubber are about 10? to 107? times more 
istive than silver and copper. These are called insulators. Materials like carbon, 


germanium and silicon having resis 
insulators are called semiconductors. 
Mam 1.10. FACTORS AFFECTING ELECTRICAL RESISTIVITY 

The concept of average relaxation time helps in a great deal to understand the 
nature of electrical resistance. In order to do so, let us derive expression for resistance 
of a conductor in terms of average relaxation time (7), electron density (7), etc. 

Consider a conductor having length / and area of cross-section A. Let n be 
number of electrons per unit volume in the conductor. If an electric field E is applied 
across the two ends of the conductor, then drift velocity (in magnitude) of electrons 
is given by 


eE ; 
v= 
am 
The current flowing through the conductor due to drift of electrons is given 
by 
Il=nAvge 
Substituting for v, in the above equation, we have 
E 
I=nA = "| 2 
Lm 
2 
or joe 1.1.20) 
m 
If V is potential difference applied across the two ends of the conductor, then 
Substituting for E in equation (1.20), we have 
ett Ae*Vt 
ea! 
Vv ml 
or ee era 
I ne*tA 
But according to Ohm’s law, he =R, the resistance of the conductor. 
ae he) 
R= ae sash Eel) 
ne>t A 
Comparing the above result with the expression for resistance obtained earlier 
1.€. 
tine 
Fae 
it follows that resistivity of the material of a conductor is given by 
m 
p = 
nigare pee) 2) 


It follows that resistivity of the material of a conductor depends on the 
following factors : 

1. It is inversely proportional to the number of free electrons per unit volume (n) of 
the conductor. Since the value of n depends upon nature of the material, the resistivity 
of a conductor depends upon the nature of the material. 

2. It is inversely proportional to the average relaxation time (7) of the free electrons in 
the conductor. As we shall study in next section, the value of t decreases with increase 


; , 1 Bae 
in temperature of the conductor. Since p « — , the resistivity of conductor depends upon 
zi 


its temperature and it increases with increase in temperature of the conductor. 


Resistivity in terms of current density. From equation (1.17), we have 
m E 


net j 
Therefore, equation (1.22) becomes 


whe 


E by - 
| eta ons Of LRNOMOGOTy 13 1-28) 
monsxslyi< SALI ES ' 
The equation (1.23) gives the relation, between: current pees ae resistivity 3 
of the material of the conductor. 


Resistivity in terms of electron mobility. From equation (1.16), substituting 
in equation (1.23), we have 


fb. 2 
re oF 3 (1.24) 


Substituting for vq (= “ E) in equation (1.24), we have 


adi (1.25) 


The equation (1.25) gives the relation between resistivity of the material of a 
luctor and the eo see 


n ir creas ng the temperature of a donde the 

e of resistivity of its mate increases. Therefore, from equation (1.26), it follows 
drift velocity of electrons decreases on increasing the temperature of the conductor. 

(b) Effect of length of conductor. From equation (1.26) it follows that drift oe 

ctrons decreases, when length of the conductor is increased. 

11.11. CONDUCTANCE AND CONDUCTIVITY 


Conductance. The reciprocal of resistance of a conductor is called its conductance. 
It is denoted by G. Thus, conductance of a conductor having resistance R is 
n by 


wal Eyfect ae te 


Caereees wis: 


1 
G=— we 1827) 
The SI unit of conductance is ohm=! (Q7), which is also called mho. In SI, the 
of conductance is also called siemen and is denoted by the symbol S. 
Conductivity. The reciprocal of resistivity of the material of a conductor 1s called its 
uctivity. It is denoted by o. Thus, 


1 
OF D ..(1.28) 
From equations (1.23) and (1.28), it follows that 
i 


Ted (1.29) 


The equation (1.29) gives the relation beween conductivity and current density. 
From equations (1.25), and (1.28), we have 

o=nep o4(1.30) 

The equation (1.30) gives the relation between conductivity of the material of 
nductor and the electron mobility. 

From equation (1.28), it follows that unit of conductivity is reciprocal of the 

of resistivity. vldes Bak in SI, the unit of conductivity is ohm7! metre7! 

m~!) or mho metre“ or siemen metre! (S m7}). 


11.12. TEMPERATURE DEPENDENCE OF RESISTIVITY 


The variation of resistivity of a metallic conductor, an alloy, a semi-conductor ° 


n insulator with increase in temperature is not same in all the cases. 
Temperature dependence of the resistivity of a metallic conductor. In terms 
‘laxation time, the resistivity of the material of a conductor is given by 

m 


ne>t 


re the letters have their usual meanings. 
It follows that the resistivity of a conductor is inversely proportional to the 
age relaxation time of the free electrons in the conductor. The average relaxation 


is not a constant parameter. It changes with changé-of teiperature of tHe: isso ott 2ovig Mt 


luctor. 


CC F) yer 


joloubmn0> 9 9rii io laine: 
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If the temperature of the conductor increases, th he plitud ( 
of the positive ions in the conductor also increases. Due to this, the free aieerone 
collide more frequently with the vibrating ions and asa result, the average relaxation 


1 
time decreases. Since p * —, the resistivity of the material of a conductor increases 
T 


with increase of temperature. 

For pure conductors such as copper, the resistivity increases linearly with 
temperature in the temperature range around and above the room temperature. If 
Pp and pare resistivity of the material of a conductor at 0°C and °C respectively, 
then it is found that 

p=p)(1+a8) hb OE) 

Here, ais called temperature coefficient of resistivity. It may be pointed out 
that at low temperature, the resistivity of pure conductors increases as a higher 
power of temperature. 


Since R=p ., from the equation (1.31), it follows that 


R=R, (1+ a9) a2) 
_R=RBs 
or - Rae 20 eee) 


Here, Ry and Rg represent resistance of the conductor at 0°C and @°C 
respectively. As such, @ may also be called as temperature coefficient of resistance 
of the conductor. 

Thus, resistivity of a conductor increases linearly with increase of tempe- 
rature and vice versa. As temperature of a pure metallic conductor approaches 
0K, its este also approaches zero. For metals, value of a lies between 10~* to 
10 

2. Temperature dependence of the resistivity of an alloy. In the case of an alloy, 
such as nichrome, the resistivity is very large and it has a very weak dependence 
on temperature. For example, manganin, which is an alloy of copper, nickel, iron 
and manganese has a resistance which is thirty to forty times as that of pure copper 
for the same dimensions but its temperature coefficient is very small i.e. 0-00001 °C". 
For this reason, it is an excellent substance to be used for the construction of a 
standard resistance coil. 

3. Temperature dependence of the resistivity of a semi-conductor and 
insulator. The variation of resistivity with temperature in case of a semi-conductor or 
an insulator is different from that in case of a conductor. Whereas, in case of a 
conductor, the resistivity varies linearly with temperature of the conductor, the 
resistivity of a semi-conductor and an insulator has an exponential dependence on 
temperature. In case of a semi-conductor and an insulator, the resistivity at 
temperature T (in kelvin) is given by 

epi aus iba (1.34) 

Here, k is Boltzmann’s constant and Eg is called energy gap between valence 
and conduction bands in the atoms of such materials. It may be noted that both semi- 
conductors and insulators are non-conducting materials at low temperatures. The 
division of non-conducting materials into semiconductors and insulators is purely 
on the basis of the size of the value of Eg in two cases. In case of a semi-conductor, 
Eg $1 eV or so and likewise the resistivity of a semiconductor at room temperature 
is not very high. On the other hand, in case of an insulator, Eg is of the order of several 
eV and hence at room temperature, resistivity of an insulator is extremely high. At 
0 K, both the semiconductor and an insulator have infinite value of the resistivity. 


MR 13. THERMISTORS 
A thermistor is a heat sensitive resistor usually made of a semi conducting material, 
such that its resistance varies appreciably with change in temperature. 
A thermistor differs from an ordinary resistance in the following ways : 
1. The resistance of a thermistor changes ieee rapidly with change of 
temperature. 
2. The temperature coefficient of a thermistor is very high. 
3. The temperature coefficient of a thermistor can be both positive and 
negative. 


Key point 
The resistivity of conductors increase 
that of semiconductors decreases 
increase of temperature. 


dlications in practice. 

Thermistors are made from the oxides of semi-conductors. They are generally 
he form of beads, discs or rods. A pair of platinum leads are attached at the two 
1s for electric connections. The arrangement is enclosed in a small glass bulb and 
led. The size of a thermistor is very small. 

Depending upon the composition, a thermistor may have resistance in the range 
1. Q to 107 Q. The thermistors can be used over a wide range of temperature i.e, 
m a very low temperature to about 1100°C. The change in the value of a thermistor 
\ be caused either due to change in temperature of its surroundings or by the 
wer dissipated in it on the passage of current. 

Applications. Some of the important applications of thermistors are as given 
ow: 

1. Due to their rapid response to temperature changes, thermistors are used 


letect small temperature change and to measure very low temperature (= 10 K). 


2. Thermistors are used in temperature control units and for detecting excessive 
1perature within an industrial equipments. 

3. Thermistors are used in the protection of windings of motors, transformers 
1 generators. 

4. Thermistors are used to safeguard the heater of the picture tube of a television 
against variation in current. 

5. Thermistors are used for voltage stabilisation, temperature control and 
note sensing. 


1.14. SUPER-CONDUCTIVITY 

The phenomenon, due to which a substance loses all signs of its resistance, when cooled 
ts critical temperature, is called superconductivity. 

The substances, which offer superconductivity (no resistance) are called 
yerconductors. 

Explanation. When the temperature of a conductor is lowered, its resistance 
creases. In other words, a conductor becomes a better conductor as the 
1perature is lowered. There was speculation that resistance of a conductor will 
imately become zero at 0 K. 

The boiling points of liquid oxygen, liquid nitrogen and liquid hydrogen are 
pectively -183° C, -196° C and -263° C. Therefore, the temperature up to which 
decrease in resistance with decrease of temperature could be studied was —263° 
e. 10 K. Ultimately, K. Onnes succeeded in liquefying helium gas and its boiling 
mt was found to be 0-7 K. In 1911, K. Onnes studied the variation of resistivity 
solid mercury (it solidifies at-39° C) and he found that its resistivity kept on 
creasing in a normal manner with decrease in temperature but at 4-2 K, its 
istivity suddenly became zero [Fig. 1.08]. Thus, at 4-2 K, all signs of resistance 
appear in case of mercury i.e. it becomes superconductor. In case of mercury, this 
rperature of 4-2 K is called its critical temperature. 

Superconductivity is exhibited by a large number of metals and alloys. It has 


n discovered that alloys of niobium and tin, and of niobium and zirconium show — 


serconductivity up to a temperature of 18 K. Today, there are thousands of 
erconductors with critical temperature (the temperature at which the resistivity 
idenly drops to zero) as high as 23 K. Scientists all over the world are trying to 
lieve superconductivity at room temperature. 

The cause of superconductivity is that electrons in a superconductor are 
tually coherent. The ionic vibrations, which could deflect free electrons in metals, 
unable to deflect the coherent cloud of electrons in superconductors. 

Applications (or uses) of superconductors. At present, superconductivity has 
n achieved in case of a few metals and alloys only at very low temperature. As 
th, the superconductors so developed find their use in research work only. The 
y superconductivity is achieved at room temperature, the superconductors will 
ome of very striking and interesting uses. A few of them are as below : 

1. They will help to produce superfast computers. 

2. It will be possible to transmit electrical power without any loss of electrical 
ergy by using superconducting cables. sal 

3. Superconductors will enable to produce very high magnetic field’ without 
y expenditure of electrical power. 


The thermistors having negative temperature coefficients find a variety of 
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The conductivity of metals and alloys 
increases, as they are cooled. At critical 
temperature, their resistivity becomes 
zero and they behave as superconductors. 


3 


42K 
TEMPERATURE —~> 


Fig. 1.08 


ret 
ie + 
i 


‘ rr 
TUF SISOS Of 


muietoqnial ort 


SVisgon 


r 


a 


mum '.15. COLOUR CODE FOR CARBON RESISTANCES — 

The value of resistances used in electric and electronic circuits vary over a very 
wide range. Such high resistances used are usually carbon resistances and the values 
of such resistances are marked on them according to a colour code. 

A carbon resistance has usually four rings or bands A, B, C and D of different 
colours [Fig. 1.09]. The colours of first two bands A and B indicate the first two 
significant figures of the resistance in ohm, while the colour of third band C indicates 
the decimal multiplier. The colour of fourth band D (which is either silver or gold) 
tells the tolerance of the resistance. If the colour of fourth band is silver or gold, 
then tolerance of the resistance is 10% and 5% respectively. Sometimes, there are 
only three colour bands A, B and C to indicate the value of the resistance. Since there 
is no fourth colour band, the tolerance of such a resistance is not indicated. The 
tolerance of such a resistance is 20%. 

To read the value of a carbon resistance, the following sentence serves as an 
aid to memory : 

B BRO Y Great Britain Very Good Wife 

The bold face letters in the above sentence (B, B, R, O, Y, G, B, V, G and W) 
correspond to the colours Black, Brown, Red, Orange, Yellow, Green, Blue, Violet, 
Grey and White respectively. The colours of first two bands A and B correspond to 
figures 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 and the colour of the third band C corresponds to 
multipliers 10°, 10!, 102, 103, 104, 10°, 10°, 107, 108 and 10? respectively. If the colour 
of the fourth band is gold, the tolerance is 5% and in case the colour is silver, the 
tolerance is 10%. In case, there is no fourth band, then its tolerance is 20%. 

The following table gives the colour code for carbon resistance : 


a 


Silver 
No colour 


Yellow 
Green 
Blue 
Violet 
Grey 
White 


ORIYA TARWONHO are 


i i eine oactrey 


For example, consider a carbon resistance, for which the bands A, B and C are 
of colours brown, green and orange respectively and the last band D is of silver in 
colour. The value of the resistance can be found from the table as explained below : 
Corresponding to colours of bands A and B, which are brown and green, the 
figures are 1 and 5. Corresponding to the third band of orange colour, the multiplier 
is 10°. Therefore, resistance is of the value 15 x 10° Q. Since silver colour of the fourth 
band corresponds to a tolerance of 10%, the value of the given resistance is 
R=15x10°Q + 10% 
gues 1.15. RESISTORS IN SERIES 


Two or more resistors are said to be connected in series, if same current passes through 
each of them, when some potential difference is applied across the combination. 
Fig. 1.10 shows the series combination of three resistors having resistances Rj, 
R, and R,. If a battery of e.m.f. E is connected across the series combination, the same 
current I will pass through each of them. If V,, V, and V, are the values of potential 
difference across R,, R, and Rj respectively, then according to Ohm’s law, 
V,=IR,; V,=IR, and V;=IR; 


Also, E=V,+V,+V3 
a E=IR,+IR,+I1R; 
or E=I1(R, +R, + Ry) DG lweiey) 


If R, is resistance equivalent to the series combination of R;, R, and R3, then 
resistance R, will allow the same current I to flow through it, when the battery of 
e.m.f. E is connected across it. Therefore, width 

E=IR, pares ie 3), 


An electric component that offers ohm 
resistance to the flow of current is calle 
a resistor. 


lons ( , we 

IR, =I (R, +R, +R) 
R,=R,+R,+R, (1.37) 

us, when the resistors are connected in series, equivalent resistance of the series 

tion is equal to the sum of individual resistances. 

s obvious that the value of equivalent resistance of the series combination 

ys greater than the value of the largest individual resistance. Therefore, 

3 are connected in series, if the resistance in the circuit is to be increased. 

series resistance circuit, it should be remembered that 

he current through all the resistors is same. 

he total resistance of the circuit is equal to the sum of individual resistances including 

resistance of the cell, if any. 

he potential difference across any resistor is proportional to its resistance. 

he current in the circuit is independent of the relative positions of the various resistors 

cuit. 


7. RESISTORS IN PARALLEL 


0 or more resistors are said to be connected in parallel, if potential difference across 
hem is equal to the applied potential difference. 
. 1.11 shows the parallel combination of three resistors having resistances 
nd R,. If a battery of e.m.f. E is connected across the parallel combination, 
ntial difference across each resistor will be equal to E, the e.m.f. of the battery. 
and I, are values of the current through the resistances R,, R, and R, 
vely, then current in main circuit is given by 

l=1,+1,+1, ab cece?) 
w, the potential difference across each resistor is E. Therefore, applying 
aw, we have 

E=1,R,=1, R= 1, Ry 


E 
L pee ;1,=— and I, regi 
Rj R5 R3 
erefore, equation (1.38) becomes 
E E E 
i eae os pana 
R; R2 R3 
sy NE LS (1.39) 
Bie ND aks 


y is resistance equivalent to the parallel combination of R,, R, and Rg ie. if 
stance Ry allows the same current | to flow through it, when the battery of 
is connected across it, then 


E=IR, 
ea ...(1.40) 
Ry 
ym equations (1.39) and (1.40), we have 
E (2 1 “| 
a piso, 2 Sap ae 
Ry Ry Ro R3 
SH peachy, | 
Ry Ry PPR, © RY Bc 1) 


us, when resistors are connected in parallel, reciprocal of equivalent resistance of 
lel combination is equal to the sum of the reciprocals of individual resistances. 
nay be pointed out that the value of equivalent resistance is always less than 
ie of the smallest individual resistance. Therefore, resistors are connected 
lel, if the resistance in the circuit is to be decreased. 

a parallel resistance circuit, it should be remembered that 

‘otal current through the parallel combination is equal to the sum of individual 
through the various resistors. 

he potential difference across all the resistors is same. 

the current through any resistor is inversely proportional to its resistance. 

‘he reciprocal of the total resistance of the combination 1s equal to the sum of the 
ls of individual resistances. 


In series combination of resistors, 

(i) current through all the resistors is same 
and 

(ii) potential difference across a resistor is 
proportional to its resistance. 


‘Key point He 


The equivalent resistance of a series 
combination of resistors is always greater 
than the largest resistance in the 
combination. Therefore, resistors are 
connected in series in order to increase 
the resistance of the circuit. 


‘Key point V 


{In parallel combination of resistors, 

(i) potential difference across all of them 
is same and 

(ii) current through any resistor is 
inversely proportional to its resistance. 


Key point VY 


The equivalent resistance of a parallel 
combination of resistors is always less 
than the smallest resistance in the combi- 
nation. Therefore, resistors are connected 
in parallel in order to decrease the resi- 
stance of the circuit. 


3. INTER RESISTANCE ANDELECTROMOTVE FORCE OF THE 
CELL 

Internal resistance of a cell. When a cell is connected in a circuit, it drives the 
charge in the circuit. The rate of flow of charge is termed as current. When the current 
flows through the cell, its electrolyte offers resistance to the flow of current. It is 
because of the fact that ions have to move against the background of other ions and 
the neutral atoms. 

The resistance offered by the electrolyte of the cell, when the electric current flows 
through it, is known as internal resistance of the cell. It is denoted by r. 

For a freshly prepared cell, the value of internal resistance is very low, but as 
the cell is put to more and more use, its internal resistance goes on increasing. 

Electromotive force (e.m.f.). The potential difference between the two poles of the 
cell in an open circuit (when no current is drawn from the cell) is called the electromotive 
force (e.m.f.) of the cell. 

Due to its e.m.f., a cell drives the charge round the circuit. Therefore, e.m.f. of 
a cell is also defined as the energy supplied by the cell to drive a unit charge round the complete 
circuit. It is denoted by E 

In SI, the unit of e.m.f. is volt (V) or joule coulomb~! (J C-1). 

The e.m.f. of a cell is called one volt, if 1 joule of work is performed by the cell to drive 
one coulomb of charge round the circuit. 

Note. It may be pointed out that the word electromotive force (e.m.f.) is 
misnomer. It does not represent force on the carriers of electricity. Instead, it 
represents the work done per unit charge to drive the carriers of electricity. 


gues 1.19. TERMINAL POTENTIAL DIFFERENCE OF A CELL 


Terminal potential difference. The potential difference between the two poles of a 
cell in a closed circuit (when current is drawn from the cell) is called the terminal potential 
difference of the cell. It is denoted by V. Its unit is same as that of e.m.f. 

When current flows through the circuit, there is fall of potential across the 
internal resistance of the cell. The potential difference between the two poles of the 
cell is less than the e.m.f. of the cell by an amount equal to potential drop across 
the internal resistance. Therefore, the terminal potential difference of a cell is always 
less than its e.m.f. 

Expression for internal resistance. Let us consider a cell of e.m.f. Eand internal 
resistance r connected to an external resistance R and a one way key K as shown in 
Fig. 1.12. A voltmeter V of high resistance is connected across the poles of the cell. 

When the circuit is open (plug not inserted in the key), no current flows through 
the circuit. Therefore, from the definition of the e.m.f., the reading of the voltmeter 
is equal to E, e.m.f. of the cell. 

Now, close the key [Fig. 1.13]. The current will flow through the circuit. Since 
internal resistance (r) of the cell and the external resistance (R) are in series, the total 
resistance in the circuit is (R + 7). 

According to Ohm’s law, the current in the circuit is given by 


E 
Rar ...(1.42) 


Since current is drawn from the cell on closing the key, according to the 
definition of terminal potential difference, the reading of the voltmeter connected 
across the two poles of the cell is equal to the terminal potential difference between 
its two poles. The terminal potential difference V is less than e.m.f. E of the cell by 
an amount equal to potential drop across the internal resistance of the cell i.e. 

V=E-Ir (1.43) 

Here, Ir is the potential drop across internal resistance of the cell. It is also 
called lost volt. 

If no current is drawn from the cell i.e. [= 0, then from equation (1.43), we have 

V=E-0()= 

Hence, the terminal potential difference between the two poles of a cell is equal 
to its e.m.f., if no current is drawn from it. 

Also, terminal potential difference is equal to potential differences across 
external resistance R 1.e. 

V=IR *..(1.44) 


f= 


Watch. out! 


Though called force, electr mo 
does not represent force ¢ 
work done per unit charg 


The jargon. .... 


EMF. of a cell (in volt) is 
by 1 C of charge as it passe } 


Self-test Question |: é 


Why is there no way to separa 
nal resistance from the e 


Fig. 1.13 


ie. piesa ae across int 
tance opposes the e.m.f ee 
(ii) When a current I flows into 
terminal potential difference, _ ; 

Ne BE! Lake 
i.e. potential drop across inter 
tance’ int the e.m.f. 


Key cel 


..(1.45) 


It is expression for internal resistance of the cell in terms of e.m.f. and terminal 
ntial difference. 


ort SAQUE, WIP OFS piano amount of current can be drawn. In many 


riments, the current required may be much more than that can be supplied by 
zle cell. In order to have a large value of current, the cells are usually connected 
ries or in parallel or the cells are mixed grouped. 


SIN SE 


nie! tf Ft bet acom ES on of n cells each of e.m.f. E and internal resistance 
alae in series so as to send current through an external resistance R. For series 
ination, the negative terminal of the first cell is connected to the positive 
inal of the second, the negative terminal of the second cell to the positive 
inal of the third and so on. 
When the cells are connected in series, the total e.m.f. of the series combination 
ual to the sum of the e.m.fs. of the individual cells. Thus, 
the total e.m.f. of the cells =n E 
As the internal resistances of the cells also come in series, 
the total internal resistance of the cells =r+r+prt.....n times=nr 
Therefore, total resistance of the circuit=R+nr 
Fig. 1.15 shows the effective e.m.f. and the internal resistance in the circuit, when 
ells are connected in series. 
If lis current flowing through the circuit, then 
___ total e.m.f. 

total resistance 
mai HE 

R+nr 
1. When R < < nr. Insucha case, 

R+nrenr 

Therefore, equation (1.46) becomes 


= nt Es a = current due to single cell 


TT et 
2. When R>> nr. In such a case, 


R+nrz=R 
Therefore, equation (1.46) becomes 


or ...(1.46) 


n—E 
I= Rin ntimes the current due to a single cell 


From the above discussion, it may be concluded that in order to have maximum 
nt, the cells should be connected in series, when the total internal resistance of the cells 
ligible as compared to the external resistance in the circuit. 


1.22. CELLS IN 


PARAL E 
Consider that m cells one ade! E and internal resistance r are connected 
rallel so as to send current through the external resistance R as shown in Fig. 


The cells are connected in parallel by connecting the positive terminals of all 
ells to one end of the external resistance and the negative terminals of all the 
to the other end of the external resistance. 

When the cells are connected in parallel, the total e.m. f. of the parallel 
dination remains equal to the e.m.f. of a single cell. Therefore, 

the total e.m.f. of the cells = E 

As the internal resistance of the cells also come in parallel, the total internal 
tance r’ of the cells is given by 


ey ae oe 
(SSS tH4t...,m 


, 


r 1 ge meh Tt 


times 


ieee of she cell is eelied lost volt. 


n CELLS 


R 
Fig. 1.15 


Key point we 
When m indentical ceils are connected 1n 


series, 

(i) e.m.f. of the combination becomes 
times the e.m.f. of a single cell. 

(ii) internal resistance of the combination 
becomes n times the internal resistance of 
a single cell. 

Therefore, when external resistance of 
the circuit is very large, the cells should 
be connected in series so as to obtain 
Maximum current. 


m CELLS 


or 


m 
Fig. 1.17 shows the effective e.m.f. and the internal resistance in the circuit, 
when the cells are connected in parallel. 


eh ee 


If Tis current flowing through | the circuit, then Ay 
totale. m.f.s.... Ry 

~ total resistance Hy tor’ 
or [= ie ...(1.47) 

R+r/m 
1. When R > > r/m. In such a case, 

R+r/m =R 

Therefore, equation (1.47) becomes When m identical cells are conencte 

E : parallel, F 

Eg: pete current due to single cell (i) e.m.f. of the combination is equa 

2. When R < < r/m. In such a case, that of a single cell. 

R+r/mx= rim (ii) ternal resistance of the doinbun 
Therefore, equation (1.47) becomes becomes + ;, th cf the internal resistane 
E E \ . a single on 

i ms 2 eee m times current due to a single cell Therefore, when external resistance i in 


circuit is negligible, the cells shoulc 
connected in parallel so as to obtain m 
mum current. 


From the above discussion, it may be concluded that in order to have maximum 
current, the cells should be connected in parallel, when the external resistance in the circuit 
is negligible as compared to the total internal resistance of the cells. 


MS 4.23. MIXED GROUPING OF CELLS 


When the external resistance of the circuit is of the same order as the internal +. STON’ 
resistance of the cells, then a large value of current is obtained by mixed grouping n CELLS 
of the cells. It |k----| 

Fig. 1.18 shows N cells each of e.m.f. E and internal resistance r arranged in m r | 48 | 


rows, each row having n cells. Obviously, 
N=mn 
This series-parallel combination of the cell sends current through an external 
resistance R. 
Now, total e.m.f. of the cells = total e.m.f. of the cells connected inarow=nE jy 
The internal resistance of the cells connected in a row = nr 
Since there are such m rows, the total internal resistance of the cells is given by 


: : + 1 +—+ +m tim : : 
SS SEE SSCA iy " or 
FO POT Cae Fig. 1.18 : 
Pi Na 
or t=— 
. m * . . . : 
Fig. 1.19 shows the effective e.m.f. and the internal resistance in circuit, when : Peper Pony: 


the cells are mixed grouped as said above. 
nr 
Total resistance of the circuit=R+r’=R+ ia, 


If Lis current flowing through the circuit, then 
Beaman BNE 


~ Renr/m mR+tnr mR+nr (1m n= N) 
The current in the circuit will be maximum, if the factor in the denominator 
Le. mR+nris minimum. 


Now, mR +nr=(/mR)* + (Jnr)? -2/mR Vn r+2 mR yn r 
=(JmR —Jnr)? +2,JmnRr 


The R.H.S. of the above expression is sum of the two positive factors. Therefore, 
‘the factor m R + nr will be minimum, if 


: JmR—.jn 20 Ul * Cor=% mR=nr or Hiawbl: 


£ eo4 m 
i.e. when external resistance in the circuit is equal to the total internal resistance of 
oe cells. 

) Brothel abavediduisd da ft HHBWs Hat ihre? $0 obtain maximum current, 
the relts shomtatbern NOH brah Ac FS fc) Pliner AN HAD: $PidP resistance inniecirenit 
is equal to the total internal resistance of the cells in mixed grouping. 


SOLVED NUMERIC 


1A. On Definition of Current 


-roblem 1.01. How many electrons pass through a 
in one minute, if the current is 300 mA ? Given, charge 
sctron = 1-6 x 10-19. 
BP SiS.G-E, 2002); ELP.S.SC.E» 1995) 
ol. Here, l= 300 mA = 300 x 10% ;e = 1-6 « 10°C; 
t= 1 minute = 60s 
charge passing through lamp in one minute, 
g=1xt=300 x 10° x 60C 
suppose that 1 electrons pass through the lamp in one 
te. If e is charge on an electron, then 


g=ne 3 
, nm _ 30010 oa = 1-125 x 1029 
e 1-6x10- 


-roblem 1.02. In hydrogen atom, electron revolves 
1d the nucleus along a path of radius 0-51 A making 
1015 revolutions per second. Calculate the equivalent 
nt. Given charge on electron = 1-6 x 10719 C. 
sol. Here, e= 1-6 x 10719 C; v=6-8 x 105 revolutions s7!; 

r=051A=0-51 x 1071’m 
f T is time period of electron, then it crosses a point on 
cular path after T seconds. Hence, equivalent current, 

e 
l= T° v= 1-6 x 107!9 x 6-8 x 10! 
= 1.088 x 10° A 

» B. On Drift velocity 
-roblem 1.03. A current of 10 A is maintained ina 
uctor of cross-section 1077 m’. If the number density 
ee electrons be 9 x 1028 m3, calculate the drift 
ity of free electrons. Given that charge on electron, 
x 10-° C. 
301. Here T= 10 A; n= 9 x 1078 
and e= if 18 7C 


Now, 


m?;A=107 m2 


10 
neA 9x107% x1-6x10? x107+ 
= 6:94 x 10° ms“! 
Problem 1.04. The number density of conduction 
‘ons in a copper conductor is 8-5 x 1028 m™> . How long 
an electron take to drift from one end of a wire 3-0 m 
to its other end ? The area of cross-section of the wire 
x 10m? and it is carrying a current of 3-0 A. 
(Text Problem) 
Sol. Here, 1 = 8-5 x 1028 m* ;1=3-0A; 
A=2:0x 10° m?;1=3-:0m 
We know that charge on electron, e = 1-6 x 10-19C 
Now, drift velocity of electrons, 
a ay 3:0 
neA 8-5x107 x1-6x107!? x2:0x 10° 
= 1-103 x 104 ms"! 
Therefore, time taken by electron to drift from one end 
> other, 


Vg = 


OV 


i es ‘ 3-0 £ 
Vg 1-103x 107 
= 2.72 x 104s = 7 hours and 33 minutes 


Problem 1.05. Calculate the average drift velocity of 
conduction electrons in a copper wire of cross-section 
10-7 m? carrying a current of 1 A. Assume that each 
copper atom contributes one conduction electron. Given 
that density of copper = 9 x 10° kg m~ and its atomic 
mass = 63:5. 

Sol. Here A= 10-7 m2; I=1A 

Now, 63:5 g of copper contains atoms equal to Avogadro 
number i.e. 6:02 x 1023. 

Therefore, number of atoms in 1 kg of copper 


23 
PARP SRE en 


Since density of copper is 9 x 10° kg m-%, 
number of atoms in 1 m? of copper 


23 
_ 602x107 x 1000. 443 
63-5 


As one copper atom contributes one conduction 
electron, number density of electron in copper is equal to 
number of atoms in 1 m? of copper i.e. 


= 8-53 x.1078 


n = 8-53 x 1078 
Hence, drift velocity of electrons, 
I i} 
Pelee 


neA §-53x1028 x1-6x1079 x10 
= 7-33 x 104 ms! 
Type C. On Electron mobility 


Problem 1.06. A potential difference of 5 V is applied 
across a conductor of length 0-1 m. If drift velocity of 
electrons is 2:5 x 10+ ms}, calculate the electron eee 

Sol. Here, V =5 volt ;!=0-1m; vy =2-5x10 mer 

Electric field set up across the conductor, 


E= RTS =50V 
Poa 7OOvm 
Now, electron mobility, 
.5x107 
aay es sar ve =5x10°m?V1s1 
E 50 


Problem 1.07. The number density of electrons in 
copper is 8-5 x 1078 m-°. Find the current flowing through 
a copper wire of length 0-2 m, area of cross-section 1 mm/?, 
when connected to a battery of 3 V. Given that electron 
mobility = 4-5 x 10-° m? V-! s-! and charge on electron 
=16% 10°) 'C. 

Sol. Here, V = 3 volt ;/=0-2m;A=1mm?2= 10° m2; 
n=85 x 10% m3; =45 x 10° m2 V1 $7! 
and e= 1-6 x 10°719C 

Electric field set up across the conductor, 

Bi teaetieoaibr Woated 
pres 
Now, current through the wire, 
T=nApEe=8-5 x 1078 x 10 x 15 x 1-6 x 10°! 
=0-:92A 
Type D. On Current density 


Problem 1.08. A current of 1:8 A flows through a wire 
of area of \cross- -section 0-5 mm2. Find the current density 


yore Wexins wi ell SIS iii wi \j 
b > 


~ in the wire. If the number of density 


is 8-8 x 1078 m-, find the drift velocity of electrons. 
Sol. Here, I=1-8A;A=1-2 mm? =0-5 x 10 m? 
and n= 8-8 x 1028 m3 
Now, current density, 
I 1:8 
py - = 3-6 x 10° A m~ 
I= A 05x10 
Also, j=nuge 
j 3-6 x 10° 
or ip eS Ser ee ea 
a“ ne 88x10 x156x107" 


= 2:56 x 104 ms 
Problem 1.09. When a potential difference of 1-5 V 
is applied across a wire of length 0-2 m and area of cross- 
section 0-33 mm2, a current of 2-4 A flows through the 
wire. If the number density of free electrons in the wire 
is 8-4 x 1078 m™, calculate the average relaxation time. 
Given that mass of electron = 9-1 x 10-5! kg and charge 
on electron = 1-6 x 10-9 C. 
Sol. Here, V=1:5V;n =8-4 x 1072 m3 ;1=0-2m; 
A=0:3 mm? = 0:3 x 10% m?,1=2-4 A; 
m=9-1 x 107%! kg and e = 1-6 x 10719. C 
Electric field set up across the conductor, 


paw Sey SW 
Paul 2 
The current density in the wire, 
Shou ge 108 Air? 
A 0-3x10° 
2 
Now, j= pe hp 
m 


Therefore, average relaxation time, 
nip 9:1x10! x8 x 10° 
ne-E Ca eee 


Type E. On tS tz law 


Problem 1.10. A potential difference of 200 volt is 
maintained across a conductor of resistance 100 ohm. 
Calculate the number of electrons hie he fee itin one 
second. Charge on electron, e = 1-6 x 107 

Sol. Here, V = 200 volt ; R = 100 ohm; e = 1-6 x 10°19C 


Now, [=— =—— =2 ampere 
R100 
Charge flowing inls,q=It=2x1=2C 
Therefore, number of electrons flowing through the 
conductor in 1s, 
se yi oat =1-25 19 
9 = 1:25 x 10 


Type F. On Rosteniing BOAR 


Problem 1.11. Calculate the resistivity of the material 
of a wire 1-0 m long, 0-4 mm in diameter and having a 
resistance of 2-0 ohm. (HS. SiC.E. 2002); BS.S.C.E, 1994) 

Sol. Here, R= 2:09 ;1/=1:0m; 

diameter of wire, d = 0-4 mm =4x 104m 

Therefore, area ao cross-section of wire, 


Asam mapen(do 1082s Ane Mkcad, fa 


© noiisnidenos 


of electrons in the wire. 


RA. 2-0x42x10° 
or pana = 253 x 1077 ¢ 
Problem 1.12. A wire having a mass of 0-4! 
possesses a resistance of 0-14 Q. If the resistivity 0! 
material of wire is 1-78 x 10° Q m, calculate its length 
radius. Given that density of the material of wire is 8 
103 kg m-3. 

Sol. Here, m = 0-45 kg ; R=0:14Q; p= 1-78 x 10% 

and density of the material of wire, d = 8-93 x 10° kg 

Let | be length and r be the radius of the wire. 

I l 

Now, R=p ye =p ar) 

Also, mass of the wire, m = volume x density 

or m=nrlxd 

Multiplying equation (i) and (ii), we have 


5 xarixd 


Rx m= Kis 


0-14x0-45 ie 
1-78 x 1078 x 8-93x 10° 
From equation (ii), we have 


I Mtv 0:45 
\ald \nx1-99x8-93x10° 


= 2-84 x 10° m = 2:84 mm 
Problem 1.13. A wire of resistance 5 ohm is draw1 
so that its length is increased to twice its original ler 
Calculate its new resistance. 
(C.B.SE.1998 S.A.PStS:C rm 
Sol. Let! be the length and Abe the area of cross-se 
of the wire. If p is the resistivity of its material, then 
l 
R=p rr 
Suppose that when length of the wire is increased 
(= 21), its area of cross-section becomes A’. As the volun 
the wire must remain the same, we have 


Also algae, cachteas code 


Dies 
Let R’ be new resistance of the wire, then, 


i 21 l 
R’ =p — =p — = 4p — 
From aae (i) and (ii), we have 


4R=4x5=20 ih 
Type G. on Conductance and eanduictivity’ 


Problem 1.14. Calculate the electrical conductivi 
the material of a conductor of length 3 m, area of c1 
section 0-2 mm? having a resistance of 2 ohm. 

(ClB.S.E 

Sol. Here, 1=3; A=0-02 mm?=0-02 x 10 m2; R= 

l RA 
in ereip ict e Ba 
Also, conductivity of the kee o= 


ala 3 
oR Ae 2x0: wotos 


Now, 


or 75x10’ Str 


ial difference of 1-8 V is applied across it. What is 
uctance ? If the wire is of length 3 m and area of 
ction 5-4 x 10-6 m2, calculate its conductivity. 
whlere so Via 1-6.V - = h2 A; 

1=3mand A=5-4 x 10 m? 


resistance of wire, R = Uri Gs 1-50 
Tideaballei2: 
1 
refore, conductance of wire, G= R = a = 0-675 
R= l RS 
W, =p A or p= i 


oo 1 
o, conductivity of wire, 0 = is 


af huplaibio INES: a 
RA 1-5x5-4x107 
=3-7x10°S m1! 


On Variation of resistance with temperature 
blem 1.16. A wire has a resistance of 2:1.Q at 300 
1 resistance of 2:7 Q at 373 K. Determine the 
ture coefficient of resistance of the material. 
(Pre-degree Kerala, 1991 ; Text Problem) 

. Here, R; = 2:12; 6, =300K; R,=2:70; 
6, = 373 K 
pa Ro Ry fT 2:7-2:1 

Rj (A> — 04) 2-1 x (373 — 300) 

= 3-194 x 1073 K-! 

blem 1.17. The resistance of a conductor is 6 Q at 
d 7 Q at 100°C. Calculate the mean temperature 
nt of resistance of the material. Find the resistance 
ynductor at 0°C. (Karnataka, 1983 S) 
. Here, 6, = 50°C; R; = 6.0; 6, = 100°C; R, =7Q 
an temperature coefficient of resistance of the 


ud 


— Ro-Ri _ 7-6 
R, x(@,-0;) 6x(100-50) 
“mentleleeteg bil j gia 

6x50 300 


.) iS resistance of the conductor at 0°C, then 
R,=R, (1+ a6) 


R 
Rte. eed trauma Ped y4I88 thgads' W 
° 1400 1+ ay x50 7 


yblem 1.18. A heating element using nichrome 
ed to a 230 V supply draws an initial current of 
hich settles after a few seconds to a steady value of 
Nhat is the steady temperature of the heating 
, if the room temperature is 27°C ? Temperature 
ent of resistance of nichrome Sieh over the 
ture range involved is 1-70 x 10-4 °C". 

(Text Problem) 
. Here, V = 230 volt ; 
ial room temperature, 0, = 27°C 
ial current, I, =3-2 A; steady current, I, = 2:8 A 
refore, resistance of wire at room temperature (6,), 
ass 5 OS 71.875 Q 


PY; \ ae OF Or | 


- Resistance of wire ; 


Riis As See Seng Tas 


fal ahs 2 
Temperature coefficient of the wire, a = 1-70 x 104°C"! 
ee 

Now, i ns 

R, (0 — 64) 

82-143 — 71-875 

edule POM. Ot 

71-875 x (82 — 27) 

2:143—71: 

or 05 =27+ ae ae 


71-875 x 1-70 x 10~* 
= 27 + 840-35 = 867-35 °C 
Type |. On colour code of carbon resistance 
Problem 1.19. A carbon resistor has coloured strips as 


shown in Fig. 1.20. What is its resistance ? 
(78.5,C.E. 1996 VPS SoC. Eb. 1995. C.B:S,E. 1990) 


YELLOW BROWN 


m 


VIOLET GOLD 


Fig. 1.20 

Sol. Corresponding to first two colour bands of yellow 
and violet colours, the figures are 4 and 7. Corresponding to 
the third band of brown colour, the multiplier is 10! i.e. 10. 
Therefore, the given carbon resistor is of value 47 x 10 Ze. 
470 Q. Since the band showing the tolerance is golden, the 
value of resistor, 

R=470Q + 5% 

Problem 1.20. How will you represent a resistance of 
3700 Q + 10% by colour code ? (H.5:8.C-E. 2001) 
Sol. Here, R=3700 2+ 10% =37 x 107Q+ 10% 

According to colour code of carbon resistance, the colour 
of bands corresponding to figures 3 and 7 are orange and 
violet respectively and corresponding to multiplier 107, the 
colour of band is red. Finally, corresponding to tolerance of 
10%, the colour of band is silver. 

Therefore, the resistance of 3700 Q + 10% will be 
represented by the bands of colour orange, violet, red and 
silver. 

Type J. On series and parallel combination of resis- 
tances 

Problem 1.21. (a) Three resistors, 1 Q, 2 Q and 3 Q are 
combined in series. What is the total resistance of the 
combination ? 

(b) If the combination is connected to a battery of e.m.f. 
12 V and negligible internal resistance, obtain the potential 
drop across each resistor. (Text Problem) 

Sol.(a) Here, R, =1Q; R,=2Q;R3,=30 


Now, R, = R, + R,+R3=1+2+3=60 
(b) Here, eww n=0 
‘ ras Bo 12 
Therefore, current in the circuit, I = me = a =2A 
Ss 


P.D.across R,=I1R,=2x1=2V; 

PD. across R,=IR,=2x2=4V; 

P.D. across R,;=I1R3,=2*3=6V 

Problem 1.22. (a) Three resistors 2 Q, 4 Q and 5 Q are 
combined in parallel. What is the fotal resistance of the 
combination ? 


b) If the combination is connected to a battery of e.m-f. 
20 V and negligible internal resistance, determine the 
current through each resistor and the total current drawn 
from the battery. (Text Problem) 
Sol. (a) Here, R; = 2Q; R, =40;R,=5Q 
The resistance of the parallel combination of the resistors 
given by 


1 1 1 a Pgs La Pye | 
= + —— + — = —+-4¢= 
Rp GeRy “pRadenkae 2 V4" 
= 10 #5647 19 
a) ater P20 
or Eo 
Ae) 
(b) Here, B= 20) Vin 0 
The current drawn from the battery, 
ee ee 
WR, + 20 ATES, 


P 
Let I,, I, and I, be current through resistors R,, R, and 
R, respectively. 


BE 2d Bo 220 
Then, Gas Ae), asa, =5A: 
R, vad R, 
Engage 
Sry Ruy Teh OF 


Problem 1.23. The resistance of two conductors in 
series is 40 ohm and their resistance becomes 7-5 ohm, when 
connected in parallel. Find the resistance of individual 
conductors. 

Sol. Let the resistance of the two conductors be R, and 


R,. 
Then, R.=R, +R, =400 A) 
and p= aBiRog =|7-5 © mCi) 
Ry ots R> 


From equation (ii), we have 
R,R, = 7:5 x (R, + Ry) 
Using equation (1), we have 
R,R, = 7:5 x 40 = 300 
Now, (R,-R,)*=(R, + R,)*-4 RyR, = 407-4 x 300 = 400 
R, -R,=202 ..-(ii1) 
Adding equations, (7) and (iii), we have 
2 R, =40 + 20 = 60 or R, = 30Q 
Subtracting equation (ii7) from (1), we have 
2 R, = 40 - 20 = 20 or R,=10Q 

Problem 1.24. A resistor of 5 Q resistance is connected 
in series with a parallel combination of a number of resis- 
tors each of 6 Q. If the total resistance of the combination 
is 7 Q, how many resistors are in parallel ? 

Sol. Let 1 resistors each of 6 Q be connected in parallel 
and then the combination be connected in series with resistor 
of 6 Q. The resistance of the parallel combination of n resistors 
each of 6 Q is given by 


1 sto iA ipas je 
R, 6 6 6 7 Fo DR rehelilig 
or R 226 


Dy ay td 
As this parallel combination is connected in series with 
the resistor of 5 Q, the total resistance of the combination is 
given by 


Since resistance of the combination is 7Q, it follo 


6 
Sey Pe OL Pee Or = 3 


Problem 1.25. Five resistors are connected as sh 
Fig. 1.21. Find the equivalent resistance between the 


B and C. (P.S:S:Ga 
9 Q 
A ‘ B 
3Q 5Q 
D Cc 
72) 
Fig. 1.21 


Sol. The resistances of segments AB and BC are ir 
If R, is effective resistance of the part ABC of the circu 
R,=9+5=14Q0 
Also, the séutetalices of segments AD and ime 
series. If R, is effective resistance of the part Ar 
circuit, then 
R,=3+7=10Q 
The resistances R,, 10 Q (of segment AC) and R 
parallel. If R is the effective resistance of the circuit, | 


fi) ae OP pt / +7. 19 
R 14 10 10 701 70 
70 
R=— 
or 19 : 


Problem. 1.26. For the combination of resis 
shown in the Fig. 1.22, find the effective resistance bt 
the points A and B. (1.17 

yy ale : 


39 32 


w 
w 
re) 


A 39 B 


Fig. 1.22 
Sol. Consider the part AMNA of the network. Th 
tances AN (=3 Q) and NM (=3 Q) are in series and the 


_their effective resistance, 


R,=3+3=6Q 
The effective resistance R, and resistance AM (=¢ 
in parallel. Therefore, effective resistance of part Ah 
given by 


Now, effective resistance R, and resistance ML 
are in series and this series combination having res: 
3 + 3i.e. 6 Qis in parallel to resistance AL (= 6Q). If Rg 
effective resistance, then 

R3= Sx8 8G) 
6+6 


Finally, the effective resistance R, and the resistance KB 
Q) are in series and this series combination having 
tance 3 + 3 i.e.6 Q is connected in paralled across 
tance AB (= 3 Q). 

Therefore, equivalent resistance of the network is given 


Problem 1.27. Three resistances of 30 Q each are 
ected to form a triangle. A cell of e.m.f. 2 V and negli- 
e internal resistance is connected between any two 
ces [Fig. 1.23]. Find the current through the cell. 


B (LL.T. 1983) 


E=2V 
Fig. 1.23 
Sol. The resistances AB and BC are in series and their 
tive resistance, 
R, = 30 + 30 = 60 
The effective resistance R, (= 60 Q) and the resistance 
= 30 Q) are in parallel. The equivalent resistance of the 
ork is given by 
Le 60 x 30 0%) 
60+ 30 
If lis current through the cell, then 


HES 2 

-R 207 0-1A 
Problem 1.28. As shown in Fig. 1.24, a variable rheostat 
kQ is used to control the potential difference across a 
2 load. . 

(a) If the resistance AB is 500 Q, what is the potential 
‘rence across the load ? 

(b) If the load is removed, what should be the 
tance at BC to get 40 V between B and C? 


1 (.5.C.E*1996) 


A 
ss B 
50 V 
2kQ 
R,=500 2 
C 
Fig. 1.24 


Sol. Here, load resistance, R; = 500 Q ; 
and e.m-f. of the source, E = 50 V 


Resistance of the rheostat between points A and B, 
Rap =500Q 
Therefore, resistance between points B and C, 
Rgc = Rac — Rap = 2000 — 500 = 1500 Q 
Now, Rgc and R, are connected in parallel. If R’ is 
resistance of their combination, then 
1 1 by 1 1 r 1 4 


R’ Rpc Ry, 1500 500 1500 
or R’ = 375 Q 
Further, Rag and R’ are in series. If I is current in the 
circuit, then 
A BER OO 2 
Rag? *500 7-375 SS 
(a) It follows that potential drop across R, is same as the 
potential drop across the parallel combination of Rgc and R, . 
Therefore, potential drop across R;_ 
= applied potential difference 
—potential drop across Rap 


I 


2. 
= 50-1 Rap =50- 55 x 500 = 21-43 V 


(b) When the load is removed, the source of e.m.f. will 
send current through the rheostat wire AB having a total 
resistance of 2000 Q. Therefore, current through the rheostat, 


ee! 1 


2000 40 
If Rg’ is the value of the resistance of the rheostat 
between points B and C, which will give a potential difference 
of 40 V across these two points, then 


I’ Rac’ = 40 
40 40 
Ro ae 1600 0 
Be TP. ead 


Problem 1.29. Four resistors of 12Q each are connected 
in parallel. Three such combinations are then connected in 
series. What is the total resistance ? If a battery of 9 V e.m.f. 
and negligible internal resistance is connected across the 
network of resistors, find the current flowing through each 
resistor. (5 .5.C, £2002) 

Sol. The network of resistors is connected to the battery 
of e.m.f. 9 V as shown in Fig. 1.25. Let I be the total current 
in the circuit. If R’ is effective resistance of the four resistors 
of 12 Q each connected in parallel, then 

i acetate Sie ak te a ae 


=—+—+—+—=— 
Kee t2y pile. 12) 12 
12Q 12Q 12Q 


Otoe Reo) 


9Q 
Fig. 1.25 
Therefore, effective resistance of the network of 
resistors, 
R=R’+R’+R’=34+3+3=9Q0 


E.9 


[= —=—=1A 
R 


Since all the four resistors are of same resistance, equal 
current will pass through each resistor. Therefore, 


ye 1 
current through each resistor = " I= vi 1=0-25A 


Problem. 1.30. Find the current drawn from a cell of 
e.m.f. 1 V and internal resistance 2/3 2 connected to the 
network shown in Fig. 1.26. (C.B.S.E. 2001 S) 


Fig. 1.26 
Sol. Here, E=1 and r=2/3Q 
Let I be the current drawn by the network from the cell. 
The given network can be respresented as shown in Fig. 1.27. 


1Q 


Fig. 1.27 
Each of the sub-networks I and II is a parallel 
combination of two resistances of 1 Q each. Further, the two 
sub-networks I and II are in series with each other. If R’ is the 
effective resistance of I and II, then 


pigs ee Td hPa 
byt Dn dlee ds +2752 
The network shown in Fig. 1.27 is now, equivalent - the 
arrangement as shown in Fig. 1.28. 


1V,20 
Fig. 1.28 
If Ris equivalent resistance to the network ABCD, then 
GA} ah pb eae or R=29 
Rai ele nel 3 


R+r 1/3+2/3 

Problem 1.31. A letter A is constructed of a unifa 
wire of resistance 1 Q cm7|. The sides of the letter are 
cm long and the cross-piece in the middle is 10 cm lor 
while the apex angle is 60° [Fig. 1.29]. Find the curr 
flowing through the different parts, when a battery of e.1 
15 V and internal resistance 3-33 Q is connected across: 
two ends of the legs. 

Sol. The letter A is formed of a uniform wire as sho 
in Fig 1.29. 


——E—————— 


EB=1 5 


Fig. 1.29 

As the apex angle is 60° and the cross-piece QS is in 
middle of the two legs PR and RT, 

eleies’ Mariage. tee sree « 

Now, the wire has a resistance of 1 Q cm". 

; R, =R,=R,=Ry,=R, = 100 

ta Ry be the resistance of the triangular part QRS of 
letter A. It is series combination of R, and R3 connectec 
parallel with R,. Then, It is 


Spee 0 ore a 

Ry Rs Ro+R3 10. 10+10 10 
20 
or = —Q 
B= 3 


If R is the resistance of the letter between the two e 
of the legs 7.e. P and T, then ” 
20 80 


R=R, +R, + R,=10+ — + 10= — 
1 R, 4 3 3 
= 26-67 W 
Let I be the current flowing through the main circu 
Then, * 2,94 Bbawiod ¥ Ui-tsg ot 28 ts yang 
Rept 26'67 ooo ou 
Potential difference across the triangular part ORS, 
20_ 10 Vv 


V= IxR, = =0:5 x 


Therefore, current through part QRS 
V 107 37 


= {Ro Re 10410 Pei. 
Yu 10/1 Set 
d t through part QS = —-=—___ =— 
and current through part OQ! Rs dotancs 
= 0-333 A 


The current through parts PQ or ST is same as t 
flowing through the main circuit i.e. 0-5 A. 

Problem 1.32. Calculate the steady state curr 
through the circuit shown in Fig. 1.30. The internal re 


#! 3 “1S.S.C.E. 
05 uF 


6V 28 Q 


Fig. 1.30 
301. Let I be the steady state current through the circuit. 
Nhen steady state is reached i.e when the current in the 
it becomes constant, the capacitor offers infinite 
ance. As a result, it behaves as an open path and the 
ance of 5 Qin the circuit becomes ineffective. Therefore, 
ven circuit may be represented as shown in Fig. 1.31. 


22 


| 
6V 28 Q 
Fig. 1.31 
The effective resistance of the circuit, 


2x3 
R=—— +2:8=1-2+28=40 
2+3 
Pherefore, current in steady state of the circuit, 


pons 2er5A 
R 4 


K, On internal resistance of a cell 

-roblem 1.33. A battery of e.m.f. 10 V and internal 
tance 3 Qis connected to a resistor. If the current 
igh the circuit is 0-5 A, what is the resistance of the 
or ? What is the terminal voltage of the battery, when 
rcuit is closed ? (Text Problem) 


ol. Here, Baw V ero O05 A 
et R be the resistance of the resistor. Then, 
E 
l= 
R +r 
if Rie ph gtr 
I 0-5 


Now, terminal voltage of the battery 
= potential difference across R 
=IR=05x17=85V 

Note. The terminal voltage of the battery is also given 


E-Ir=10-0:5x3=85V 
-roblem 1.34. A battery of e.m.f. E and internal 
ancer gives a current of 0-5 A with an external resistor 
ohm and a current of 0:25 A with an external resistor 
ohm. Calculate (a) internal resistance of the cell and 
m.f. of the cell. (C.B.S.E. 2002) 
501. When an external resistance R is connected to a 


‘circuit, 


R+r 
In first case : Here, R=12Q;1=05A 
E 


Oa = 
(12+1r) 
or E=(12+7r) x05 a1) 
In second case : Here, R= 250 ;1=0-:25A 
E 
ate (25+r) 
or E = (25 +r) x 0-25 -.(71) 


From equation (i) and (ii), we have 
(12 +r) x 0-5 = (25 + r) x 0-25 
or r=1Q 
Substituting for r in equation (7), we have 
E=(12+1)x05=65V 

Problem 1.35. Three resistors of 3 Q, 4 Q and 6 Q are 
connected in parallel. The combination is connected to a 
cell of e.m.f. 2 V and internal resistance 2/3 Q. Find the 
current drawn from the cell and the current through 3 Q 
resistance. (Karnataka, 1989) 

Sol. The resistors of 3 Q, 4 Q and 6 Q are connected in 
parallel to the cell of e.m.f. 2 V as shown in Fig. 1.32. 


r 3Q 


_2 
E=2V r=32 


Fig. 1.32 
Let R, be the effective resistance of the parallel 
combination of 3 Q, 4 Q and 6 Q resistances. Then, 


ERS EN Pe iad a 12°) 


oli: letras eat ieee deek fe 4 
Ry omer ue en OP Reo ra 
Total resistance of the circuit, 


Therefore, current is the circuit, [= — = ; SA: 


Now, potential difference across the parallel combi- 
nation 


As potential difference across each of the three 
resistances is 4/3 V, the current through 3 resistance, 


Problem 1.36. A uniform wire of resistance 12 Q is cut 
into three pieces in the ratio 1: 2:3 and the three pieces are 
connected to form a triangle. A cell of e.m.f.8 V and internal 
resistance 1 Q is connected across the highest of the three 
resistors. Calculate the current through each part of the 
circuit. (Karnataka, 1994) 

Sol. Suppose that the 12 © wire is cut into three pieces 
AB, BC and AC in the ratio 1 : 2: 3. Then, resistances of parts 


AB, BC and AC are 2.Q, P ctive y. The cell of 
e.m.f. 8 V and internal resistance 1 Q is connected across AC 
(highest resistor) as shown in Fig. 1.33. 


8V r=1Q 


Fig. 1.33 
Since the series combination of resistors AB and BC is 
in parallel with AC, it can be obtained that the resistance of 
the triangular part ABC of the network is 3 Q. Therefore, 


current from the battery, J = set bales 2A 


Rf ot! 
Suppose that a part I, of the total current I flows along 


path AC and remaining part I, flows along path ABC. Since 
resistances of the paths AC and ABC are equal, 
IL, =1,=I/2=1A 
Problem 1.37. In the circuit given in Fig. 1.34, a 
potential difference of 3 V is required across the points A 
and B. Calculate the value of the resistance R,. 


Fig. 1.34 
Sol. The current in the circuit is given by 
ee 
Ry in R> “EF 
Required potential difference across the points A and B, 
BRyocu., 
Ry + R> eT 2 
Here, E=12V;R,=8Qandr=1Q2 
12Ri s or 4 R, = R, +9 
R,+8+1 
or R, =3Q 


Problem 1.38. A 20 V battery of internal resistance 1Q 
is connected to three coils of 12 Q, 6 Q and 4 Q in parallel, 
a resistor of 5 Q and a reversed battery (e.m.f. 8 V and 
internal resistance 2 Q) as shown in Fig. 1.35. Calculate (a) 
the current in the circuit, (b) current in resistor of 12Q coil 
and (c) potential difference acorss each battery. 

(C.B.S.E :2001 S) 


5Q 


E,=8 V, f)=2Q 
Fig. 1.35 
Sol. Here, E, = 20 V;1r,=12;E,=8 Vandry =2 
(a) Let I be current in the circuit. 
Total e.m.f of the circuit, 
E=E,-E,=20-8=12V 
Let R’ be the resistance of parallel combiantion of 
coils of resistances 12 2,6 Q and 4 Q. Then, 
Be Patan 4s or R’'=2Q 
RR’ 12-6? 
Therefore, total resistance of the circuit, 
R=R’4+ry +f +5=24+14+2+5=10! 
Hence, current in the circuit, 
I= Biwd2 
gal) ced than 
(b) Let current through 12 Q,6Q and 4Q resista 
be I, I, and I, respectively. 
Then, I,+1,+1,=1-2 
Also I, x 12=I1,x6=I1,x4 
From equation (ii), we have 
I, =21, and 1,=31, 
Therefore, equation (i) becomes 
1+21,+31,=12 or 1,=0-2A 
(c) The terminal potential difference across 12 V bat 
V, =E, -I7, =20-1-2 x 1=18-8 V 
Since potential drop across internal resistance of 
battery aids its e.m.f., the terminal potential difference ac 
8 V battery, 
V,=E, +17, =8+12x2=10-4 V— 
Type L..On Grouping of cells 
PPrabien, 1.39. Six lead-acid type of secondary c 
each of e.m.f. 2-0 V and internal resistance 0-015 Q are joi 
in series to provide a supply to a resistance of 8-5 Q. V 
is the current drawn from the supply and its term: 
voltage ? (Text Prob 
Sol. When cells are connected in series, the total e. 
is equal to sum of their e.m.fs. 
Therefore, total e.m.f. of the cells, E = 2-0 x 6 = 12-( 
Also, total internal resistance, r= 0-015 x 6 =0-09 | 
External resistance, R = 8-5 Q 
Therefore, current drawn from the supply, 
ee ee eo 
R'+? ©,8°5:+0-09 
Terminal voltage, V = 1 R = 1-397 x 8-5 = 11-857 V 
Problem 1.40. Three identical cells each of e.m.f. 
and internal resistance r are connected in series to a 
resistor. If the current flowing in the circuit is 1: 
calculate (a) internal resistance of each cell and (b) 
terminal voltage across the cells. (C.B.S.E. 2 


=1:397A 


elev he died tolls are connected in series to the external 
tance of 6 Q as shown in Fig. 1.36. 
Pee 


1 
jy aa 


6Q 
Fig. 1.36 
(a)Here E=4V;1=15AandR=6Q0 
The total e.m.f. in the circuit, E’=3 E=3x4=12V 
Total resistance of the circuit, R’=R+3r=64+3r 
Therefore, current in the circuit, 


ea or 1-5= 12 
R 6+3r 
or a} 
3 


(b) Terminal voltage across each cell, 
V=E-Ir=4-15x, =I. 
Problem 1.41. Four identical cells, each of e.m.f. 2 V, are 
‘d in parallel providing supply of current to external 
it consisting of two 15 © resistors joined in parallel. 
terminal voltage of the cells as read by an ideal 
neter is 1-6 V. Calculate the internal resistance of each 
(C.B.S.E. 2002) 
Sol. Four cells are connected in parallel to the parallel 
ination of two 15 Q resistors as shown in Fig. 1.37. 


Fig. 1.37 
Let r be internal resistance of each cell and I be the 
nt in the circuit. Since the cells are connected in parallel, 
total e.m.f. in the circuit = e.m.f. of one cell = 2 V 
Further, total internal resistance of the cells is given by 


‘iene Fade ape ate put | 


== ther FS or r’'=r/4 
pe ES Ba Es 
Let R be resistance of the parallel combination of two 


resistors. Then, total external resistance, 
— 15x15 veld 

meres Ste 

Now, internal resistance of the parallel combination of 

is given by 


or r=75Q 


Problem 1.42. Two identical cells, whether joined 
together in series or in parallel give the same current, when 
connected to an external resistance of 1Q. Find the internal 
resistance of each cell. (1.S.C.E. 1995) 

Sol. Let each cell be of e.m.f. E and internal resistance r. 

When the two cells are connected in series : Fig. 1.38 
shows the series combination of the two cells connected to an 
external resistance R = 1 Q. 

EE 
| 


eT. 
I 
R=12 


Fig. 1.38 
Total resistance of the circuit, R; = R +r+r 
or R,=1+2r 
Total e.m.f. in the circuit, E; =E+E=2E 
If I, is current in the circuit, then 
E, DAS 
gg aang ® 446) 
1 

When the two cells are connected in parallel : Fig. 1.39 
shows the parallel combination of the two cells connected to 
an external resistance R = 1 Q. 


Fig. 1.39 
Total internal resistance of two cells = r/2 
Total resistance of the circuit, R, = R + r/2 
or R,=1+1/2 
Total e.m.f. in the circuit = e.m.f. of a single cell = E 
If I, is current in the circuit, then 
jel = raid 


i> = . 
2 Ry 1+r/2 ora( ti) 


Since the two cells give the same current in two cases, 
we have 


wee 1+2 2 (1+ r/2) 
= = + 

OE LTH BADE Boos © oh courts itteh f 
or r=1Q 


Problem 1.43. A set of 4 cells, each of e.m.f. 2 V and 
internal resistance 1-2 Q, are connected across an external 
load of 10 Q with 2 rows, 2 cells in each branch. Calculate 
the current in each branch and potential difference across 
10 Q. (Karnataka, 1991 S) 

Sol. The four cells, each of e.m.f. Eand internal resistance 


Fig. 1.40 


Here, E=2V sr =1:5QlandiR= 10:0 


The net e.m.f. of the two cells in a row 
= 2 Ree oa 
The total e.m.f. E’ of the 4 cells is equal to that of arowi.e. 
Bp=4 V 


Problem 1.44. In a discharge tube, the number of 
hydrogen ions (i.e. protons) drifting across a section 
yer second is 1-0 x 1018, while the number of electrons 
lrifting in the a pee direction across another cross- 
ection is 2-7 x 10'8 per second. If the supply voltage is 230 
/, what is the effective resistance of the tube ? 
(P.S.S.C.E. 1995 ; Text Problem) 
Sol. Here, number of electrons moving per second, 


n, = 2-7 x 1018 
and number of protons moving per second, 
n, = 1-0 x 1018 


Since electrons and protons move in opposite directions, 
otal charge crossing per second i.e. 
current in the discharge tube, I = (n, + n,) e 
= (2-7 x 10'8 + 1.0 x 1018) x 1-6 x 10-1 
= 3-7 x 1-6 x 1071 = 0-592 A 


Now,  V = 230 volt 
Therefore, effective resistance of the discharge tube, 
V —230 
= 779-592 = 388-5 QO 


Problem 1.45. Two wires of equal length, one of alu- 

minium and the other of copper have the same resis- 
ance. Which of the two wires is lighter ? Hence, explain 
vhy aluminium wires are preferred for overhead power 
ables. Given that p,, = 2-63 x 10° Q m, Poy = 1:72 x 10° Qm, 
elative density of Al = 2-7 and of Cu = 8-9. 

(Text Problem) 

Sol. Let A, and A, be area of cross-sections of the wires 
nade from aluminium and copper respectively. Let R; and 
., be resistances of the same length | of the wires made of 
Juminium and copper respectively. 

For aluminium wire : 

Density* of aluminium, d, = 2:7 x 10° kg m-? 

and resistivity of aluminium, p,, = 2-63 x 108. Qm 

571978 
Tabane saes ad _ 26310 xl 
Ay Ay 
Mass of the aluminium wire, m, = A, 1d, 


*If relative density of aluminium is 2-7, its density in SI will 
e 2-7 x 103 kg m®. 


+3) 


=15415 330 


If r’ is internal resistance of the 4 cells, then 
fm, OF Si cae 2 


Total resistance of the circuit, 
Re= R46 =10-4- ES = 11-50 


. . . — 4 
Therefore, current in the circuit, I = R115 
= 0-348 A 
As the two branches are identical, 
. = p48 =0-:174A 


current in each branch = : 


Potential difference across external resistance 
=] R=0-348 x 10 =3-48 V 


For Ombitious, Prilliant & Curious Students 


or m, =A,1x 2-7 x 10° 

For copper wire : 

Density of copper, d, = 8-9 x 10° kg m3 

and resistivity of copper, p,,, = 1:72 x 10° Qm 
1 _1-72x10° x! 


Then, R, = Poy A, F A, 
Mass of the copper wire, m = A, | d5 
or my = Ax 1 x 8-9 x 10% 
m, A,1x8-9x10°  g.9 A, 


EL Wi AS AGPPX GAT He Bec ak li 
m, A,1x2-7x10° 2:7 A, es 


Since two wires are of equal resistances, we have 
2-63x10-8 x! 1-72x10° x1 


Ay Ag 
Ag 1:72 
or Ap as +63 5-2) 
From equations (7) and (ii), we have 
m 8:9 “1-72 mM 


dy 27s Leo tee Pe 

It follows that aluminium wire is lighter. 

Since for the same value of resistance and length, 
aluminium wire has lesser mass, aluminium wires are 
preferred for overhead power cables. 

Problem 1.46. It is desired to make a coil of resistance 

20 Q having a zero temperature coefficient of resis- 
tance. To achieve this, a carbon resistor of resistance R, is 
placed in series with an iron resistor of resistance R,. The 
proportion of carbon and iron resistances are so chosen that 
R, + R, = 20 Q for all temperatures near the room tempera- 
ture. If the temperature coefficient of resistance for carbon 
and iron are a, = - 0-5 x 10° °C"l and a, = 5 x 10° °C} 
respectively, calculate the values of R, and R,. 

Sol. Here, R, +R, = 200; 

Oy EON RIO Se C jay SAI? IS 

Let 6 be a small rise in temperature near the room 
temperature. 

Then, new resistance of the carbon and iron resistances 
will be 


m perstire Coefiicient: 


ork, 1 +4, 6)+R,(1'+a,8)=Ri+R, 
or R,a@+R,a,0=0 
or R d b@91 sprint ROTEL = 
Liab gpuOaon pg yoo 83 a 
Now, R, + R, = 20 
10 R, + R, = 20 or R, = 1:82 Q 
Also, R, = 20 -R, = 20 - 1.82 = 18-18 Q 


Problem 1.47. Determine the current drawn from a 12 
V supply with internal resistance 0-5Q by the infinite 
etwork shown in Fig. 1.41. Each resistor has 1Q resistance. 
(H.S.S.C.E. 2002 ;Text Problem) 

1Q 12 1Q 12 1Q 


1Q 12 12 12 12 


Fig. 1.41 
Sol. Let the resistance equivalent to the entire network 
e X. Since the network is infinite, adding one more set of 
hree resistances each of value R = 1 Q across the terminals 
vill not affect the total resistance i.e. it should still remain 
qual to X. Therefore, the network on adding one set of three 
esistances would appear as shown in Fig. 1.42. 


R 


R 
Fig. 1.42 
If R’ is equivalent resistance of this new network, then 
R’ =R + (resistance equivalent to parallel 
combination of X and R) +R 


As said above, the addition of one set of such three 
esistances should not alter the total resistance of the infinite 
ietwork. Therefore, 


i eet Dagan 07 gop yaa cae aR =X 
X+R 
Since R = 1 Q, we have 
Oh aX oa wk aid 
X+1 X+1 
or X2-2X-2=0 


Q. 1.01. What is the number of electrons that consti- 


utes a current of one ampere ? (H.S.S.C.E. 2001) 


Ans. Number of electrons constituting a current of 


A, 


lee) ak 1x C2) 
or » Og pre Tee ORV Be a 


or X =1443 
Since the value of resistance cannot be negative, we have 


X=1+ 73 =2:732Q 


Now, BH 12 Vere 0:52) 
If lis current drawn by the network, then 
ps 2 oy A dace hcl BN 
X47 2-73240'5 


Problem 1.48. A battery of e.m.f. 24 V is used to supply 

current through the combination of three resistors R,, 
R, and R, as shown in Fig. 1.43. When the key K is closed, 
the current through 5Q resistor is found to beI=3 A. 

(a) Find the internal resistance (r) of the cell and the 
currents I, and I, through the resistors R, and R,. (b) What 
current will flow in the circuit, if the key is opened ? 


Kk Ry=62 


I=3A 


“W— 
| 


E=24V 


Fig. 1.43 
Sol. (a) On closing the key : Let R, be the resistance of 
the parallel combination of R, and R,. 


R,R, 6x3 
Then, R. = ———*- =——-= 
ad Rut R, 643 
If r is internal SR Sp of the battery, then 
total resistance of the circuit, 


R=R3+R,+r 
or R=54+2+r=7+r 
Therefore, current in the main circuit, 
E 
l=— 
R 
Here, E=24VandI=3A 
a= a or” 7aT= 6 
7+r 
or r=aAQ 


Now, potential difference across parallel combination of 

R, and R,, 
V=1xR,=3x2=6 volt 

and .l,=——-=-= 
Rj 6 R> B 

(b) On opening the key : Total resistance of circuit, 

R’=R,+R3+7r=3+5+1=9Q 
Bio 24 18 “ 


Therefore, current in the circuit, I’ = —=—= 
Resse! 293 


re] FREQUENTLY “ASKED VERY SHORT ANSWER QUESTIONS 


With Answers/Hints 


D wintGs? 
26 X T07'C 
= 6-25 x 1018 st 


Q. 1.02. It is found that 107° ele 
charge of 1-6 x 10-19 C, pass from a point X wards another 
point Y in 0-1 s. What is the current and its direction ? 
Ans. Here, g =ne= 1029 x 16x 10-9 =16C;t=0-1s 
Ab. 
t=4-— =160A 
$F Oa 
The direction of conventional current is from point Y 


to X. 

Q. 1.03. What is conventional current ? 

Ans. The current that flows from positive pole to 
negative pole of a cell in the external circuit is called 
conventional current. 

Q. 1.04. Define the unit of current. 

(F.9.9,C.F11999,.1997,S) 

Ans. The current through a conductor is called one ampere, 
if one coulomb of charge flows through the conductor in one second. 

Q. 1.05. Write down the relation between a coulomb 
and an ampere. (I.S.C.E. 1996) 


1 coloumb 
ANS. amperes 
1 second 


Q. 1.06. How does the drift velocity of electrons in a 

metallic conductor vary with increase in temperature ? 
(C.B.S.E. 2002) 

Ans. The drift velocity of electrons in a metallic 
conductor decreases with increase in temperature of the 
conductor. 

For details, refer to note of section 1.10. 

Q. 1.07 A steady current flows in a metallic conductor 
of non-uniform cross-section. Explain which of these 
quantities is constant along the conductor: current, current 
density, electric field and drift speed? (H.S.S.C.E 2001) 

Ans. Except current, the value of all the quantities 
depends upon the area of cross-section of the conductor. 
Hence, only current remains constant, when it flows through 
a conductor of uniform area of cross-section. 

Q. 1.08. The potential difference across a given copper 
wire is increased. What happens to the drift velocity of the 
charge carriers ? <C.BiS.E. 1999'S) 


eE 
Ans. We know, vq =——T 
m 


If 1 is length of the copper wire and V the potential 
difference across it, then 


e(V eV 
U7 SN Cia, 
m\ 1 ml 


Thus, vq « Vie. if potential difference is increased, drift 
velocity of the electrons will increase. 

Q. 1.09. When electrons drift in a metal from lower to 
higher potential, does it mean that all the free electrons of 
the metals are moving in the same direction ? 

(Text Question) 

Ans. It is not so. The drift velocity is superposed over 
the random thermal velocities of the electrons. 

Q. 1.10. If the electron drift velocity is so small and the 
charge on electron is small, how can we still obtain large 
amount of current ? (Text Question) 

Ans. It is because, mumbey of electrons per unit volume 
is very large (= 1075 mr). 

Q. 1.11. State Ohm’s law. 

2.9.3.C.E. 1996 71-5.C.£21995 : CB do90) 

Ans. For statement of Ohm’s law, refer to section 1.06. 

Q. 1.12. Does the value of resistance of a conductor 
depend upon the potential difference applied across it or 
the current passed through it ? 


Ans. No, the resistance of a conductor | 
upon the potential difference applied across it or the curre: 
passed through it. 
Q. 1.13. What is non-ohmic device ? State one examp 
(P.S.S.C.E. 200. 
Ans. A device, which does not obey ohm’s law is calle 
a non-ohmic device. The resistance offered by a sem 
conductor diode is an example of non-ohmic device. 
Q. 1.14. Define resistivity of the material of a wir 
State its SI units. (i.S.0-C.E. 1990, 19G9Y ES.CE. 199, 
Ans. For definition of resistivity and its SI unit, refer 
section 1.09. 
Q. 1.15. Resistivities of co Opper silver and mangan 
are 1-7 x 10°° Q m, 1-0 x 10° Q m and 44 x 10° Q 
respectively. Which of these is the best conductor ? 
(C.B:S.E. 1999 
Ans. For given length and area of cross-section, tl 
resistance of a material is directly proportional to its specif 
resistance. Since the specific resistance is least for silver, it 
the best conductor of the three given materials, 
Q. 1.16. What is the order of resistivity of an insulato: 
tPS.5.Cibe toe 
Ans. The resistivity of an aeuLatOr, such as glass or hai 
rubber is of the order 10!°-10!4 Q m. 
Q. 1.17. If a wire is stretched to double its origin 
length without loss of mass, how will the resistivity of tl 
wire be influenced ? (CBiISEP 199 


of it. 


Or 

A wire of resistivity p is stretched to double its lengt 
What will be its new resistivity ? 

(H.5.5.C.E, 1998 ; CBS Banke 

Ans. The resistivity of a wire depends on the nature 
its material. The increase in length of the wire will not affe 
its resistivity. 

Q. 1.18. Two wires A and B are of the same metal ar 
of the same length have their areas of cross-section in tl 
ratio of 2: 1. If the same potential difference is appli 
across each wire in turn, what will be the ratio of tl 
currents flowing in A and B ? (C.B.SiB) 199 

Ans. The two wires, having areas of cross-section in tl 
ratio 2 : 1, possess resistances in the ratio 1 : 2. It is becaus 
resistance of a wire is inversely proportional to its area 


V 
cross-section. Since I = R Le. Lo 2 the currents in the tv 


wires will be in ratio 2 : 1, when the same potential differen 
is applied across the two wires. 

Q. 1.19. Two wires A and B of same metal have tl 
same area of cross-section and have their lengths in the rat 
2:1. What will be the ratio of currents flowing throus 
them, when the same potential difference is applied acro 
length of each of them ? (C.B.S.E 199 

Ans. The two wires having their lengths in the ratio ‘ 
1, possess resistances also in the ratio 2 : 1. It is becaus 
resistance of a wire is directly proportional to its length. Sin 


t= . Le. Lo . the currents in the two wires will be in tl 


ratio 1: 2, when same potential difference is applied acro 
the two wires. 

Q. 1.20. Draw a graph to show the variation of resi 
tance of a metal wire as a function of its diameter, keepii 
length and temperature constant. (C.B.S.E..1999' 


Ans. We know, R = p— 
J 

or Re 
D2 


The graph between R and D will be as shown in Fig. 1.44. 


LB site 


? Fig. 1.44 

Q. 1.21. Name the units of conductance and conduc- 
ity. (TS 2, Fl 2065 HPs. 9:G.E. 1995) 
_ Ans. The unit of conductance is simen and that of 
nductivity is simen metre“!. 

Q. 1.22. How does the conductance of a semiconduc- 
ig, material change with rise in temperature ? 

q (C.B.S.E. 1998) 
- Ans. The resistance of a semiconducting material 
creases on increasing temperature. Likewise, the conduc- 
ice of such a material increases due to rise in temperature. 

» Q. 1.23. What do you mean by temperature coefficient 
resistance ? 

Ans. The change in resistance per unit resistance per degree 
e or fall in temperature is called temperature coefficient of the 
istance. 

Q. 1.24. Of metals and alloys, which has greater value 
temperature coefficient ? 

Ans. The value of @ is more for metals than that for 
oys. For example, for copper, a = 4 x 10° °C~! and for 
inganin, @ = 15 x 10° C-1. 

Q. 1.25. Why is manganin used for making standard 
sistors ? Give two reasons. 

(P5:S.6 Eo 2999, SH:SSCEY1999 9,0. B:5. Bil 995) 

Ans. Being an alloy, its resistivity is very high and 
nperature coefficient of resistance is very low. 

Q. 1.26. Name the materials used for making standard 
sistance. Give reasons for this choice. 

Ans. The alloys, such as manganin, constantan or 
shrome are used for making standard resistance. The alloys 
»used for this purpose for the reason that they possess high 
sistivity and low temperature coefficient of resistance. 

Q. 1.27. Name any one material having a small value 
temperature coefficient of resistance. Write one use of 
is material. (C.B.S.E. 1997) 

Ans. An alloy, such as nichrome, has a very small value 
temperature coefficient of resistance 4 x 10-4 °C-!. Because 
this, it is used to make standard resistance. 

Q. 1.28. Is the value of temperature coefficient of 
sistance always positive ? 

Ans. No, it is positive only for metals and alloys. For 
niconductors and insulators, the value of a is negative. 

Q. 1.29. What is a thermistor ? 

(P.S.S.C.E..1999 , 2000 ; H.S.S.C:E. 1994) 

Ans. A heat sensitive resistor, whose resistance varies 
sreciably with temperature, is called a thermistor. 


Q. 1.30. What is a superconductor ? 

(P.S.S.C.E. 2000, 1999, 1998 S) 
Ans. A conductor, which loses all signs of resistance on being 

cooled to its critical temperature, is called a super-conductor. 

Q. 1.31. What is meant by critical temperature in 
reference to superconductivity ? 

Ans. The temperature of the conductor, at which all 
signs of its resistance disappear, is called critical temperature. 

Q. 1.32. What are the carriers of current in a super- 
conductor ? 

Ans. The carriers of current in a superconductor are 
mutually coherent electrons. 

Q. 1.33. State two applications of superconductors. 

(P.S.S.C.E. 2002, 2000, 1995) 

Ans. 1. Superconductors can be used to transmit electric 
power without any loss of electric energy. 

2. They can be used to produce very intense magnetic 
field without any expenditure of electric energy. 

Q. 1.34. Why are resistances connected in series and in 
parallel. 

Ans. The resistances are connected in series to increase 
the resistance of the circuit ; while they are connected in 
parallel, when resistance of the circuit is to be decreased. 

Q. 1.35. A wire has a resistance of 90Q and it is cut into 
three pieces having equal lengths. If these are now 
connected in parallel, find the resistance of the combination 


so formed. (PS.5.C. Bad 9O/ ; FSSC. E1997) 
Ans. When the wire having resistance of 90 Q is cut into 


90 
three equal pieces, each piece will be of resistance — i.e. 


30 Q. If Rp is resistance of their parallel combination, then 


SNe ah Ea or R,=10Q 
R, 30 30 30 10 P 

Q. 1.36. Given the resistances of 1 Q, 2 Q and 3 Q. 
How will you combine them to get an equivalent 
resistance of 6 Q and 6/11 Q? 

Ans. In order to obtain an equivalent resistance of 6 Q, 
the given resistances should be connected in series and to get 
6/11 Q, these resistances should be connected in parallel. 

Q. 1.37. A student obtains resistances of 3, 4, 12 and 16 
ohm using two metallic resistance wires, either separately 
or joined together. What is the value of resistance of each 
of these wires ? (CiB.SHED T99/) 

Ans. When two resistances are connected in series, the 
equivalent resistance is always greater than the individual 
resistances. On the other hand, when they are connected in 
parallel, the equivalent resistance is always less than either 
of them. Hence, of the measurements 3, 4, 12 and 16 Q; 16 Q 
represent R, and 3 represents Rp. Obviously, the resistances 
of the two wires are 4 Q and 12 Q. 

Q. 1.38. Define electromotive force (e.m.f.) of a cell. 

CPSto GE. 2002) 2000; 1999, LIS Fd, O.de-Es 1997'S) 

Ans. The potential difference between two poles of a cell, when 
no current is drawn from it, is called electromotive force (e.m.f.) of 
the cell. 

1.39. On what factors does the internal resistance of a 
cell depend ? (P.S.S.C.E. 2001) 

Ans. Internal resistance of a cell depends on the 
following factors : 

1. The nature of electrolyte 


‘The nature of electrodes 
3. The distance between electrodes 
4. The area of electrodes inside the electrolyte. 
Q. 1.40. A cell of e.m.f. 2 V and internal resistance 0.1 
Q is connected to a 3-9 Q external resistance. What will be 
the potential difference across the terminals of the cell ? 
(C.B.S.E. 2001 S) 
Ans. Here, E=2 V;r=0.1Qand R=3.9 Q 
The terminal potential difference is given by 
E 2) ae 
V=——— R=———_ 
R+r 3:9+0-1 
Q. 1.41. A low voltage supply, from which one needs 
high currents, must have very low resistance. Why ? 
(Text Question) 
Ans. The maximum current that can be drawn from a 
voltage supply is given by 
i E 


Max sm 


= 1-95.V 


Obviously, I, Will be large, if r is small. 
Q. 1.42. A high voltage supply (H.T.) must have a very 
large internal resistance. Why ? (Text Question) 


Ans. If the circuit containing the H.T. supply gets short 


A ()_| FREQUENTLY ASKED SHORT ANSWER QUESTIONS ~ 


Q. 1.01. A (Hes number of free electrons are present 
metals. Why is there no current in the absence of electric 
.1eld across it ? (PS.S.C.E, 1998 S) 
Ans. The motion of free electrons is random i.e. the 
electrons move in all directions haphazardly. When electric 
field is applied, each free electron experiences a force in a 
-ection opposite to that of the field. Due to this, the electrons 
acquire drift velocity. There is a net flow of charge, which 
constitutes the current. In the absence of electric field, it does 
not happen so and hence there is no current. 

Q. 1.02. The current I flows through a wire of radius r 
and the free electrons drift with a velocity v,. What is the 
drift velocity of electrons through a wire of same material 
but having double the radius, when a current 2 I flows 
through it ? 

Ans. Let n be the electron density of the material of the 
wire. 


ERAGE I 
nAe 


Then, vg = 5 ..(1) 


nxmr xe 


Let vq’ be drift velocity of electrons in the second wire. 


416 I’ 
Vv a 
Then, Ug Are 
Here, I’=2land A’=2(2r)*=4a Pr 
21 1 I 
v= —————>— = ...(1i) 
4 nx4ar2-xe 2nxarre 


From equations (i) and (ii), we have 
Uq = vq/2 
Q. 1.03. What happens to the drift velocity (vg) of 


electrons and to the resistance (R), if length of a conductor 
is doubled (keeping potential difference unchanged) ? 
(C.B.S.E. 2002) 


circuited a 


the safe limit, in case ‘the fatevral's reise of H.T. supply 
very large. 

Q. 1.43. In what respect, does a nearly discharged lea 
acid secondary cell differ mainly from a freshly charged ce 
in its e.m.f. or in its internal resistance ? (Text Questio1 

Ans. It mainly differs in internal resistance. A near! 
discharged lead acid secondary cell possesses a very hig 
internal resistance in addition to a lower value of e.m-f. 

Q. 1.44. A car battery is of 12 V. Eight dry cells of 1.5 
connected in series can give 12 V. But such cells are not use 
in starting a car. Why ? (C.B.S.E. 2001 : 

Ans. To start a car, a very high current is required. A ci 
battery can provide the required high current due to very lo 
value of its internal resistance. When eight dry cells are joine 
in series, the internal resistance of the combination of the cel 
becomes very high. Due to high value of internal resistanc 
the current that can be drawn from the cells is very sma 
Hence, such cells cannot be used to start a car. 

Q. 1.45. It is easier to start a car engine on a warm dz 
than on a chilly day. Why ? (Text Questior 

Ans. With increase in temperature (on a warm day), tl 
internal resistance of the car battery decreases. 


With Answers/Hints 


Ans. Drift velocity of electrons is given by 


eE 


v,=—T 
d sm 


If V is potential difference across the conductor of leng' 
I, then 
E=~ 
l 


eV 
Therefore, ug =—— T 


m 
As | is doubled (keeping potential difference uncha1 
ged), the drift velocity will become half of the initial valu 
As Ris directly proportional to length, the resistance w 
become double of initial value, when length is doubled. 
Q. 1.04. If the current supplied to a variable resistor 
constant, draw a graph between voltage and resistance. 
USiC.Bs £99 
Ans. From Ohm’s law, V =I R 
If a constant current is passed, then the above relatic 


_ represents a straight line passing through origin. Hence, whe 


a constant current is passed through a variable resistor, tl 
graph will be as shown in Fig. 1.45. 


I = CONSTANT 


| Be eet 
Fig. 1.45 
Q. 1,05. Deduce dimensional formula for potenti 
difference. a artes Oy rag a | 


= work done per unit charge 


Iv]= work _ work 
charge current x time 
[MET] 
oa eee SS M 12 T3 hot 
[A] x [T] 


Q. 1.06. What are ohmic and non-ohmic resistors ? Give 
e example of each. (H.S.S.C.E. 2002) 

Ans. Ohmic resistor. A resistor, which obeys ohm’s law is 
led an ohmic resistor. For example, resistance possessed by 
netallic conductor is ohmic in nature. 

Non-ohmic resistor. A resistor, which does not obey ohm’s 
v, is called a non-ohmic resistor. For example, resistance 
ssessed by a semiconductor diode is non-ohmic in nature. 

Q. 1.07. Define resistivity of a material and discuss the 
ctors on which it depends. (1745.5:C:E. 1997 $) 

Ans. The resistivity of the material of a conductor is defined 
the resistance offered by a wire of this material of unit length and 
it area of cross-section. 

The resistivity of a conductor is given by 

m 


ne-t 


Thus, the resistivity of the material of a conductor varies 
(i) inversely as the value of number of electrons per unit 
volume in the conductor. 
(ii) inversely as the value of average relaxation time of 
the free electrons inside the conductor. 

The value of n depends upon the nature of the material 
the conductor, while the average relaxation time depends 
on the temperature of the material. 

Q. 1.08. Define resistivity of a material. Does it depend 
| temperature ? (CB. E. 1997) 

Ans. For definition of resistivity, refer to section 1.09. 

Yes, resistivity of a material depends on temperature. 

Q. 1.09. Find out the resistivity of a conductor in which 
‘urrent density 2:5 x 10° A m™ is found to exist, when an 
-ctric field of 15 V m™! is applied onit. (I.S.C.E. 1998) 

Ans. Let /! and A be length and area of cross-section of 
> conductor respectively. 


Here, current density, * 225° Atm 


electric field, : =15Vm! 


Aw Vi AS yile/ I 
Now, resistivity, OO aie sh agen 
1 
oa = 6% 10% Om 
2-5x10 


Q. 1.10. A wire of resistance 1 ohm is stretched to 
uble its length. What is the new resistance ? 

GBP S.o.6 bs 2002, 1890 @ 7P.5.0.C.E, 1995"; 

. C.B.S..E. 1994) 

Ans. Let the wire be of length/ and area of cross-section 


If resistivity of its material is p, then 


original resistance of the wire, R, = p a 


When the wire is stretched to double its length, then its 
2a of cross-section reduces to half of the initial area of cross- 
ction. Therefore, new resistance of the wire, 


A/2 A 
Since R,=1,we have 
R,=4x1=4Q 


Q. 1.11. Two wires of equal lengths, one of copper and 
the other of manganin have the same resistance. Which wire 
is thicker ? (C.B.5:E, 1995, 1991) 

Ans. Let p, and p, be resistivities of copper and 
manganin and A, and A, be the areas of cross-section of the 
wires made of copper and manganin respectively. Since two 
wires have equal lengths and have the same resistance, 

l l AYP 
IRE a Oa ig a 
1 2 ya oP) 

Since resistivity of copper (p,)is less than that of 
manganin (p,), it follows that area of cross-section of copper 
wire(A,) is less than that of manganin wire (A,). Thus, 
manganin wire is thicker. 

Q. 1.12. Compare the resistance of two wires of same 
material. Their lengths are in the ratio 2 : 3 and their 
diameters are in the ratio 1: 2. 

Ans. Let the lengths of the two wires be 21 and 3 / and 
their diameters be D and 2 D respectively. Let p be the 
resistivity of the material of the two wires. Now, 


l I l 


RPA Papa aD? 
Therefore, R= 4p— 5 =8p—s 
and? tae paz are 
Hence, B.-{ep—a} /[seta|-$ 


Q. 1.13. A given wire having resistance R is stretched 
so as to reduce its diameter to half of its previous value. 
What will be its new resistance ? (7.5:S.@ E2002) 

Ans. Let! be length and A be area of cross-section of the 
wire. Then, 

R=Pp x ...(i) 

When the diameter of the wire is reduced to half of its 
previous value, its new area of cross-section will become one 


fourth i.e. 


A'=A/4 

If I’ is new length of the wire, then 
PAS= 1A” vor) 1°RAYA= PAS or Pia 4i 

Therefore, new resistance of the wire, 

R’ Poty 41 

=p aa p A/4 
l 

or R’=16 P rr ...(1i) 
From equation (i) and (ii), we have 

R’=16A 


Q. 1.14. A potential difference V is applied across a 
conductor of length L and diameter D. How are the electric 
field E and the resistance R of conductor affected, when in 
turn (a) V is halved (b) L is halved and (c) D is doubled ? 
Justify your answer in each case. (C.B.S.E. 1997) 


Ans. Fig. 1.46 shows a wire of length and diameter vy, 
across the two ends of which, a potential difference V has been 
applied. 


Fig. 1.46 7 
If p is resistivity of the material of the wire, then 
resistance of the wire, 


R=p~=p—s— 

A mle | 4 
4L 
or — 
nD? 


V 
Also, electric field along the wire, E= 7 


(a) When V is halved : There is no effect on resistance 
of the wire. 

When potential difference is made V’ = V/2, the electric 
field will become 


Pe 


Fe, ti 2\Ghsjunal, 


i.e. electric field will also get halved. 
(b) When L is halved : When length is made L’ = 5 the 


resistance of wire will become 


L/2 We Loe R 
ery 21° aD? 2 


i.€. resistance of wire will also get halved. 
Also, the electric field will become, 
Poe v = Mi -2(7)=26 
| Dyan a LAY es E 
i.e. electric field will become twice. 


viW/2_1(¥)_E 


R’ = 


(c) When D is doubled : When diameter of the wire is 


made D’ = 2 D, the resistance of the wire will become, 


TL bl or sm Do 4 


i.e. resistance of wire will become onefourth. 

There is no effect on the electric field. 

Q. 1.15. Write down a simple relationship to show the 
variation of resistance with temperature. Define 
temperature coefficient of resistance. (TS: £71995) 

Ans. The resistance of a metallic conductor at 
temperature @ °C is given by 

R=R, (14.0.8), 
where R, is its resistance at 0°C and a, temperature coefficient 
of the material of the conductor. 

From the above equation, we have 

Rr R, 
Rx@ 

Hence, temperature coefficient of the material of a wire is 
defined as the increase in resistance per unit resistance of the 
conductor at 0°C per degree rise of temperature. 

Q. 1.16. The variation of resistance of a metallic con- 
ductor with temperature is given in Fig. 1.47. (i) Calculate 
the temperature coefficient of resistance from the graph. 


[ 
i 


with rise in temperature. 


ii) State why the resistance of the tor increa: 
Rw. BS Ee 1998 


RESISTANCE —~> 


kD 


o°c 
TEMPERATURE (°C)—> 
Fig. 1.47 
Ans. Consider a point A on the gio per ees 
graph [Fig. 1.48]. 


RESISTANCE —~> 


re 
ae eye py 


0°C 0 
TEMPERATURE (CQ) 53 


Fig. 1.48 
Let R be resistance of the conductor and @ be 
temperature corresponding to point A on the graph. 
(i) Temperature coefficient of the conductor, 


_R=R, 
Rx@ 
(ii) The resistance of a wire is given by 
! ay at 
R = p —_—= ; ce 
A one*t A 


___-When temperature of conductor is increased, its aver: 
~ relaxation time decreases due to increase in frequency 


collision of electrons with atoms and ions. Since R « Ne 
is 


resistance of the conductor increases with rise in temperatt 

Q. 1.17. The voltage-current variation of two meta! 
wires X and Y at constant temperature are as shown in I 
1.49. Assuming that the wires have the same length a 
same diameter, explain which wire will have a lar; 
resistivity and why ? (C.B.S.E. 1998 


Xx 


—_ 


Ve 
Fig. 1.49 
Ans. Suppose that the two wires X and Y poss: 
resistances R, and R, respectively. Further, suppose that th 
materials are of resistivity p, and p, respectively. Since 
two wires are of same length / and area A, 


' 


Ba a 
Suppose that a potential difference V is applied across 


.e two wires X and Y as shown in Fig. 1.50. 


Ri =p) Vs 


% Fig. 1.50 

It follows that current through wire X will be greater 
1an that through wire Y i.e. I, > Ip. 

The resistances of the wires X and Y are given by 


V Vv 
Ry = Sa and R> =— 

Since I, > I,,it follows that R, < R, 
i.e. PI w <p2 A or P1 <P> 


e. wire Y has greater resistivity. 

Q. 1.18. V-I graph for a metallic wire at two different 
>mperatures T, and T, is as shown in the Fig. 1.51. Which 
f the two temperatures T, and T, is higher and why ? 


(C.B.S.E. 1998) 
AF 


1 
I 
1 
| 
| 
| 
I 
I 
| 
I 
I 
| 
V—> 
Fig. 1.51 


Ans. If the same potential difference V is applied, current 
qual to I, and I, will flow through the wire, when its 


>mperature is kept at T, and T, respectively. Since oe ~ > 
follows that resistance of the wire is more at temperature 
> - Further, as in case of metals, the resistance increases with 
ise of temperature, T, > T, . 

Q.1.19.A piece of copper and another of germanium 
re cooled from room temperature to 100 K. What will 
appen to their conductivities ? Explain. (P.S.S.C.E. 1993) 

Ans. Copper possesses positive temperature coefficient, 
vhereas the germanium possesses negative temperature 
oefficient. Therefore, if they are cooled from room tempera- 
ure to 100 K, the resistance of copper will decrease and that 
f germanium will increase. In other words, the conductivity 
f copper increases and that of germanium decreases. 

Q. 1.20. What is the total value of resistance between 
oints A and B in the network shown in Fig. 1.52 ? 

Ans. If a battery is connected across the points A and B, 
hen same current will flow through all the resistances and 
ence the five resistances each of value R are in series. 


B 
Fig. 1.52 


Therefore, total value of resistance between points A and 
B is equal to 5 R. 

Q. 1.21. In how many equal parts a wire having 
resistance of 100Q be cut, so that we may obtain a resistance 
of 1 Q by connecting them in parallel ? 

Ans. Suppose that the resistance of 100 Q is cut into 


100 
equal parts. Then, the resistance of each part will be ioe Q. 


When these n parts are connected in parallel, the effective 
resistance becomes 1 Q. 


iby Ae bat + n ti 1 
100. 100) 1000s has Pst vt] 
n= 
or — =] or n=10 
100 


Q. 1.22. When two resistances are in series, they have 
value 25Q and in parallel 4Q. Findeach. (H.S.S.C.E. 1997) 
Ans. Let R, and R, be the two resistances. 


Here, R= 250; R,=4Q 
Steripiecerinhn, ibe te ete 
Toh wae ehh 


Solving the above two equations, it can be obtained that 
R,=5Q and R,=20Q0 
Q. 1.23. A set of n identical resistors, each of resistance 
R ohm, when connected in series have an effective 
resistance of X ohm and when the resistors are connected 
in parallel, the effective resistance is Y ohm. Find the 
relation between R, X and Y. (GobrS el 996) 
Ans. When 1 resistors, each of resistance, R are 
connected in series, then 
DESI eG) 
When 1 resistors, each of resistance R are connected in 
parallel, then 


R 


Ne FE PAU) 


n 
Multiplying equations (7) and (ii), we have 
Rsp2 
XY=nRx nar R 


ReYGX Y 
Q. 1.24. You have three resistances of value R each. 
How will you connect these for obtaining a total resistance 
of 3 R/2? Show this connection by a diagram. 
(PS.5.C.E, 1996 S) 
Ans. A parallel combination of two resistors, each of 
resistance R should be put in series with the third resistor of 
resistance R as shown in Fig. 1.53. 
R 


Fig. 1.53 


QO. 1.2 ree re 
connected in parallel. Five resistors, eac of resistance 8 Q 
are connected in parallel. Another three resistors, each of 
resistance 10 Q are in parallel. If these three parallel 
combinations are in series, find the effective resistance of 
the circuit. (Karnataka, 1988) 

Ans. The effective resistance of three resistors each of 


4 
4Q in parallel, R,= a 1:333 Q 


The effective resistance of five resistors each of 8 Q in 


parallel, R, = : =1:6Q 


The effective resistance of three resistors each of 10 Q 


in parallel, R, = = = 3-333 Q 


As the three sets are connected in series, the effective 

resistance is given by 
R=R, +R, + Rg =1:333 + 1-6 + 3-333 
= 6-266 Q 

Q. 1.26. Givenn resistors each of resistance R. How 
will you combine them to get the (i) maximum, (ii) 
minimum effective resistance ? What is the ratio of the 
maximum to the minimum resistance ? (Text Question) 

Ans. (i) The resistance will be maximum, when resistors 
are connected in series. Therefore, maximum resistance, 


1 fleet: j 
Si sb ech ee iar n times =— 
Be te 
R 
va Rain He. 
Retna tt B 
Rinin R/n 


Q. 1.27. A and B are two poins on a circular ring made 
of uniform wire of resistance R. If the part AB of the ring 
subtends an angle @ at the centre C of the ring [Fig. 1.54], 
find the resistance of the ring between points A and B. 


Fig. 1.54 
Ans. Let r be the radius of the ring. Then, 


resistance per unit length of the ring = 5 
mr 


Let I, be the length of the part of the ring subtending 
angle @ at the centre of the ring. Then, ‘ 
Peat 
1 
If R, is resistance of the part of the ring subtending angle 
6 at the centre of the ring, then 


ie Re 


=1,0.x = — 
Vy pig 20 


R 
ys = e Dagar 


ay 


NT 


‘the ring. Its length will ber (2 2- 6) and res 
Reval eke vee) 
ur 20 

Between the points A and B, the resistances of the tv 
parts of the ring are in parallel. Therefore, effective resistan 
of the ring between points A and B, 


R, Ry _ (RO/2”)x[R(2m-6)/21 


R, =r (22-6) x 


Roy Ri +R, (RO/2z)+IR(Qm —6)/22 
—_— R 
1 


Q. 1.28. A uniform wire of resistance R is shaped in 
a regular n sided polygon, where n is even. Find tl 
equivalent resistance between (a) opposite corners of tl 
polygon and (b) adjacent corners of polygon. 

Ans. When a uniform wire of resistance R is shaped in 
a regular 1 sided polygon, 


the resistance of each side of polygon = B 
n 


(a) Resistance of polygon between opposite corne: 
Let R, and R, be resistances of the two parts of the polyge 
Then, 
toa BR ia 
R = R = —xX— = — 
ES} tol ipa tases 
Since the two parts are in parallel with each other, t! 


resistance of the polygon between opposite corners, 
RRR wi RY 2ERYTIOR 
Rob Ro---RIZER/2. 4 

(b) Resistance of polygon between adjacent corne: 
The polygon is equivalent to the combination of two res: 
tances R, and R,, where 


, 


R, = resistance of one side = — 


and R, = resistance of (n — 1) sides connected in serie 
_(n=-1)R 


n 
Therefore, resistance of the polygon between adjace 
corners, 


R/nx(n-1)R/n _(n-))R 
R/n+(n-1)R/n Ro, Ns 
Q. 1.29. A battery of e.m.f. E and internal resistance 
sends a current I, and I,, when connected to an extern 
resistance of R, and R, respectively. Find the e.m.f. ar 
internal resistance of the battery. 


” 


Ans. Now, I; = - 
Rj “lf 
Also, I,= ~ 
R> eee 
or E =1,(R, +” wel 


From equations (i) and (ii), we have 
fel Ryw dy Ry 
I,-l, 


or 


1 Ry; -I, na 


E=1,R,+n=h [Ry 
I,-] 


I, I, (R; —R,) 
i-h 
Q. 1.30. The storage battery of a car has an e.m.f. of 12 
If the internal resistance of the battery is 0-4 Q, what is 
e maximum current that can be drawn from the battery ? 
. (Text Question) 


or c= 


Q. 1.01. A wire is carrying current. Is it charged ? 

Why ? 

Ans. No. Electric current is the flow of free electrons in 
e conductor. At any instant, the number of electrons leaving 
e wire is always equal to the number of electrons flowing 
ym the battery into it. Hence, the net charge on the wire is 
ro. 

Q. 1.02. The electron drift speed is estimated to be 

very low. How there is current established almost the 
stant a circuit is closed ? (Text Question) 

Ans. The information about beginning of the flow of 
trent is transmitted through the propagation of 
sctromagnetic waves (electric impulse) and not with the 
ift velocity of the electrons. Hence, the electric bulb turns 
, almost instantly, when the switch is closed. 

Q. 1.03. Two wires of the same material having 

lengths in the ratio of 1: 2 and diameters in the ratio 
2:3 are connected in series with an accumulator. 
mmpute the ratio of the potential difference across the two 
ires. (C.B.S.E. Sample Q. Paper) 

Ans. Let lengths of the two wires 1 and 2 be 1, = x and 
= 2 x and their diameters be D, = 2D and D, = 3 D, 
spectively. Let p be resistivity of the material of the two 
ires. 

Then, resistance of wire 1, 


: 2 xe nS 
Rife pul eS 
1 Wk Pas Ne =p ap any) 
(=) 
The resistance of wire 2, 
l l 2% 8x 
Rp =p—-=p, 45= 


p whine sal ae Plraal.2 
A2 I ty” n (SP) 9 D* 


Then, total resistance of the series circuit, R = R, + R, 
8x 17 « 


Fs fink 1 us f 9nD? 
Let E be e.m.f. of the accumulator. Then, 
E_E 9D? 
1a Boe xt 
Now, potential difference across wire 1, 
E 92D? x _9E 
p : Wes ay a D2 _ 17 
and potential difference across wire 2, 
iS OA2R A a hie llaieel aah yas A 
TE” 5 eel Oe D! YT 


current in the circuit, I = 


V,=1R,= 


For ambitious, prilliant & -urious Students 


he, maximum furrenta is iiawil from the battery when 
external resistance in the circuit is zero i.e. R = 0. 


Bye ot2) 
fds FE BAN BPE 30 A 

Q. 1.31. Is internal resistance a defect of a cell ? Explain. 

Ans. The internal resistance of a cell is not a defect of the 
cell. It is an inherent characteristic of the cell. The cell 
possesses internal resistance, because the ions have to move 
against the background of other ions and the neutral atoms ° 
of the electrolyte. 


cs aha: EY Uinlie, 
Vp, 5 ig *8 E68 

Q. 1.04. Resistivity of the material of a conductor of 

uniform area of cross-section varies along its length 
as Pp = p, (1+ a x). Find the resistance of the conductor, if 
its length is L and area of cross-section is A. 

Sol. Consider a length element dx of the conductor at a 
distance x from its one end. Then, small resistance of the 
length element dx of the conductor, 


dx dx 
daR=p—= 1+ — 
p Po (1+@x) 


The resistance of the whole length of the conductor, 


L L ‘i D> L L 
R=[ar=[p, a+ tr ewe [ax+o fxdr 


0 0 0 0 
gaa 1 
sO se let ete -P}-0+Fa0?-0| 
A|! 0 "aa 2 
-f0(t4 Far?) 
Ave 2 


Q. 1.05. A parallel plate capacitor having plates of area 
A separated by a distance d is first filled with a 
dielectric of permittivity € and then with an electrolyte of 
conductivity o. Find the ratio between the capacitance of 
the capacitor in the first case and its conductance in the 
second. 
Ans. When the dielectric is filled between the plates of 
capacitor : The capacitance of the capacitor is given by 
c=55 fi 
When the electrolyte is filled between the plates of 
capacitor : The capacitor acts as a conductor of cross-sectional 


1 
area A, length d and resistivity oe Therefore, resistance of 
the capacitor is given by 


yihind 
o A 
If G is conductance of the capacitor, then 
Veg iO UA. 
G = R = ey ...(ii) 


Dividing equation (i) by (ii), we have 
Ce VETS és do rrtes 


G, -dQueAve a 


emperature 


ee times that { iB 
efficients of resistance of the conductors A and B are a, 
and @, respectively. Find the resistance of the series 
combination of the two conductors at 0°C. Also, find the 
temperature coefficient of the resistance of the series 
combination of the two conductors. 

Ans. Let R, be the resistarce of conductorA at 0°C. Then, 
resistance of conductor B at 0°C, Ry =nR, 

Let R and R’ be respectively the resistances of the 
conductors A and B at @°C. Then, 
R=R, (1+ a@ 9 
R’=Rj +a, O=nR, (1+ a ® 

If R, is the resistance of the series combination of the two 
conductors at 6°C, then 

R, =R+R’=R, (1+ a &) +R, (1+ @ 9) 

or =R, [1 +n)+(a,+na@,) 0 

SAP a| i) 
1l+n 


From equation (7) it follows that resistance of series 
combination of conductors A and B at 0°C is (1 + m) R, and 


and 


or R, =(1+n)R, E 


; Ae Oy tna 
their temperature coefficient is equal to Ta 
Q. 1.07. What should the resistances of the sections of 
@ a rheostat R,, R, and R, be in order to change the 
urrent passing through an electrical appliance of 
resistance R = 30Q by 1 A [Fig. 1.55], when the rheostat slide 
is shifted from one contact to another ? The circuit is 
powered by a source of E = 120 V. 


! 
E=120V 


R=30 Q 


Fig. 1.55 
Ans. When the rhcostat slide is at terminal 1: When the 
slide is at terminal 1, the rheostat is completely out of the 
circuit. Then, current in the circuit, 
E _ 120 _ 
RY oo 
When the rheostat slide is at terminal 2 : Now, the 
resistor R, is included in the circuit. This should decrease 
current in the circuit by 1 Ai.e. decrease to 4—1i.e.3 A. Thus, 


Z -=3 or ee 
R+R, 30+ Ry 
or 30+R,= = = 40 
or R, = 40-30=10Q 


resistors R, and R, are include 
current should Toe to3-—1=2A. Thus, 


E bod 120 = 
R+R,+Rp 30+10+R»o 
12 
or Ml bade or 40+ Ro = —— ce 
40+ R> 
or R, = 60 — 40 = 20 


When the rheostat slide is at terminal 4 : With 
inclusion of resistors R,, R, and R3, the current should n 


decrease to 2 — A. Thus, 
E i ‘ 120 ta 
R+R,+R.+R3 30+10+20+R3 
120 | 
or 60+R; = or 60 + R,= 
or R; = 120-60 = 602 


Note. In fact, the above arrangement of resistors for 
a conventional regulator (such as regulator used with 
electric fan) for regulating current in an electric circuit. 
Q. 1.08. A circular ring having negligible resistanc 
4 used to connect four resistors of resistances 6 R, € 
and R as shown in Fig 1.56. Find the equival: 
resistance between points A and B. 


Fig. 1.56 
Ans. The given network of resistors is equivalent to 
arrangement shown in Fig. 1.57. 


6R 


Fig. 1.57 
Let R“ be the equivalent of resistance of the para 
combination of three resistors, each of resistance 6 R. Th 


i 1 iL i! 3 
=—— + —~ + — =—_ 
Re OR) 6iRe GR OR 
Therefore, equivalent resistance of the network betw 
points A and B 
R, .=2R+R=3R 


equi 
Q. 1.09. What is the equivalent resistance betws 
points A and B of the circuit shown in Fig. 1.58 ? 
(LLT. 19 


On, ) kaa 


e given circuit may be redrawn as shown in Fig. 
2R 


Fig. 1.59 
The three resistances form a parallel combination. If R’ 
e equivalent resistance of the combination, then 


Teel A 1 ,i_itlt+2_2 

R’ POR OR URE CRORE PR 
or meek 
2 


10. Determine the equivalent resistance of the network 
wn in Fig. 1.60. (Text Question) 


Fig. 1.60. 
Sol. The network shown in Fig. 1.60 is a series combi- 
mn of four units. One such unit is shown in the Fig. 1.61. 


1Q 12 


Fig. 1.61 
llows that one such unit is equivalent to a parallel 
bination of tv. o resistances of 2 QO and 4 Q [Fig. 1.62]. 


22 
4Q 
Fig. 1.62 
Therefore, resistance of one such unit is given by 
Pty dd Londubilvitye 
Riv > 4) 54 4 
or R= : Q 
Therefore, resistance of the total network (4 such units) 
=4x fikG Q 


Q. 1.11. A battery of e.m.f. E and internal resistance r 
is connected to a variable external resistance R. Find 
value of R so that (a) current in the circuit is maximum 
(b) terminal potential across the battery is maximum. 
», find the maximum value of current in case (a) and 
imum terminal potential difference in case (b). 


Ans. (¢) The current in the circuit, 
ie : 
R+r 
It follows that current in the circuit will be maximum, 
when R +r is minimum i.e. R = 0. 
The maximum value of current, 


ajuda Anan 
me) 0s ae 
(b) The terminal potential difference across the battery, 
Er 
V=E-Irs=E- 
: R+r 


It follows that terminal potential across the battery will 
be maximum, when E r/R + r is minimum i..e R = ©. 


The maximum value of terminal potential difference, 
Nita: ae Er gt 
oO+Tr 

Q.1.12. A ‘secondary cell after long use has an e.m.f. 

1-9 V and. a large internal resistance of 380 Q. What 
maximum current can,be drawn from the cell ? Could the 
cell drive the starting motor of a car ? (Text Question) 

Ans. Here, E =1-9 V ; r = 380 QO 

The maximum current that can be drawn corresponds 
to zero external resistance. Therefore, 


o iL? = 0-005 A 
380 


max 


A motor needs’a current of 100 mA or so for a few 
seconds. Hence, it cannot be used to drive the starting motor 
of a car. 

Q. 1.13. Two identical storage batteries having e.m.fs. 

of E and the same internal resistance r are connected 
as shown in Fig. 1.63..Determine the potential difference, 
which will be established between points A and B. 


E 
Wn 
r 
A 
r 
An 
E AY 
Fig. 1.63 ) 


Ans. As the two batteries are connected in series, 
total e.m.f. of the batteries, E’=E+ E=2E 

and total resistance of the circuit, R=r+ r= 2r 
Therefore, current in the circuit, 


Now, potential difference between points A and B, 
V,— Vp =e.m-.f. of the either cell 
— potential drop across its internal resistance 
=E-rx Mg =E-E=0 
r 
Problem 1.14. A storage battery of e.m.f. 8-0 V and 
internal resistance 0-5 Q is being charged by a 120 V 
d.c. supply using a series resistor of 15-5 Q. What is the 
terminal voltage of the battery during charging ? 
(Text Question) 


Sol. Here, r=050Q;R=155Q0 


d.c. EnOply of F120 V V, the Wore e.m.f. in ee. tireuit . 
E = 120- 8-0 = 112-0 V 
Therefore, current in the circuit during charging, | 
E 112-0 
a eee agtl AY 
Rf" 15: 53085 

Terminal voltage of the storage battery would be equal 
to the sum of its e.m.f. and potential difference across its 
internal resistance i.e. 
terminal voltage = 8-0 + 0-5 x 7=11-5 V 


Q. 1.15. A storage battery is connected to a battery 


charger supplying V = 12-5 volt [Fig. 1.64]. The internal 

resistance of the storage battery is 1 2. What is the e.m.f. 

of the storage battery, if a current of 0-5 A flows through it 

during charging ? (Text Question) 
V=12'5 VOLT 


I=05A 


Fig. 1.64 
Ans. Let E be the e.m-f. of the: battery, The charging 


current I is opposed by the ean-f. of the piaenblp oe to, 


Ohm’s law, 
MIE = [7 
or BV =1Trel2Se0'sx Laei2 vi *> 


charged by an external supply, is the terminal voltage 
e secondary cell greater or less than 2-0'V ? 


Q. 1.16. When a secondary cell of e.m.f. 2-0 V is being 
§ q 


(Text Question) 


Ans. When a secondary cell is charged, the current 
during charging is in the direction of electrostatic field. As a 
result, the electrostatic field is greater than the non- 
electrostatic field existing inside the cell and hence the 
terminal voltage is greater than the e.m.f. of the secondary 
cell. 

Also, refer to Conceptual SAQ. 1.14. 

Q. 1.17. A dynamo has internal resistance r = 0-5Q and 
provides an e.m.f. E, = 240 V. It is connected to a 
storage battery of e.m.f. E, = 220 V and an external 
resistance R as shown in Fig. 1.65. At what maximum value 
of R will no current pass through the storage battery ? How 
will the battery operate, when the resistance R is larger or 
smaller than the above maximum value of R ? 


through the Dalery me the enti cunene say |, produc 
the dynamo passes through external resistance, 
on tea, aw 
RAR BS 
Also, for no current to flow through battery, the pot 
difference between the poles of the dynamo should be 
to e.m.f. of the battery i.e. 


Ne I= E, -E, _ 240- 2200 aah 
if 0-5 
From equations (7) and (ii), we have 
ee or Rig +05 = 6 
Roads POD 


or Rar = 95 Q 

“T£R>R,,,,, battery will be charged and when R < 
battery will be discharged. 

Q. 1.18. In the circuit shown in Fig. 1.66, each b 

is of 5 V and has an internal resistance of 0-2 Q. 
will be the reading of an ideal voltmeter connected « 


a battery ? (LPT: 
Fig. 1.66 
Ans. Here, ‘e.m.f. of each battery, B=5 V 


and internal resistance of each battery, r = 0:2 Q 
If I is current in the circuit, then 
reading of the voltmeter, V = E—I r, 
where I is current in the circuit. 
total e.m.f. of all the eight batterie 


Now, a ae a ee 
total internal resistance of all the batt 
pt 8x5 =25A 
8 x0-2 


Therefore, reading of the voltmeter, 
V=5-25x0-2=5-5=0 

Problem 1.19. (a) Three cells of e.m.f. 2:0 V, 1:8 7 

1-5 V are connected in series. Their internal resist 
are 0-5 Q, 0-7 Q and 1Q respectively. If the batt 
connected to an external resistor of 4 Q via a ver 
resistance ammeter, what would be the reading i 
ammeter ? 

(b) If the three cells above were joined in pai 
would they be characterized by a definite e.m.f 
internal resistance ? (Independent of external circuit). 
how will you obtain currents in different branches | 
circuit ? (Text Que 

Sol. Here, series resistor, R=4Q 

(a) When cells are joined in series, 

net e.m.f. of cells, E = 2-0 + 1-8+ 1:5 =5-3 V 

The total internal resistance of the cells in series, 

r=0-05 +0-7+1=1-750 
ERS aos 


= —_——-— = 0-922 A 
R,sutvndut 1 75... 5-75 VAs) 


od 
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Pz 


is: 


14. 


EY is 


i 


INO, ya 
d ee resistance. Since there 1 is no Perle for AY 


What is drift velocity of electrons ? How do you explain 
the flow of current in a conductor based on this ? 
What is drift velocity ? Establish the relation between drift 
velocity and electric current. 
(P.S.S.C.E. 2002, 2000, 1999 S, 1999, 1998, 1997, 1996 S ; 
1S.C.E. 1997) 
Establish the relation between drift velocity of electrons 
and the electric field applied to the conductor. 
(BS:S.E.E> 2002) 
State and explain Ohm’s law. 
Deduce Ohm’s law using the concept of drift velocity. 
(H.S.S.C.E. 1994) 
Is Ohm’s law universally applicable to all circuit ele- 
ments ? Explain. (Text Question ; Pre-degree Kerala, 1991) 
Discuss the various situations, which describe the failure 
of Ohm’s law. 
Define resistance and give its units. What are the factors 
on which the resistance of a wire depends ? 
What are the factors on which the resistance of a conductor 
depends ? Give the corresponding relation. 
(C.B.S.E. 1990) 
Define resistivity of a material. Does it depend upon the 
shape of the cross-section of the wire of the material ? 
What are its units in cgs and SI system ? 
A conductor of length / is connected to a d.c. source of 
potential V. If the length of the conductor is tripled by 
stretching it, keeping V constant, explain how do the 
following factors vary in the conductor : (i) drift velocity 
of electrons (ii) resistance (iii) resistivity. (C.B,S.E. 2000) 
Define resistivity of a conductor. Explain the variation of 
resistance with temperature in (a) metallic conductors and 
(b) semiconductors. (G.B.S.E.:1999) 
Define the term resistivity of a conductor. Give its SI unit. 
Show that the resistance of a conductor is given by 
ml 
neta’ 
where symbols have their usual meanings. 
(C.B.S.E. 2002) 
Define relaxation time of electrons in a conductor. Explain 
how it varies with increase in temperature of a conductor. 
State the relation between resistivity and relaxation time. 
(C.B.S.E. 2001) 
Define resistivity and state its SI unit. State and explain 
how the resistivity of a conductor varies with temperature. 
(C.B.S.E. 2001) 
Define specific resistance and express it in mass, charge, 
number density and relaxation time. (H.S.S.C.E. 2001) 
Define the terms : current, ampere, resistance, ohm, 
resistivity and conductivity. 
Define conductivity of a conductor. State its SI unit. Explain 


the variation of conductivity with temperature of a metallic . 


conductor. (C.B.S.E. 2002) 
Define conductivity of a conductor and state its SI unit. 
State and explain the variation of conductivity of ionic 
conductor with temperature. (C.B.S.E. 2001) 


State Ohm’s law and derive it from the basic ideas of drift 
velocity of electrons. (P.S.S.C.E. 2002, 2000) 


may be enlisted By using g Kirchhoff ’s laws. 


SREQUENTLY ASKED SHORT ANSWER QUESTIONS 


20. 


21. 


22. 


23: 


24. 


25. 


26. 


Pa 


28. 


Oe 


30. 


31: 


32. 


33. 


34. 


35: 


36. 


/REQUENTLY ASKED LONG ANSWER QUESTIONS | 


2. 


e Ol NOn-suy 


Carrying 3 Marks ~~ 
Explain the temperature dependence of resistivity in case 
of a conductor, a semiconductor and insulator. 
What is a thermistor ? How does it differ from an ordinary 
resistor ? Explain in brief. List a few applications of a 
thermistor. 
What is superconductivity ? Write its applications. 
(H.S.S.C.E. 1994) 
What are superconduciors ? Write their uses. 
(P:'8.6.C.E. 1995) 
Explain the colour code of resistances. 
(EES 6; Gs641998,.1995) 
How do you connect resistances in series ? Obtain 
expression for the resistance, when three resistances R,, R, 
and R, are connected in series. 
Find the total resistance of a circuit, in which three resis- 
tances are connected in parallel. (H.PS.S.C.E. 1998 S) 
Define e.m.f. of a cell. Is it the same as potential 
difference ? If not, how does it differ from it ? 
Distinguish between electromotive force and terminal 
potential difference of a cell. What are their units ? 
CHiS5:C.B1998' S) 
What is the internal resistance of a cell ? How it can be 
measured ? (H.S.S.C.E. 2001) 
What do you understand by internal resistance of a cell ? 
Why does a cell offer internal resistance ? Explain in brief. 
What is internal resistance of a cell ? Derive an expression 
for it. (PS.S.C.E. 2002, 1999) 
Define internal resistance of a cell. Prove that 


r= & = 1) R, 
Vv 
where R is external resistance used. (H.P.S.S.C.E. 1999) 
When a battery of e.m.f. E and internal resistance r is 
connected to a resistance R, a current I flows through it. 
Derive a relation between E,I, rand R. (C.B.S.E. 1992) 
Fig. 1.67 shows a cell with e.m.f. E and internal resistance 
r, connected to a voltmeter V and a variable resistance R. 
Deduce the relationship between V, E, R and r. How will 
the value of V vary, when Ris reduced? (I.S.C.E. 1998) 


Fig. 1.67 
Explain, how the cells are grouped in series. Obtain the 
condition for maximum current through the external 
resistor. 
Show with the help of a diagram, how the cells may be 
connected in parallel. Obtain the condition for the current 
to be maximum due to a parallel grouping of cells, when 


connected to an external resistance. 


Carrying 5 Marks 


State Ohm’s law. Derive the laws of resistances when they 
are connected : (i) in series ; (ii) in parallel. 
(Pre-degree Kerala, 1992) 


ee 


Obtain the condition for maximum current through a 


resistor, when a number of cells are connected (i) in series 
and (ii) in parallel. 


bd A.On Definition of current 


If 2:25 x 107° electrons pass through a wire in one minute, 
find the magnitude of the current flowing through the 
wire. (P.S.S.C.E. 2002) [Ans. 0-6 A] 
How many electrons pass through a lamp in 5 minutes, if 
the current through it is 0-1 A ? [Ans. 1-875 x 102°] 
A sulution of sodium chloride discharges 6-1 x 1016 Na* 
ions and 4.6 x 10!°. Cl ions in 2 s. Find the current passing 
through the solution. [Ans. 8-56 x 10° A] 
An electron moves in a circle of radius 0-15 m with a 
constant speed of 3-6 x 10°ms~!. What electric current does 
this correspond to ? [Ans. 6-1 x 10-9 A] 
The amount of charge passing through the cross-section 
of a wire in time f is given by 
g=at?+bt+c 

(a) What are the dimensional formulae of constants a, 
b, and c ? 
(b) If the values of constants a, b, care 3,5 and 2 in SI units, 
find the value of current at t = 3 s. 

[Ans. (a) [1 T1, [1] and [I T] ; (6) 23 A] 


ayPa B. On Drift velocity 


10. 


Type C. 
11. 


12. 


A current of 5 Ais passing through a metallic wire of area 
of cross-section 4 x 107° m2. If the number density of 
electrons in the wire is 5 x 1076 m-3,find the drift velocity 
of electrons. (Roorkee 1991) [Ans. 1-563 x 10m s“! ] 
A conductor with a cross-section of 10-4 m? carries an 
electric ares we 1-2 A. If the number of the free electrons 
are 5 x 1078 m-%, calculate the electron drift velocity. Charge 
on the electron, e=1-6x 10°C. [Ans. 1-5 x 10©ms71] 
A copper wire of diameter 1-0 mm carries a current of 0-2 
A. Copper has 8-4 x 1078 atoms per cubic metre. Find the 
drift velocity of electrons, assuming that one charge carrier 
of 1-6 x 10-!° C is associated with each atom of the metal. 

(LS.C.E. 1997) [Ans. 1-895 x 10 m s“!] 
A 10 C charge flows through a wire in 5 minutes. The 
radius of the wire is 1 mm. It contains 5 x 107? electrons 
per centimetre?. Calculate the current and drift velocity. 

[Ans. 3-33 x 10- A, 1.325 x 10 ms] 
What is the drift velocity of electrons in a silver wire of 
length 1 m, area of cross-section 3-14 x 10-° m? and 
carrying a current of 10 A. Given, charge on electron 
=16x101C Avogadro number = 6-02 x 1023, 
atomic weight of silver = 108 and density of silver = 
10-5 x 10° kg m°?. [Ans. 3-4 x 104 ms! ] 
On Electron mobility 
A potential difference of 6 V is applied across a conductor 
of length 0-12 m. Calculate the drift velocity of electrons, 
if the electron mobility is 5-6 x 10 m? V7! s*}. 

[Ans. 2:8 x 104 ms] 
A current of 1 A flows through a wire of length 0:24 m and 
area of cross-section 1-2 mm2, when it is connected to a 
battery of 3 V. Find the number density of free electrons 
in the wire, if the electron mobility is 4-8 x 10-6 m2 V-! sl, 
Given that charge on electron = 1-6 x 10-19. 
[Ans. 8-68 x 1028 m9] 


4. Hoe the cells are mixed grouped educe 
condition for obtaining maximum current throug) 
external resistance, when the cells are mixed groupe 


- FREQUENTLY ASKED NUMERICAL PROBLEMS. - 


For Practice 


TYPS D. On Current density 


A current of 2:4 A flows through a wire of cross-secti 

area 1-5 mm2. Find the current density in the wire. I 

wire contains 8 x 1028 free electrons per cubic m 

calculate the drift velocity of electrons. 

[Ans. 1-6 x 10° A m™ ; 1-25 x 104m 

14. Whena potential difference of 1-8 V is applied across a 

of length 0-15 m and area of cross-section 0-2 mn 

current of 2 A flows through the wire. If the nun 

density of free electrons in the wire is 6-8 x 1078 ; 

calculate the average relaxation time. Given that charg 

electron = 1-6 x 10-!? C and mass of electron = 9-1 x 1 

kg. [Ans. 4-36 x 107 

15. An aluminium wire of diameter 0-24 cm is connecte 

series to a copper wire of diameter 0-16 cm. The w 

carry an electric current of 10 A. Find (a) current densi 

free electrons in the aluminium wire and (b) drift velc 

of electrons in the copper wire. Given that numbe 
density of free electrons in copper = 8-4 x 1078 m3 

[Ans. (a) 2-21 x 10° A m (b) 3-7 x 104 m 


Type E. On Ohin’s law 


16. Apotential difference of 10 V is applied across a cond 
of resistance 1 kQ. Find the number of electrons flov 
through the conductor in 5 minutes. [Ans. 1-875 x1 


Type F. On Resistivity 


17. Anegligibly small current is passed through a wil 
length 15 m and uniform cross-section 6-0 x 10-7m? 
its resistance is measured to be 5-0Q. What is the resist 
of the material at the temperature of the experiment 

(Text Problem) [Ans. 2 x 1077 ¢ 

18. The resistance of 100 cm of a thin strip of a metal is fo 
to be 2:5 Q. The cross-section of the strip is a rectang 
2mm x 0-5 mm. Calculate resistivity of the materi 
strip. (Karnataka 1976)[Ans. 2:5 x10 ¢ 

19. Calculate the resistivity of the material of a wire 2 m1 
0-4 mm in diameter and having a resistance of 4 . 

CH-P.3:9.C.E. 19995 Poa Cred 
[Ans. 2513 x 107 ¢ 

20. Arheostat has 100 turns of a wire of radius 0-4 mm ha‘ 
resistivity 4-2 x 10-” Q m. The diameter of each tu 
3 cm. What is the maximum value of resistance it 
introduce ? [Ans. 7-87! 

21. Given that resistivity of copper is 1-68 x 10-8 ¢ 
Calculate the amount of copper required to draw a wi 
km long having resistance 10 Q. The density of copp 
8-9 x 103 kg m3. [Ans. 1495-2 

22. Find the relaxation time for free electrons in copper, i 
density of free electrons is 8-4 x 1078 m-3. Given 
resistivity of copper at room temperature = 1-7 x 10° ¢ 
mass of electron = 9-1 x 10-3! kg and charge on electr 
FORA [Ans. 2-49 x 107 

23. A wire of resistance 2 Q and resistivity 1-1 x 10° Q 
stretched, so that its length becomes three times o 
original length. Determine its new resistance and : 
resistivity. (PS.S.C.E. 1999 S) [Ans. 18 Q ; unchang 


‘wire. Sisi of 32 rn 
into a wire of h 
resistance of the new wire. What is the percentage change 
in resistance ? (C.B.S.E. 1997) [Ans. 75% (decrease)] 
25. Awire of stretched by 20%. What is percentage change in 

its resistance ? [Ans. 44%] 
26. A wire is of resistance R is stretched, so that its radius 
decreases by factor n. Calculate its new resistance. 
[Ans. n# R] 
27. A wire of uniform cross-section has a resistance of 9 Q. It 
is cut into three equal pieces. Each piece is stretched 
uniformly to three times its length and all the three 
stretched pieces are connected in parallel. Assuming that 
stretching of wires does not cause any change in density 
of their material, calculate total resistance of the 
combination described. (C.B.S.E. 1997) [Ans. 9 Q] 
28. Two wires is the same material having lengths in the ratio 
1:2 and diameters in the ratio 2 : 3 are connected in series 
with an accumulator. Compute the ratio of potential 
differences across the two wires. (H.S.S.C .E. 2009) 
[Ans. 9 : 8] 
29. Auniform copper wire of mass 2-23 x10-3 kg carries a 
current of 1 A, when a potential difference of 1-7 V is 
applied across it. Calculate the length and area of cross- 
section of the wire. If the wire is uniformly stretched to 
double its length, calculate the new resistance. Given that 
density of copper is 8-92 x 10° kg m™ and resistivity is 
1-7 x 108 Qm. (Roorkee 1995) 


[Ans. 5 m;5 x 108m? ; 6-8 Q] 
pe G. On Conductivity 

30. Calculate the conductivity of a wire of length 200 cm, area 

of cross-section 2 cm? and of resistance 5 x 104 Q. 
(PS.S.C.E. 1999) [Ans. 2 x 10-7 S m“] 
31. Calculate the conductance and conductivity of a wire of 
resistance 0-01 Q, area of cross-section 10 m? and length 
0-1 m. (H.S.S.C.E. 2000, 1999 S) 
[Ans. 100 S ; 10° S m1] 
32. Calculate the electric field in a copper wire of cross- 
sectional area 2-0 mm? carrying a current of 1 A. The 

conductivity of copper = 6-25 x 107 S mt. 

[Ans. 8 x 10° V m1] 


pe H. On Variation of resistance with temperature 


33. A wire has a resistance of 10-5 Q at 21°C and 16-4 Q at 
147°C. Find the value of coefficient of resistance. 

[Ans. 4-46 x10-9 K"!] 

34. At room temperature (27-0°C) , the resistance of a heating 

element is 100 2. What is the temperature of the element, 

if the resistance is found to be 117 Q ? Given that the 

temperature coefficient of the material of the resistor is 

170 x ts °C (Text Problem) [Ans. 1027 °C] 

35. The resistance of a tungsten filament at 150 °C is 133 Q. 

What will be its resistance at 500 °C ? The temperature 

coefficient of resistance of tungsten at 0 °C is 0-0045 °C-1. 

[Ans. 258 Q] 


ae |. On Colour code of Carbon resistance 


36. The colour code of a carbon resistance is as shown in Fig. 
1.68. What is the value of this resistance ? 
(H.S.S.C.E. 2001] [Ans. 24 x10” Q + 10%] 


RED VIOLET 


YELLOW _ SILVER 
Fig. 1.68 


alf of its original length. Calculate the 


A carbon resistor has three colours blue, yellow and red 
respectively. What will be the resistance ? 

(H.S.S.C.E. 2000, 1998) [Ans. 64 x 107 Q] 

38. A carbon resistor is marked in coloured bands of red, 

black, orange and silver. What is the resistance and 

tolerance value of the resistor ? (C.B.S.E. 2002) 

[Ans. 20 x 10° Q + 10%] 

39. Acarbon resistor is marked in coloured bands in the 

sequence blue, green, orange and gold. What is the 
resistance and tolerance value of the resistor ? 

(C.B.S.E. 2002) [Ans. 65 x 107Q + 5%] 

40. Avoltage of 200 V is applied across a colour coded carbon 

resistor with first, second and third rings of blue, black and 

yellow colours. What is the current flowing through the 

resistor ? (H.S.S.C.E. 1999) [Ans. 3-33 x 10-4 A] 

41. Draw the colour code scheme of 42 kQ + 10% carbon 

resistance. (H.S.S.C.E. 1998 S) 

[Ans. Yellow, red, orange and silver] 


TYPE J.On series and paraliel combination of 


resistances 


42. The total resistance of two resistors, when connected in 
series is 9 Q and when connected in parallel, their total 
resistance becomes 2 Q. Find the value of each resistance. 

(PS.S.C.E. 2000) [Ans. 6 Q, 3 Q] 

43. Two resistances are in the ratio 1 : 4. If these are 
connected in parallel, their total resistance becomes 20 Q. 
Find the value of each resistance. (P.S.S.C.E. 2000) 

[Ans. 25 2,100 Q] 

44. Aparallel combination of three resistors takes a current of 
5 A from a 20 V supply. If the two resistors are of 10 ohm 
and 8 ohm, final the value of third one. (P.S.S.C.E. 1999) 

[Ans. 40 Q] 

45. Aparallel combination of three resistors takes a current of 
7-5 A from a 30 V supply. If the two resistors are 10 ohm 
and 12 Q, find the third one. (PS.S.C.E. 1999) [Ans. 15 Q] 

46. Three resistances are connected to form the sides of a 
triangle ABC [Fig. 1.69]. The resistance of the side AB is 40 
Q, of the side BC 60 Q and of the side CA 100 Q. Calculate 
the effective resistance between the points A and B. 

(LLT. 1975) [Ans. 32 Q] 


100 Q 60 22 


40 Q 
Fig. 1.69 
47. The letter A is constructed with resistance wires of 
resistance 1 Q each as shown in Fig. 1.70. Find the effective 


resistance between the points Mand N. __[Ans. 2-67 Q] 
; A 
1Q 12 
B C 
12 1Q 
M N 
Fig. 1.70 


48. 


49, 


50. 


51. 


D2. 


53. 


The letter A is connected from a uniform wire of resistance 
1 Q cm". The sides of the letter are each 20 cm long 
and cross-piece in the middle is 10 cm long, while the 
apex angle is 60°. Find the resistance of the letter between 
two ends of the legs. (H.P.S.S.C.E. 1998) 

[Ans. 26-67 Q] 
The letter A consists of a uniform wire of resistance 
1 Q cm". The sides of the letter are 40 cm long and 
the crosspiece 10 cm long divides the sides in the ratio 
1: 3 from the apex. Find the resistance of the letter 
between the two ends of the legs. (P.S.S.C.E. 1998 S) 

[Ans. 66:67 Q] 
Calculate the equivalent resistance of the network shown 
in Fig. 1.71 between points A and B. [Ans. 12-73 Q] 


Fig. 1.71 
What is the net resistance between points A and B in the 


circuit shown in Fig. 1.72? (P.S.S.C.E. 1993) [Ans. 5 Q] 


6Q 
35Q 
2Q 
2°5Q 
—Wv—* 
A B 


Fig. 1.72 
Calculate the equivalent resistance of the network shown 


in Fig. 1.73 between points A and B. [Ans. 8 Q] 
5 Q 
seal aL 
A B 
Pigels73 


Find the equivalent resistance of the network shown in Fig. 
1.74 between points A and B. [Ans. 4-8 Q] 


54. 


55. 


56. 


57. 


58. 


Find the equivalent resistance of the network shown in 
1.75 between points A and B. [Ans. 2-£ 


a 


Fig. 1.75 
Find the charge on the capacitor shown in Fig. 1.76. 


5 uF [Ans. 10 
102 20 G2 
| 
3V 


Fig. 1.76 
Find the potential difference (V, — Vp) between poin 
and B in the network shown in Fig. 1.77. [Ans. | 


A 
22 3Q 
2A 
C D 
32 22 
B 


Fig. 1.77 
Determine the total resistance in the circuit as show! 
Fig. 1.78. Also determine the current in each resistor 
potential drop it. [Ans. 5 Q, 10 A through 12 Q, 2 
through 6 Q, 30 A through 4 Q, 180 V across 3 Q | 
120 V across each of 12, 6 and 4 Q resist 


ee 


Fig. 1.78 
In the circuit shown in Fig. 1.79, R; = 100 Q, R, = R; : 
Q, R, = 75 Q and the battery is of e.m.f., E = 4-75 V. F 
the equivalent resistance of the circuit and current pas: 
through the each resistor. 
[Ans. 118-75 Q ; I(R;) = 0-04 A ; I(R,) = 0-018 
I(R3) = 0-015 A, I(R,) = 0-0: 


Ry 
+ 4t 


Fig. 1.79 


3Q 
60A 


h each 


B (b) points A and i BHoWH in Fig. 1.80. 


[Ans. (a) 27-5 Q (b) 30 Q} 68. 


10. Q 102 102 


Fig. 1.80 
0. Calculate the current shown by the ammeter A in the 70. 


(C.B.S.E. 2000) 
[Ans. 3-6 A] 


circuit diagram given in Fig. 1.81. 


502 


10V 
Fig. 1.81 
e K. On Internal resistance of a ceil 


1. The e.m.f. of a cell is 1:5 V. On connecting a 14 Q 
resistance across the cell, the terminal potential difference 
falls to 1-4 V. Calculate the internal resistance of the cell. 

(H.S.S.C.E. 2001) [Ans. 1 Q] 

2. Two poles of a cell of e.m.f. 1-5 V are connected to the ends 
of a 10 Q coil. If the current in the circuit is 0-1 A, calculate 
the internal resistance of the coil. (Karnataka, 1983 S) 

[Ans. 5 Q] 


3. The e.m.f. of Daniel cell is 1:09 V and internal resistance 72. 


is 2 Q. If the terminals of the cell are joined by a wire of 
resistance 18 Q, find the potential difference recorded by 
a high resistance voltmeter also connected to the terminals 
of the cell. [Ans. 0-981 V] 


4. In the circuit, shown in Fig. 1.82, the voltmeter reads 73. 


1-5 V, when the key is open. When the key is closed, the 
voltmeter reads 1:35 V and ammeter reads 1-5 A. Find the 
external resistance R and the internal resistance of the cell. 

{Ans. 0-9 Q ; 0-1 Q] 


Fig. 1.82 
5. Ifa battery of e.m.f. 6:6 V can supply a current of 3 A 
through a resistance of 1-8 Q, what current does it supply 
through another resistance of 2:9 Q. Also calculate internal 


resistance of the battery. 
6. Two resistances of 6 Q and 12 Q are connected in parallel. 
Their terminals are connected to a battery of e.m.f. 4-8 V 
and internal resistance of 2 Q. Find the current supplied by 

the battery and the current through each resistance. 
[Ans. 0:8 A, 0-533 A, 0-267 A] 
7. Acell of e.m.f. 1-5 V and internal resistance 1 Q sends a 
current through wires of resistance 6 Q and 12 Q connected 


69. 


74. 


75. 


[Ans. o A, 0-4 Q] 76. 


[Ans. 0-2 A, 0-1 A] 
The potential difference across the terminals of a battery 
is 8-5 V, when a current of 3 A flows through it from its 
negative terminal to the positive terminal. When a current 
of 2 A flows through it in the opposite direction, the 
terminal potential difference is 11 V. Find the internal 
resistance of the battery and its e.m.f. [Ans. 0-5 Q, 10 V] 
The potential difference across the terminals of a 3 V 
battery is 3-6 V, when it is being charged by a current of 
1-5 A. What is the internal resitance of the battery ? 
[Ans. 0-4 Q] 
Find the magnitude of the current supplied by the battery 
in the circuit shown in Fig. 1.83. Also find the potential 
difference between the points P and Q. [Ans. 1 A, 1-5 V] 


BS]6NiH=15/2 
ns 


g. 1.83 


ine L, On Grouping of cells 


71. 


A galvanometer together with an unknown resistance in 
series is connected across two identical batteries each of 
1-5 V. When the batteries are connected in series, the 
galvanometer records a current of 1 Aand when the 
batteries are in parallel, the current is 0:6 A. What is the 
internal resistance of the battery ? (LIT. 1973) 

[Ans. 1/3 Q] 
Two identical cells, each of e.m.f. 2 V are connected in 
parallel. This combination is connected to a 5 Q resistor. 


“Tf the terminal voltage across the cells in the closed circuit 


is 1-5 V, calculate the internal resistance of each cell. 
(C.B.S.E, 1998 S) [Ans. 3-33 Q] 
Two identical cells of e.m.f. 1-5 V each joined in parallel 
provide supply to an external circuit consisting of two 
resistors of 17 Q each joined in parallel. A very high 
resistance voltmeter reads the terminal voltage of the cells 
to be 1-4 V. What is the internal resistance of each cell ? 
(Text Problem) [Ans. 1-214 Q] 
Three identical cells, each of e.m.f. 2 V and unknown 
internal resistance are connected in parallel. This 
combination is connected to a 5 ohm resistor. If the 
terminal voltage across the cell is 1-5 volt, what is the 
internal resistance of each cell. (G2B:S:E. 1999) 
[Ans. 5 Q] 
Two cells each of e.m.f. 1:1 V and internal resistance 2 Q 
are joined in parallel with a resistance of 10 Q. Find the 
current through the resistance and Deis each cell. 
s. 0-1 A, 0:05 A] 


MISCELLANEOUS PROBLEMS 


The earth’s surface has a negative surface charge density 
of 10-? C m~. The potential difference of 400 kV between 
the top of the atmosphere and the surface results (due to 
low conductivity of the lower atmosphere) in a current of 
only 1800 A over the entire globe. If there were no 
mechanism of substaining atmospheric electric field ; how 
much time would be required to neutralise the earth’s 
surface ? (This never happens in practice, because there is 


he 


continual thunder storms and lightning in different parts difference between points A and B. Given at E, = 
of the globe). Radius of the earth = 6-37 x 10° m. E, = 8 V,R, =3 Qand R, =12 [Ans. - 
(Text Problem) [Ans. 283-3 s] 


77. Find the equivalent resistance of the network shown in Fig. E, R, 
1.84 between points A and B, when (@) the key K is open I | 
and (b) the key K is closed. [Ans. (a) 2:5 Q (b) 2-4 Q) 


A B 
22 3Q 
| 
A K B E, Re 
Fig. 1.86 
3Q 22 
Fig. 1.84 
78. In the circuit shown in Fig. 1.85, determine the potential 
difference across the capacitor. [Ans. 12 V] 
3 UF 
B 3Q E b 
3Q 3Q 
3 Q 
A D 
F 
15V 
Fig. 1.85 
SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FOR PRACTICE 
ne 2°25x1029x1-6x 10722 9. Proceed as in problem no. 8. 
I= are 60 =0-6A 10. Mass of silver wire, 


m=AxI1xp=3-14 x 10° x 1x 10-5 x 10° 
= 3-297 x 10-2 kg = 32-97 g 
Therefore, number of atoms in silver wire 


6-02x 10” 
es . 32-97 = 1-838 x 107° 
Volume of wire = Al = 1x 3-14 x 10 = 3-14 x 10 
Assuming that there is one free electron correspondi 
each silver atom, number of electrons per unit volu 
the silver wire, 


2. Proceed as in solved problem no. 1.01. 

_ (+n )xe 

Sees ie 

_ (6-1x 101° + 4-6 x 10!%) x 1-6 x 1071? 


Eid 


= 8-56x 10° A 
4. The electron crosses a point on the circle once in every 
revolution. If vy is number of revolutions made by the 
electron in 1 s, then its motion along circle corresponds to 


23 
a current, = AGROB EAD, a =5-854x 1079 m3 
1 e ev 3-14 10 
l=ev=ex—= = 
eer pyro M2 ern 
Now, vg =——— 
1-6x 10-9 x 3-6 x 10° poner att eA 
= == . x 
22ax0-15 ck 10 

5. Here,q=at2+bt+c 5-854x 1078 x1-6x 107? x 3-14x 107° 

(a) Dimensions of each factor on R.H.S. of the above = 3-4 x 104 ms“ 

relation are that of charge i.e. current x time or [I T]. V 6 : 

IT 11. E=—=——=50Vm_ 

tal=|4|- 0. {I T"1] wi-|4 ety Ly 12 

a Veen a a 4 £) tr] Now, vj = E=5-6 x 10° x 50= 2:8 x 104 ms 

and [c] = [q] = [1 T] Wi 3 m4 

(b) Here, a=3,b=5andc=2 12. LS piarnerige 2b. 

d d 

Now, [ata af +bt+c)=2at+h Now, v=“ E=48 x 10 x 125 =6 x 105ms4 

 (att=3s)=2x3x3+5=23A Ae ee me bf nidd 
6. Proceed as in solved problem no. 1.03, nAe Ae vg 
7. Proceed as in solved problem no. 1.03 iv 1 
8. Diameter of wire, D = 1-0 mm = 107 m oy at 1-2X10°°x1-6 X10 X6X10> 


Therefore, area of cross-section of wire, seg 
= 8-68 x 10°° m™ 


D* x —3,2 
He = FAO =7-854% 1077 me? ‘4 Fes ed 2:4 Settee pticn ent? 
A 1-5x10° 


A= 


Now, proceed as in'solved problem no. 1.03 


14, 
15. 


16. 


21. 


22. 


Now, v, =—— = —S——“ 
ane 8x10%x1-6x10 
= 1-25x104ms! 
Proceed as in solved problem no. 1.09. 
(a) Area of cross-section of aluminium wire, 


A= = = 4.524 x 10-2 cm2 
A 4 
= 4.524 x 10° m2 
ered 10 : i 
Now, j=— =————— = 2:21 x 10° Am 


A 4-524x10°° 
(b) Area of cross-section of copper wire, 


_ «aD? _ 2x 0-16)" 


A = 2-01 x 10-2 cm? 


4 4 
= 2-01 x 10-6 m2 
Now, vg =—— 
neA 
7 10 
8-4x 1078 x1-6x10 !? x 2-01x10°° 
=3-7x104ms1 
y= ~ = ees 
R10 
Now, q =It or ne=It 
It _ 10 7x5x60 - 
or n=—= = 1-875 x 10 


e  1:6x10!? 
Proceed as in solved problem no. 1.11. 
Proceed as in solved problem no. 1.11. 
Proceed as in solved problem no. 1.11. 
Number of turns of rheostat wire, n = 100 
Diameter of a turn of rheostat wire, 
D=3cm=0-03 m 
Therefore, length of rheostat wire, 
l=n x circumference of one turn = n x a D 
= 100 x a x 0-03 m 

Area of cross-section of wire, 

A=ar2=2 x (0-4 x 10°)? m2 
Therefore, maximum resistance, which rheostat can 
introduce, 


1 4-2x10-7 x100x 2 x0-03 


peal a = 7.875 Q 
PR 2x (0-4x10-3)2 
1 Ae 
ey eae ARE 
Now, Rag or PR 
—8 3 
pa x x x 
or aA nen 10% 10 8s 68% 1078 m2 


10 
Mass of copper required, m = volume x density 
or m= Al x density 


= 1-68 x 10 x 10 x 108 x 8-9 x 103 = 1495-2 kg 


m m 
Now, p=—> or was 
WERT ne’ p 
et >, 9-1x1079! 
8-4x 1078 x(1-6x 10!) x 1-7x 10° 
=2-49x 10145 


Proceed as in solved problem no. 1.13. 

The resistivity of wire will remain unchanged, as it 
depends on the nature of material of the wire only. 
Proceed as in solved problem no. 1.13. 

Proceed as in solved problem no. 1.13. 


Now, pa (1) 
mr 


Lie 


28. 


29: 


30. 


ot. 


l' “ 
= Al 
p : r/ ny (ii) 
As the volume of wire must remain the same, 
2 
Ixar2-=I xa] — or l'=n?! 
n 
Substituting for I’ in equation (ii), we have 
2 
| 4 l 
‘=p —— =n" X p—z=n'R 
Ki a(r/n) ig mre 


: ; : 9 
Resistance of each piece of the wire, R = 3 =3Q 


Let/ be length and A, the area of cross-section of each piece 
of the wire. Then, 


l 


p oh =3 =. (2) 


When wire is stretched to three times to length i.e. 3 I, its 
area will decrease to A/3. Therefore, 
new resistance of a piece of wire, 


31 l 
R’ = p———=9X p— =9X3=272 
PR yg OR 


Let R,,’ be the equivalent resistance, when all the three 
pieces are connected in paralle. Then, 


_10 ap aaplaiann bt nts 
er aanamany PKR BpesP | 

Let! and 21 be length of the two wires and 2 D and 3 D be 

their diameters. If p is resistivity of their material, then 


l pl 

Ri ewe be Bee wei Pe 
nome ale 

21 l 

and R= aes 


Pa GBDY/4 92D? 
As the two wires are connected in series with av 
accumulator, same current will flow through the tw: 
wires. Hence, potential difference across the two wires will 
be proportional to their resistances. Thus, 


My Ry 9 

Vy" RY “8 
Now Ree eat a 
Ow, woe ® or I oa 

f Poy 1-7 7 

so a te et IO ai 
‘ A Wig, Ix17%10° . 


Also, mass of wire = volume x density 
or 2-23x 10 =AlIx 8-92 x 10% 


Ss 
5 x ; 
or j= 2x ES K'10-7 (ii) 
8-92x 10 
Solving equations (1) and (ii), we get, 
l1=5m and A=5x10*%m? 


When the wire is stretched to double its length, it can be 
found that its resistance will become four times. 
Therefore, new resistance, 


nea 1=+7x4-680 


Proceed as in solved problem no. 1.14. 


1 
Viaibiaces 


For finding conductivity, proceed as in solved problem 
1.14. 


Conductance, G 


a2. 


33. 
34. 


35. 


44. 


45. 
46. 


47. 


48. 


49. 


i 


Now, pee eee 6x107°°Qm 
Go 6:25x10 
Re pat 6x10~ x! gx 10-31 


A 2-0x107° 
Now, V=IR=1x8x1031=8x 1031 


Hence, B=—=8x109 Vm 


Proceed as in solved problem no. 1.16. 
Now, R, = R, [1 + @ @,- 4,)] 
or 117=100[1+1-7 x 10+ @, -27)] 
117 — 100 

100 x 1-7 x 1074 
Now, Rg=R, (1+ @ @) 

Rys9 = Ry (1 + 0-0045 x 150) (7) 
and Reog = Ry (1 + 0:0045 x 500) sti) 
From equations (i) and (ii), we have 

1+0-0045 x 500 


Rea = Ri eee 
500 0 1+0-0045 x 150 


Proceed as in solved problem no. 1.19. 

Proceed as in solved problem no. 1.19. 

Proceed as in solved problem no. 1.19. 

Proceed as in solved problem no: -1:19. 

To find R, proceed as in solved problem no. 1.19 and then 
find current through the resistor. 

Proceed as in solved problem no. 1.20. 

Proceed as in solved problem no. 1.23. 

Let R and 4 R be the values of two resistances. 


or @)= + 27.= 1027 °C 


Now, R eee or 20 = 0-8 R 
P R+4R 
or R=25@2 and, 4R=4x25=1002 
Now, R, == 49 
5 
Let R be the unknown resistance. Then, .. 
Miia Rita d des eslegiee. ded 271 1 
—=—+—_ 4+ — or = _ _ = 
4 e048 Reese OS Cer 40 
or R= 402 


Proceed as in problem no. 44. 
Let R,; = 40 Q, R, = 60 Q and Rz = 100 Q 
Between points A and B, a series combination of R, and 
R, is connected in parallel to R,. Let R, be resistance of 
series combination of R, and R3. Then, 
R, = R, + R; = 60 + 100 = 160 2 
Hence, the equivalent resistance between points A and B, 
_R, xR, _ 160 x 40 
R,+R, 160+40 
By proceeding as in problem 46, find the resistance R’ of 
the triangular part ABC. It can be obtained that 
R’ = 0-67 Q 
Hence, resistance between points M and N, 
R=1+R’+1=1+0-67 + 1 = 2-67 Q 
Refer to Fig. 1.70. Since apex angle is 60°, A ABC isan 
equilateral triangle i.e. AB = BC = AC = 10 cm. 


= 32Q 


' Also, BM = CN = 20-10 = 10 cm 


Further, as the wire has resistance of 1 Q cm™!, the 
resistance of each of the parts AB, BC, AC, BM and CN is 
10Q. 

Now, proceed as in problem no. 47 to find the effective 
resistance of the letter between two ends of the legs. 
Refer to Fig 1.70. Since cross-piece divides the sides of the 
letter in the ratio 1:3, 


50. 


51. 


52. 


AB = AC = 10 ¢ cm an 
Since the wire has resistance of 1 Q cm i , the resistant 
of the parts AB, BC, AC, BM and CN are 10 Q, 10 fe 
10 Q, 30 Q and 30 Q respectively. 
Now, proceed as in problem no. 47 to find the resistano) 
of the letter between the two ends of the legs. 
Let R, be resistance of the series combination of 3 Q ang 
12 Q resistances and R, that of 6 Q and 4 Q resistances. 
Then, R; =3+12=1582 and R,=6+4=10Q 
If R,, is resistance of parallel combination of R,, R, anc 
5 Q resistance, then 

Ie al Tee esl get as tif 


1 Ry Oethty a 1S 10 Soe BA 
30 

R, =——=2°732 

or 11 


Therefore, equivalent resistance of network between points 
A and B, 
R=2+R,+8=2+273 +8 = 12-730 
The given network is equivalent to the network shown ir 
Fig. 1.87 : 
3°5 Q 


25 Q 


Fig. 1.87 
Since R, is resistance of the parallel combination o: 
resistors of 6 Q and 2 Q, 


The network shown above is now equivalent to the 
network shown in Fig. 1.88 : 


5 Q 
25702 
A B 
Fig. 1.88 
Therefore, net resistance between points A and B, 
x 
Raa? 42. 5=2°5+2:-5=5Q 


The given network is equivalent to the network shown ir 
Fig. 1.89 : 
5 Q 


A B 
Fig. 1.89 


Since R, is resistance of the parallel combination of tw 
resistors of 5 Q each, 


x 
R,= See 2°5Q 
5-5 
The network shown above is now equivalent to the 
network shown in Fig. 1.90: 


eile, 


Fig. 1.90 


DS. 


54. 


Do: 


56. 


57. 


58. 


erefore, equivalent resist 
points A and B, 
5X 725 


The given network is equivalent to the network shown in 


Fig. 1.91 : 
° 8Q 


4Q 
A B 


12Q 


Fig. 1.91 
By proceeding as in problem no. 51, it can be obtained that 
equivalent resistance of the network is 4:8 Q. 


The given network is equivalent to the network shown in 
Fig. 1.92% 


10 Q 
A B 
Fig. 1.92 
Therefore, equivalent resistance of the network between 
points A and B is given by 


Mee Ag 1 1 1 4 


= + 4 ps 
REO 0 ce eo 


Current in the circuit, I= =0-:1A 
10 + 20 


Potential difference across 20 Q resistor, 

V=20x01=2V 
Therefore, charge on capacitor, 

g=CV=5x2=10uC 
The resistance of both the branches CAD and CBD of the 
circuit is same i.e. equal to 5 Q. Therefore, current of 2 A 
at point C will divide equally through the two branches. 
Hence, V0--Vy=2x1=2V 
and Vo-Vp=3x1=3V 
Va -Vp=(Ve- Vp) -Ve-Va) =3-2=1V 
Let R,, be resistance of the parallel combination of 12 Q, 
6 2 and 4 Q resistors. Then, 

this oitlling dopekogy b 

R, 1256 oiansigviupe ? 
Therefore, total resistance of the given circuit, 

R=3+R,=3+2=52 
Potential drop across 3 {2 resistor = 3 x 60 = 180 V 
Potential drop across the parallel combination of resistors 
of 12 2,6 Qand 4 Q 

=R, x 60 = 2 x 60 = 120 V 

Therefore, potential drop across each of the three resistors 
(i.e. 12 Q, 6 Q and 4 Q) is 120 V. 


Now, 


R,=22 


120 
Current through 12 @ resistor = ae 10 A, 


120 
current through 6 @ resistor = Part 20A 


120 
and current through 4 resistor = =" * 30A 


The resistors Rj, R3 and R, are in parallel. Their effective 
resistance is given by 


59: 


(b) 


60. 


61. 


62. 


63. 
64, 


aL Pe ee 

Rp. Ro R3.' Ray 50. 50 75 150 

or R,= 18-75 Q 

Therefore, equivalent resistance of the network, 
R=R,+R,=100 + 18-75 = 118-75 Q 

Current through R, 


= current through the main circuit from battery 


| PALIT, S46; 
IR) =$—=——— = 0: 
or ) Rie 78 0:04 A 
Potential drop across the parallel combination of R,, R and 
R 
4 
V= E - potential drop across R, 
= 4-75 — 100 x 0-04 = 0-75 V 


Vi OR 75 
L(R>).=1 (Rs) = so === 0- 
(R>) =1(R3) 50" 50 0-015 A 
V 0°75 
l(Re)a ee ae 2 0- 
and (R3) 751 95 0-01 A 


(a) Between points A and B, the effective part of the 
network is as shown. in Fig. 1.93 : 


? 10 Q M 


10Q 10 Q 


K N 

Fie? 1.93 
The branch KLMN (having resistance of 10 + 10 + 10 ie. 
30 Q2) is parallel to the branch KN (having resistance 10 Q). 
Therefore, resistance of the network between points A 
and B, 


> 
ie] 


30 x 10 
30 +10 
= 27-5 Q 
Between points A and C, the effective part of the network 
is as shown in Fig. 1.94: 


OD it 10 o> 


R=10+ +10=10+7:5+10 


i) 


10 Q 10 Q 


> 
A 


N 
Fig. 1.94 
The branch KLM (having resistance of 10 + 10 i.e. 20 Q) 
is in parallel to the branch KNM (having resistance of 
10 + 10 i.e. 20 92). 
Therefore, resistance of the network between points A and 
C. 

R=10+ 2 %*9 4 19 =10 +10 +10 = 30 © 
= 20.420 


Proceed as in solved problem no. 1.30. 


r=(E-1)R=(T9-1)x14=10 
V 1°4 


[= z or Cadege es or gn=5)02 
R+r 10+r 

Proceed as in solved problem no. 1.33. 

E=15V;V=135V;1=15A 

Now, V=CR of 135=7:5xR, or K=0-99 


Also, r=(E-1}e-(23 -1]x0-9- 0-1 2 
V 1°39 


oe 


66. 


67. 
68. 


69. 


70. 


71. 


r be internal resistance of the cell.” i 


circuit, 
= B 
R+r 
6-6 
In first :3= 
n first case ET 
or r=°S-1-8=049 
I d pe CR a, 
n second case: Fihign 0rd 
6X12 
== =4Q 
P  6+12 
E 4-8 
Now, =0-8A 


’ R,+r 442 
Let I, be current through 6 Q resistance. Then, current 
through 12 Q resistance is I — Ij. 
Now, I,x6=(1-I,)x12 or 
or I, = 0-533 A 
Current through 12 resistance 
=I-I, = 0-8 — 0-533 = 0-267 A 

Proceed as in problem no. 66. 
When current flows from negative to positive terminal of 
the battery : 

V=E-Ir or 85=E-3xr 
or E—3)r=\8:5 ..-(i) 
When current flows from positive to negative terminal of 
the battery : 

V=E+Ir (potential acorss r aids the e.m.f.) 

or 11=E+2r Gi) 
Solving equations (i) and (ii), we get 


I, x 6 = (0-8 —I,) x 12 


r=05 Q and E=10V 
During charging, potential drop across r aids the e.m.f. 
2 |) V=EF17 © or fiys-6= 3 41-07 
or r=04 


Let R, be resistance of the series combination of R, and R,. 
Then, R,=R, +R, =6+3=9Q 

Further, let R,’ be resistance of the series combination of 
R; and R,. 

Then, R, = R3+R,=3+6=9 Q 

If R, is resistance of the parallel combination of R, and R,’, 
then 


Re CR Awe 
R, == —* = ——- = 4-59 
P R,+R,’. 949 
If I is current in the main circuit from the battery, then 
E 6 


= = ————_=]1A 
R,tr 4541-5 


Since resistances of the branches APB and AQB are equal, 
current equal to I/2i.e. 0-5.A will flow through each branch. 
Now, V,-Vp=V,-6x05=V,-3 
and Vas ose x05=V,-15 
Now, Vp-Vo =(V,a VQ) (V4 — Vp) 

=(V, —1:5)-(V,-3) =15V 


Here, E, =E,=15V 
When batteries are connected in series : 

1-H tEs 1:541°5 

R+2r R+2r 
or R+2r=3 ..-(i) 
When batteries are connected in parallel : 
E 1°5 

ee RET ie OP PRATT 2 

or R+7r/2=25 Pei) 


72. 


73. 


74. 


Zhe 


76. 


Tif 


78. 


r=— 
3 


Let r be internal resistance of each cell. 
When cells are connected in parallel : 
Effective e.m.f. of two cells, E= 2 V 

Total internal resistance of the cells, r’ = r/2 


Now, r=(E- 1)R 
V 


or t=(2-1}xs or rT = 3-33 Q 


d r=(5-1)R-(73-1]xe-5-1240 
Vv 1:4 


When three cells are connected in parallel, 
total internal resistance =1r/3 and total e.m-f., E = 2 \ 


(= —1)r[ g ~1}x5 or 
3. \V ies 


I= Eft 

~R+r/2 1042/2 
As the two cells are identical, each will supply a curre 
of 0-1/2 i.e. 0-05 A 
Here, I = 1800 A,o = 10? C m* 
Total charge on the surface of earth, 

q=4a R20 =42 x (6:37 x 10°) x 10-9 

If the charge on the surface of earth neutralises in time 
then resulting current, 


r= 5Q 


= 0-1 Q 


eae or es 
t I 
42x (6-37x10°)* x10? 
or t= = 283-3 s 
1800 


(a) When the key K is open : 

Each row has a resistance of 2 + 3 7.e. 5 Q. 

Since the two rows are in parallel, equivalent resistance 
the network, 


(b) When the key K is closed : 
The 2 Q and 3 Q resistors on the left of the key are 
parallel. Their equivalent resistance is given by 
2x3 
p = 243 = 1-2 Q 
Similarly, 2 Q and 3 Q resistors on the right of the key a 
in parallel and equivalent to 1-2 Q. 
Hence, the equivalent resistance of the network, 
R=124+12=2.40 
In the steady state (when capacitor is fully charged), 1 
current flows through the branch ECD. 
The given network is, therefore, equivalent to the circt 
shown in Fig. 1.95 : ‘ 


B 3 Q E 
L 3Q 
I-I, 3 Q 3.Q 
A D 
Fa a 
I 
15V 


equivalent resistance of 
Roo +3=52 
6+3 


Therefore, current in the main circuit, | = 2 =3A 


Ix x 
Current through the arm BEF, I; PAE aS Sy A 
64+3 6+3 


Now, a current of 3 - 1i.e. 2 Awill flow through the branch 
AF and a current of 2 + 1 i.e. 3 A will flow through the 
branch FD. 

Since no current flows through the branch ECD, potential 
difference across the capacitor 


79. 


tential difference between points E an 

= potential drop across EF + potential drop across FD 

=3x1+3x3=12V 

Net e.m-f., E = E, + (Ey) = 20+ C 8)=12V 

Total resistance, R = Ry + Ry = 34+1=42 

Net current in the circuit, I=b== 3A 

Now, V,- Vg=Fi1- potential drop across Ry 
=20-3x3=11V 

Aliter V,- Vg = E+ potential drop across R, 

=8+1x3=NV 


ME 2.01. KIRCHHOFF’S LAWS 
Ohm’s law is useful in dealing with simple electrical circuits only. The study 


of the circuits containing more than one source of e.m.f. becomes difficult with the 
help of Ohm’s law. In 1842, Kirchhoff put forward the following two laws to study 
complicated electrical circuits : 

Kirchhoff’s first law. It states that the algebraic sum of the currents meeting at a 
point in an electrical circuit is always zero. It is also called junction rule. 

This law is based upon the fact that in an electrical circuit, a point can neither 
act as a source of charge nor the charge can accumulate at that point. 

Explanation. Consider a point O in an electrical circuit at which currents I, 
I,, 13, I, and I, are flowing through five conductors in the directions as shown in 
Fig. 2.01. Let us adopt the following sign convention : 

The currents flowing in a conductor towards the junction of conductors is taken as 
positive and the current flowing away from the junction is taken as negative. 

Likewise, currents I, and I, flowing towards the point O are positive, while 
the currents I,, I, and I, are negative. 

Therefore, according to Kirchhoff’s first law, 

I, + (-1,) + CI,) + I, + CIs) = 0 

or L,-1,-I, +1,-1,=0 

Kirchhoff’s second law. It states that in any closed part of an electrical circuit, the 
algebraic sum of the e.m.fs. is equal to the algebraic sum of the products of the resistances 
and currents flowing through them. It is also called loop rule. 

This law is based upon the law of conservation of energy. 

Explanation. Consider a closed electrical circuit ABCD. containing two cells 
of e.m.fs. E, and E, and five resistances R,, R,, R3 ,R, and R, as shown in Fig. 2.02. 

Let us adopt the following sign conventions.; 

(i) The current flowing in anticlockwise direction is positive: 

(ii) The e.m.f. of a cell is taken positive, if it sends current in the circuit in 
anticlockwise direction and negative, if the current due to the cell flows in clockwise 
direction. 

Let us consider the closed part ABCA of the electrical circuit. The cell of e.m.f. 
E, will send current in anticlockwise direction and the cell of e.m.f. E, will send 
current in clockwise direction. Thus, e.m.f. E; is positive, while E, is negative. 

Therefore, total e.m.f. of the closed part ABCA = E, + (- E,) = E, —E, 

Also, in closed part ABCA, currents I, and I, flow in anticlockwise direction, 
while the current I, flows in clockwise direction. Therefore, in the closed part ABCA, 

algebraic sum of the products of resistances and currents in them 

=1,R, + 1,R, + -1,)R; =1,R, + LR,- LR, 
Therefore, for closed part ABCA, according to Kirchhoff’s second law, we have 
E, -E,=1,R, +R, - LR, 
Similarly, it can be found that for closed part ACDA, 
E, =1;R; + IR, + IR, 
Ml 2.02, WHEATSTONE BRIDGE 

It is one of the accurate arrangements for measuring an unknown resistance. 

Four resistances P, Q, R and X are connected to form a quadrilateral. A 
galvanometer and a tapping key K, (called galvanometer key) are connected 
between points B and D, while a battery and a one way key K, (called battery key) 
are connected between points A and C [Fig. 2.03]. Usually, P and Q, called ratio 


224 


Fig. 2.01 


Self-test Questions 
Calculate the unknown current in the 
figure given below : 
10A 
i=? 5A 


wn resistance. The value of resistance at on pressing key 
K,, the galvanometer does not give deflection. It implies that points B and D are at 
ithe same potential. In such a case, the bridge is said to be balanced. For a balanced 
bridge, it can be proved that 


PayR 
X 
Proof. Let I be the current in the main circuit. At point A, say current equal to 
I, flows through resistance P and the rest I - I, = I, (say) flows through resistance 
R. When the bridge is in balanced state, points B and D are at the same potential 
and therefore no current will flow through galvanometer i.e. current I , will flow 
as such through Q, while I, through X. At point C, the currents through Q and X 
add up so as to send a total current I through the circuit. Let V Ar Vp Vcand Vp be 
electric potentials of points A, B, C and D respectively. 


Now, potential difference across P i.e. Va-Vz=1,P (2.01) 
Potential difference across Q 1.€. Vza -Ve=],Q mn ( 2-029) 
Potential difference across R es Va-Vp=1,R ...(2.03) 
Potential difference across X i.e. Vp-Vc=]X « (2.04) 


When the bridge is in balanced state, no current flows along the path between 
points B and D. Therefore, points B and D are at same potential i.e. Vg = Vp. In 
equations (2.03) and (2.04), replacing Vp by Vz we have 


Va-Vz =1,R #2(Z.05) 
and Vp-Vco=hX MPEEAZ.00) * 
From equations (2.01) and (2.05), we have 
I, P=]L,R Se XD07) 
From equations (2.02) and (2.06), we have 
1,Q =1,X ...(2.08) 
Dividing equation (2.07) by (2.08), we have 
RoR racer ; 
Orn ALG. 051,.42.09) 


As we know the values of P, O and R, the value of unknown resistance X can 


be found. It may be remembered that the bridge is most sensitive, when all the four 
resistances are of the same order. 

Merits of Wheatstone bridge. Wheatstone bridge method for measuring an’ 
unknown resistance has the following merits over the othe methods for measuring 
the resistance : 

1. It is a null method. Therefore, the measurement of residtance Hvade by this 
method is not affected by the internal resistance of the battery used. 

2. As no measurement of current or potential difference is involved, the 
measurements are not affected because of the fact that the ammeters and voltmeters 
are not ideal ones. 

3. The value of unknown resistance can be measured to a ven high degree of 
accuracy by increasing the ratio of the resistances in arms P and Q. 


ME 2 ()3. cAWaee OFWHEATSTONE BRIDGE (FROM KIRCHHOFF’S 
LA' 

Four sine P,Q, Rand X are connected across the four arms of Wheatstone 
bridge as shown in Fig. 2.04. A tapping key K, and a galvanometer G are connected 
between points B and D, whereas a battery of e.m.f. E and a key K, are connected 
between points A and C. The value of resistance R is adjusted, so that on putting 
plug in key K, and pressing the tapping key K,, the galvanometer shows no 
deflection. Then, the bridge is said to be balanced. As said earlier, for a balanced 
bridge, 

RoavR 


X 
It is called condition for balanced wheatstone bridge. 
To obtain the condition of balanced bridge using Kirchhoff’s laws. When 
the plug is inserted in the key K,, the current I enters the network at point A and a 


part I, (say) flows through resistance P and a part I, through resistance R. On ~ 


pressing key K,, suppose that current I, flows through galvanometer G (if we 


a Key point a 


Fig. 2.03 
Key point 


x 
When the bridge is balanced, the path BD 
may be considered as an open path. 
Therefore, even when the galvanometer 
key (K,) is kept pressed, no current flows 
along the path BD. 


Key point 


ins 


--Wheatstone bridge is most sensitive, when 


‘resistances in the four ratio arms are of the 
same. order. 


The measurement of resistance by 
' Wheatstone bridge is not affected by the 
internal resistance of the cell. 


Watch out! ee 


To avoid inductive effects*, the battery 
key should be pressed first and the 
galvanometer key afterwards ! 


Fig. 2.04 


* Refer to Chapter on Electromagnetic Induction — Unit IV. es 


suppose that por th potential than D). ding to- ‘s first 
law, current I,— I, will flow through resistance Q. At point D, current I, flowing 
through galvanometer G combines with current I, flowing through resistance R, so 
that current I, + I, passes through resistance X. Therefore, at point C, a net current 
(I, -I, +1, + I,) ie. I, + I,)i.e. I flows from point C to the negative pole of the battery. 
Let us consider that current flowing in clockwise direction is positive. 

Applying Kirchhoff’s second law, for closed part ABDA of the circuit : 


I, P+1,G-1,R=0 ...(2.10) 
For closed part BCDB of the circuit : 
(I, - 1,) Q- (1, + I,) X-I, G=0 Pe OW) 


The resistance R is adjusted in such a way that points B and D are at the same 
potential, so that current I, passing through the galvanometer is zero. It is indicated 
by zero deflection in the galvanometer. The bridge is then said to be balanced. 

As there is no deflection in galvanometer on pressing key K,, I, = 0. In 
equation (2.10), setting I, = 0, we get 


I, P-I,R=0 
or LP=I1,R (2-92) 
Also setting I,= 0 in equation (2.11), we get 
I,Q =1,x (2.13) 
Dividing equation (2.12) by (2.13), we get 
Pi R 
Q x 


It proves the condition for balanced Wheatstone bridge. 


mu 2.04. SLIDE WIRE BRIDGE 


A slide wire bridge is also known as metre bridge. 

Principle. It is constructed on the principle of balanced Wheatstone bridge, i.e. when 
a wheatstone bridge is balanced, 

|agupeel 5S 
Q x 
where the letters have their usual meanings. 

Construction. It consists of a wooden board, over which constantan wire AC 
of one metre in length is stretched between two copper strips. A metre scale is also 
fitted on the wooden board parallel to the length of the wire. Another central copper 
strip is fitted on the wooden board to provide two gaps across which a resistance — 
box R and the unknown resistance X are connected. One terminal of a sensitive — 
galvanometer is connected to the terminal D, provided on the central copper strip — 
and the other to a jockey, which can be slided over the wire to balance the bridge. 
The circuit is now exactly the same as that of the Wheatstone bridge [Fig. 2.05]. The 
resistance of wire between points A and B (B is the position of jockey in balanced ~ 
state of the bridge) represents ratio arm P and that of wire between B and C © 
represents Q. Therefore, when bridge is balanced 

i Sitine ss 
Xx 

Applications of metre bridge. A metre bridge can be used to measure an 
unknown resistance or to compare the values of two unknown resistances. 

1. To measure an unknown resistance. To find the value of unknown resistance 
X, the circuit as shown in Fig. 2.05 is arranged. The bridge can be balanced by moving 
the jockey over the wire. The bridge is said to be balanced, when the jockey is at a 
point B on the wire, such that galvanometer does not give any deflection. For this, 
resistance in the left gap is introduced with the help of resistance box R and its value 
is adjusted so as to obtain the balance point. In practice, the value of R is so adjusted 
that the balance point lies between 35 cm and 65 cm marks. Suppose that when 
bridge has been balanced,AB =!/. Then, BC = 100 — I. The resistance of wire between 
points A and B is taken as P and that of the portion between points B and C is taken 
as Q. If wire of the metre bridge is of uniform area of cross-section, then 

Pex! and Q« 100-1 
P ! 


Q (00-/ 


X (100-1) 

or x=RoE= ...(2.14) 

Knowing the values of R and I, the value of X can be found. 

2. To compare two unknown resistances. For comparing two unknown 
resistances R, and R, , the circuit as shown in Fig. 2.05 is arranged. First, the 
resistance R, is connected in place of unknown resistance X. The jockey is moved 
over the bridge wire gently and by adjusting the value of R, the balance point is 
obtained. The bridge is said to be balanced, when the jockey is at a point B on the 
wire, such that galvanometer does not give any deflection. In such a case, if AB = 
|, then BC = 100 — 1. The resistance of the bridge wire between the points A and B 
is ratio. arm P and that between points B and C corresponds to ratio arm Q. Since 
the bridge wire is of uniform area of cross-section, 

Pol, and Q « 100-1, 


uae ae 
Q (100-1) 
From the principle of Wheatstone bridge, 
Park 
ra) az Ry (- X=R,) 
| SS 
R,; (100-1,) 
or R= dab caoll wi(2215) 


h 
Now, the experiment is repeated with the other unknown resistance _ R). If I, 
is the balancing length of the bridge wire between the points A and B, then it can 
be obtained that 


R (100 — 1/5) 
webensteihecats (2.16) 
Dividing equation (2.15) by (2.16), we get 
Ry _RGO-h) 
Ra h R (100 — 15) 
R, 1, _ (00-1) 
< i> 7, (021) (217) 


Knowing the values of I, and [,, the ratio R, /R, can be found. 

3. To measure the unknown temperature.. We know that resistance of a con- 
ductor increases with increase of temperature. The resistance of a conductor at 
temperature @ is given by 

R=R,(1+a@86), (2.18) 
where R, is resistance of the conductor at 0°C and a is temperature coefficient of 
resistance of the conductor. 

From equation (2.18), we have 

R-R,=R,@0@ 2.(2.19) 

If Rj99 is resistance of the conductor at 100°C, then equation (2.19) may be 

expressed as 


Ryoo — Ro = Ry & x 100 ...(2.20) 
Dividing equation (2.20) by (2.19), we obtain 
op Ross 160 AP 21) 
Rigo io R, 


The equation (2.21) may be used to find the unknown temperature of a hot bath 
by using the circuit diagram shown in Fig. 2.05. The unknown resitance X (in the 
form of a metallic wire) is immersed in ice and its resistance R, at 0°C is measured. 
The unknown resistance is then maintained at a temperature of 100°C (by placing 
the wire in steam) and its resistance Rjg at 100°C is measured. Finally, the unknown 


repeated to measure its resistance Ry at BC. Then, by substituting the value of R,, 
Rjgg and Ry, in equation (2.21), the unknown temperature of the hot bath can be 
found. 
Me 2.05. POTENTIOMETER 

A potentiometer is used to compare e.m.fs. of two cells or to measure internal 
resistance of a cell. 


Principle. The principle of potentiometer states that when a constant current is == 


passed through a wire of uniform area of cross-section, the potential drop across any portion 
of the wire is directly proportional to the length of that portion. 


Construction. A potentiometer consists of a number of segments of wire of : 
uniform area of cross-section stretched over a wooden board between two thick — 


copper strips. Each segment of wire is 100 cm long. The wire is usually of constantan 
or manganin. A metre rod is fixed parallel tc its length [Fig. 2.06]. A battery 


connected across the two end terminals sends current through the wire, which is ~ 


kept constant by using a rheostat. 


Theory. Let V be potential difference across certain portion of wire, whose 


resistance is R. If I is the current through the wire, then 
V=IR 


We know that R=p—, 


where I, A and p are length, area of cross-section and resistivity of the material of 
wire respectively. 
Wesabe) x 
If a constant current is passed through the wire of uniform area of cross-section, 
then I and A are constants. Since, for a given wire, p is also constant, we have 
V = constant x | 
or Val (2.22) 
Hence, if a constant current flows through a wire of uniform area of cross- 
section, then potential drop along the wire is directly proportional to the length of 
the wire. 
Applications of a potentiometer. A potentiometer can be put to the following 
uses : 
1. To compare e.m.fs. of two cells. Two celis, whose e.m.fs. are E, and E,, can 
be compared by making use of the circuit as shown in Fig. 2.07. The positive poles 


of both the cells are connected to the terminal A of the potentiometer. The negative — 
poles of the two cells are connected to terminals 1 and 2 of a two-way key, while its 
common terminal is connected to a jockey J through a galvanometer G. An auxiliary — 

or driver battery of e.m.f. E, an ammeter A, rheostat Rh and a one way key K are © 
connected between the end terminals A and B of the potentiometer. Thus, the — 
positive poles of the two cells as well as the positive pole of auxiliary battery are 
connected at the common point A. It may be pointed that e.m.f. of auxiliary battery — 


should always be greater than e.m.f. of either of the two cells. 


To compare e.m.fs. of the two cells, a constant current is passed through the ¥ 
potentiometer wire between the points A and B. The current is kept constant by using — 


the rheostat. 

When the plug is put in the gap between the terminals 1 and 2 of the two-way 
key, the cell of e.m.f. E, will come in the circuit. Suppose that balancing length (length 
of wire between points A and J) is 1,. If x is the resistance per unit length of the 
potentiometer wire and I, the constant current flowing through it, then 

E,=(@1,)1 Pa(2.23) 

When the key is put in the gap between the terminals 2 and 3 after moving from 
the gap between 1 and 3, the cell of e.m.f. E, will be included in the circuit. Let the 
balancing length be /, in this case. Then, 


E, =(x1,)1 * (2.24) 
Dividing jeu (2.23) by equation (2.24), we get 
E 
<= wl225) 


\ me, E> = ye 


The principle of potentiometer said 


that 

(i) potentiometer wire should be of 
uniform area of cross-section and = 
(ii) current through the wire should remair 
constant. 


A 


se ae ; ae scateh _ 


always be greater than the e.m.f. of either 
of the two cells. 


Key point 


ame common. terminal 


oth ypu 


m.f. E can be found by setting up the cir 


ire with the help of the rheostat. 


Plug in the key K, is kept out and the jockey is moved over 
ire so as to balance the e.m.f. E of the cell, whose internal resistance is tobe found. — 
et 1, be the balancing length of the potentiometer wire between point A and jockey : 


If x is resistance per unit length of the wire, then 
RE 8 a 


With the help of resistance box S, introduce resistance, say S and then put the : 
lug in key K,. Now, find the balance point for the terminal potential difference Vi 
tween the two poles of the cell. If I, is the balancing length, then 


V=(r1,)1 
Dividing equation (2.26) by (2.27), we have 
Eyily 


The‘internal resistance” of the cell is given by 


95 


Using equation (2.28), we have 


i 


or a= 


Knowing the values of I, ly and S, the internal resistance r of the cell can be 


found. — 


Type A.On Kirchhoff’s laws 
Problem 2.01. Inthe network shownin Fig. 2.09, E, =6 V, 

E,=4 V,R,= 2Q,R,= 3Qand R, = 5Q. Find the currents 

passing through the resistors R,, R, and Rs. 

R, 


B - C 


Fig. 2.09 
Sol. Suppose that due to battery of e.m.f E,, current I, 
flows through resistor R, and that due to E,, current I, flows 
through resistor R,. Then, according to Kirchhoff’s first law, 
current (I, + I,) will flow through resistor R, as shown in 
Fig. 2.09. 
In closed part ABEFA of the circutt : 
1, Ry + G, + 1) Rg = Fi 
or 1,x2+,+1,)5=6 
or 71,+51,=6 Md) 
In closed part BCDEB of the circuit : 
1, R, + C, + 1) R3= E, 
or 1,x3+(,+h)5=4 
or 518 1=4 <P pres Te 


*Refer to equation (1.49) of Chapter 1. 


cuit as shown in Fig. 2.08. L 
‘the auxiliary battery. Aconstant current Lis maintained through the potentiometer 


etE’bee.m.f. | 


i 
the potentiometer 
i 


12.26) % 


a 
1 


A' THO ssi, 120 10111 No 1a IEP IP PT 


1.2.27) 4 


Jl228) 


A voltmeter, when connected across a 
cell, always draws some current and 
therefore it cannot be used to measure the 
emf. of acell. In case of a potentiometer, 
when the e.m.f. of a cell is balanced 
against potential drop across a certain 
length of wire. the wire draws current only 
from the auxiliary battery. It does not 
draw any current from the cell and 
therefore by calibrating the potentiometer 
wire wit a standard cell, a potentiometer 
can be used to measure e.m.f. of a cell ! 


rike29) 


ecyanunaen 


Multiplying equation (i) by 8, equation (ii) by 5 and then 


or 311, = 28 or 


Substituting for 1, in equation (i), we get 
2 


2. — 
ae | 


7x25 451, =6 or 
31 


The current through resistor R3, 


1, +1, -2.(2\-5a 
31 \31/ 31 

Problem 2.02. Two cells of e.m.f. 1:5 V and 2-0 V and 
internal resistances 1 Q and 2Q respectively are connected 
in parallel so as to send current in the same direction 
through an external resistance of 5 Q. (a) Draw the circuit 
diagram. (b) Using Kirchhoff’s laws, calculate current 
through each branch of the circuit and potential across the 
5 Q resistance. (C.B.S.E. 1995) 

Sol. (a) Circuit diagram. Let the e.m.f. of two cells be 
represented by E, and E, and their internal resistances be rj 
and r, respectively. The two cells have been connected in 
parallel to the external resistance R as shown in Fig. 2.10. 

(b) Here, E, =1:5V; E,=20V ; 

= 1 Q 57, =2Q;R=5Q 


10) ab ra AR Da cc Hiiiety ab aaa he aay 


Fig. 2.10 
Let I, and I, be currents due to the cells E,; and E, 
respectively. As the currents I, and I, flow into point F ; 
according to Kirchhoff’s first law, current I, + I,will flow out 
from point F and pass through resistance R. 
Applying Kirchhoff’s second law to the closed part 
ABDEA of the circuit, we have 


or E,=], r,+(,+1,)R 
or 15=1,x1+(,+1,)x5 
or 61,+51L,=1:5 es 


Applying Kirchhoff’ s second law to the closed part 

FCDEF of the circuit, we have 
E,=1,r,+(,+1,)R 

or 20=I1,x2+(,+1,)x5 

or 51,+71,=20  ...@) 

Solving equations (7) and (ii), we obtain 

I, = 00294 A and I, =0-2647A 
Potential difference across R = (I, + I,) R 
= (0-0294 + 0-2647) x 5 = 1-4705 V 

Problem 2.03. Three cells are connected in parallel with 
their like poles connected together with wires of negligible 
resistance. If the e.m.fs. of the cells are 2, 1 and 4 V 
respectively and their internal resistances are 4, 3 and 2 QO 
respectively, find the current through each cell. 

Sol. Here, E,=2V;E,=1V;E,=4V 

and 1, =4977,=3Q;73=20 

Let the currents I,, I, and I, flowing from the three cells 
be as shown in Fig. 2.11. 


Fig. 2.11 
Applying Kirchhoff’s first law at point A, we have 
I, +1,+1,=0 need) 
Applying Kirchhoff’s second law to the closed part 
ABCDA of the circuit, we have 
I,7,-l%=E,-E, or 1, x4-1,x3=2-1 
or 41,-31,=1 seshid) 
Applying Kirchhoff’s second law to the closed part 
ADEFA of the circuit, we have i$ 
I,7.-1,73=E,-E3, or I,x3-1,x2=1-4 
or 31,-21,=-3 (ili) 
Solving equations (i), (ii) and (iii), we obtain 


I,=-—A,; 2=— <a Aand1;=—-A 


13 


internal resistances 1 Qo ard 2Q respectively have the 


positive terminals connected by a wire of 10 Q resistani 
and their negative terminals by a wire of 4 Q resistane| 
Another coil of 10 Q is connected between the midd)) 
points of these wires. Find the potential difference acroy 
the 10 Q coil. (Karnataka, 1988 , 

Sol. The positive terminals of the cells E, and E, al 
connected to the wire AE of resistance 10 Q and negatiw 
terminals to the wire BD of resistance 4 Q. The resistané 
of 10 Q is connected between the middle points F and — 
of the wires AE and BD respectively. [Fig. 2.12] . 


Fig. 2.12 
Ry =R) = =59;R3 =Ry =5=20 nore 
The distribution of current in various branches is show 
in the figure. 
In closed part ABCFA of the circuit : 
I, xr,+1,xR,+,+1,) R+]1, xR, =E, 
or I, x1+1,x5+(,+I1,)x10+1,x2=2 
or 91,+51L=1 wel 
In the closed part CDEFC of the circuit : 
I, xf +1, xR, +, +1,)R+I1, x Ry =E, 
or I,x2+1,x5+(,+I1,)x10+1,x2=1 


ae eS ee ee 


or 101,+191,=1 ay 
Solving equations (7) and (ii), we have 

14 1 

121 121 


Therefore, current through resistance R, 


ula) EL 
sa 121 121 
Poiential difference across the resistance R 


13 
=(I, +Ib) R=—-x10 = 1-0744 V 
ht dod B Gaba 


I, +I,= 


Problem 2.05. Find the equivalent resistance betwee: 
the points X and Y of the network of resistors shown i 


Fig. 2.13. 
10Q B 5Q Cc 


5 5Q 102 DRY 


Fig. 2.13 
Ans. Let R be equivalent resistance of the network c 
resistors in Fig. 2.13. In order to find R, connect a battery c 


Fig. 2.14 
If Lis current drawn by the network from the battery, 
en 


R== a 
Suppose that when current [enters at point A, a part |, 
ows along path AB. Then, according to Kirchhoff’s first law, 
1e remaining part (I — 1,) will flow along path AFE. By 
ymmetry, the current I flowing out from point D will be 
omposed of part I, from the path ED and (I — 1,) from the 
ath BCD. Again, according to Kirchhoff’s first law, the 
urrent along path BE will be 1, — (I-I,ie. 24-1 The 
istribution of current in various branches of the circuit is as 
hown in figure. 
In closed part ABEFA of the circuit : 
101,+5(21,-D-5 (I-1,)=0 


or 251,-101=9° or 1y=<l 


In closed part XAFEDYX of the circuit : 
E=5(1-I,)+ 101, 


=51+51, =51+5x,1=71 


Subsituting for E in equation (i), we have 
R=—=70 

Type B. On Wheatstone bridge 

Problem 2.06. Four resistances of 159,12 0,4 Q and 
10 Q respectively are connected in cyclic order to form a 
Wheatstone’s network. Is the network balanced ? If not, 
calculate the resistance to be connected in parallel with 
the resistance of 10 Q to balance the network. 

(Karnataka, 1974 S) 

Sol. Let P = 15;Q=129;5=40;R=102 

The resistances of 159, 12Q, 4 Qand 10 Qare connected 
in cyclic order as shown in Fig. 2.15. 


since 5 is not equal to S’ the bridge is not balanced. 


To balance the network, suppose a resistance X is 


connected in parallel to R = 10 Q, so that the bridge is 
balanced. If R’ is effective resistance between points A and 


D, then 
pie et 4, 
3p hanes a 
Since the bridge is now balanced, 
E iegd ds ii 15 


52 or R=SxK==4xX—=5Q 
QS Q 12 
Substituting for R’ in equation (i), we have 
dweodkaAgad or odd 1 gor or X=10Q 
510°. X m HY 10%" 10 

Problem 2.07. A potential difference of 4 volt is applied 
between the points A and B shown in the network drawn 
in the Fig. 2.16. Calculate (i) equivalent resistance of the 
network across the points A and B and (ii) the magnitudes 
of currents flowing in arms AFCEB and AFDEB. 

(H.PS.S.C.E. 2000, 1998 ; C.B.S.E. 1998 S) 


or 


D 4Q 
Fig. 2.16 
Ans. After connecting a battery of e.m.f. E=4 V between 
the points A and B, the given network can be redrawn as 
shown in Fig. 2.17. 


E=4V 


Fig. 2.17 Fig. 2.18 
The given network is a Wheaistone bridge arrangement. 


P R 
Further, as O = xX! the bridge is in balanced slate. As such, no 


current can flow along the path CD. In other words, CD can 
be treated as an open path as shown in Fig. 2.18. 
(i) Now, path FCE contains two resistances, (each of 
4 Q) connected in series. If R, is resistance of path FCE, then 
R,=P+Q=4+4=82 
Similarly, if R, is resistance of path FDE, then 
R,=R+X=444=82 
Now, the path FCE of resistance R, and FDE of resistance 
R, are connected in parallel. If R’ is equivalent resistance of 
the given network between points A and B, then 


Ro Ry oR a Se 
or R’'=4Q 
(ii) Let Ibe the current in the main circuit due to battery. 
Then I= poe 1A 
‘ R’ 4 


Further, suppose that I, and I, are currents along paths 
FCE and FDE respectively. Since the two paths FCE and FDE 
are of equal resistances, the current I in the main circuit will 
divide equally along the two paths i.e. current in the arms 
AFCEB and AFDEB are given by 

I, =1,=1/2=1/2=05A 

Problem 2.08. Find the value of unknown resistance 
X in the circuit shown in Fig. 2.19, if no current flows 
through the section AO. Also calculate the current drawn 
by the circuit from the battery of e.m.f. 6 V and negligible 
internal resistance. (C.B.S.E. 2002) 


BBV 248 ZLIC 
Fig. 2.19 


Sol. The given circuit is equivalent to the circuit shown 
in Fig. 2.20. 


6V 242 


Fig. 2.20 
Let I be the current drawn by the circuit from the battery. 
As no current flows through branch AO of the circuit, 
the circuit is a balanced Wheatstone bridge. Therefore, 
2 ne 4x3 
re or X= sia 6Q 
Since the branch AO acts as open path (no current flows 
along branch AO), the 10 Q resistance of the circuit is 
ineffective. Hence, the network is equivalent to the circuit 
shown in Fig. 2.21. 


A 
2 4Q 
B Cc 
TA 32 6Q 
re) 
6V 2°42 


yf the circuit. Then, | pte tia 
R,=2+4=6Q2 and R,=3+6=9 
The given circuit is now equivalent to the circuit shown 
in Fig. 2.22. R, 


6V 240 
Fig. 2.22 
It follows that the effective resistance of the circuit, 


_ BERoi yom abe deel 
R, +R. 
Hence, current drawn by the circuit from the battery. 
Kk 76 


Problem 2.09. Four resistances 5, 50, 6 and 60 Q are 
connected to the corresponding arms of the Wheatstone 
bridge. If a cell of e.m.f. 1-5 V and negligib‘e internal 
resistance is connected across the bridge, calculate the 
current in arms and the cell. It is given that the bridge is in 
balanced position. 

Sol. The four resistances 5, 50, 6, 60 Q are connected as 
shown in the Fig. 2.23. 


Pick 
For the given arrangement, it follows that — = x 


Therefore, Wheatstone bridge is in balanced state and hence 
no current flows through the galvanometer. Therefore, if at 
pointA, current I, flows through P, the same will pass through 
Q and the remaining part of current I, that flows through R, 
will pass through X. From Kirchhoff’s first law : 
I=],+l 
Applying Kirchhoff’s second law to the closed part 
DA: 


I, x5+(CI,) x 50=0 or I,-101,=0 
or I ahs 
210 


Applying Kirchhoff’s second law to the closed part 
CLMA : 


1,x5+6xI,=15 9 or 111, =15 
or I, = 0-1364A 
ne y, M1 a? et = on6 
10.2 0 
Also, I=I, +L, = 0-1364 + 0-0136 = 0-15 A 


be ) 


Problem 
netre bridge balances a 10 Q resistance in the right gap at 
point, which divides the bridge wire in the ratio 3 : 2. 
~alculate the resistance of the wire. If the length of the wire 
5 1m, calculate the length of one ohm wire. 
(Karnataka, 1987) 
Sol. Refer to Fig. 2.05. If R is resistance of the wire, then 
he wire of unknown resistance R is connected in the left gap 
ind a resistance X of 10 Q is connected in the right gap. As 
he balance point divides the wire in the ratio 3 : 2, we have 


“Pu 3 
Onn? 
u-opheita SS 

Now, —=— oF R aK saOcobe 1s O 
Oe X Q 2 


As the length of the wire is 1 m, therefore 
length of one ohm wire = = =0-067m 


Problem 2.11. With two resistance wires in the two 
gaps of a metre bridge, the balance point was found to be 
1/3 m from the zero end. When a 6 & coil is connected in 
series with the smaller of the two resistances, the balance 
point is shifted to2 / 3m from the same end. Find the 
resistance of the two wires. (Karnataka, 1986) 

Sol. Refer to Fig. 2.05. Let the two resistance wires be of 
values R, (in left gap) and R, (in right gap) respectively. 

phn and (100-—/)= 1 ee 
R : I i is pean | oes 
1 Le as sa 
Ry) ODD yy2/ 33 "2 pact 
On connecting 6 Q coil : 
Since resistance R, is smaller than R,, 6 Q coil has been 


connected in series to R,. Therefore, resistance in the left gap 
becomes, 


R,’ =R, +6 
1 
Further, py and (00 -1')=1-2=—m 
3 3°83 
R’ I R, +6 
Kang Gh Riihlie nd cunts igi ew Pies, 
R> (100 —1’) R> is 
R 
or beeing 
2R, 
or R,=22 
Also, R, =2R,=2x2=4Q 


Problem 2.12. Find the value of the unknown 
resistance X and the current drawn by the circuit from 
the battery, if no current flows through the galvanometer 
[Fig. 2.24]. Assume the resistance per unit length of the 
wire AB to be 0-01 Q cm. (C.B.S.E. 2001) 


Xx R=2Q2 


2.10. A wire connected in the left gap ofa AjandJB respectively. 


Then, P =120 x 0-01 = 1-22 
and QO =80 x 0-01 = 0-8 Q 
Since the bridge is balanced, 
Kagel 1p 
= =| — OF KaRX == 
Eri Q 
OE: 
or NS 2 2 —-3Q 


As no current flows throgh galvanometer, the path 
betwen points C and J acts as an open path. Therefore, the 
given circuit is equivalent to the circuit drawn in Fig. 2.25. 

X R 


| 
AV 
Fig. 2.25 
Let R, be resistance of series combination of X and Rand 
R, of the series combination of P and Q. Then, 
R,=X+R=34+2=50 
and R, =P +Q=12+08=22 
Therefore, effective resistance of the circuit, 
R; Ro _5x2_0, 
R, +R, 5+2 7 
Hence, current drawn by the circuit from the battery, 
Po 28 A 
R’ 10/7 
Type D. On Potentiometer 
Problem 2.13. The resistance of a potentiometer wire 
of length 10 m is 20 ohm. A resistance box and a 2 volt 
accumulator are connected in series with it. What resistance 
should be introduced in the box to have a potential drop of 
one microvolt per millimetre of the potentiometer wire ? 
(Pre-degree Kerala, 1994) 
Sol. Here, resistance of potentiometer wire, R = 20 Q 
Required potential drop along the potentiometer wire 
=1 wV mm = (10 V) x (109 m)!=10° Vm! 
Length of potentiometer wire, 1=10 m= 104mm 
Therefore, potential drop along the potentiometer wire, 
V=10x 10% =10° V 
If lis current through the potentiometer wire, then 


—2 
Peet 5 x A 
R 20 
If R’ is resistance that should be introduced in the 


resistance box, then 
[= 


R= 


(--E=4V) 


5x107 = 
20+ R’ 


or 
R+R 


or R'=3980Q 

Problem 2.14. With a certain cell, the balance point is 
obtained at 65 cm from the end of a potentiometer wire. 
With another cell, whose e.m.f. differs from that of first by 
0-1 V, the balance point is obtained at 60 cm. Find the e.m.f. 
of each cell. (H.S.S.C.E. 2001) 

Sol. Let E, and E, be the e.m.fs. of two cells. 

Here, balancing length for the first cell, 1, = 65 cm 


and balancing length 

Since balancing length for first cell is ples Ahan that for 
the second cell, the e.m.f. of second cell is less than that of 
first cell i.e. E, < E,. As the e.m.f. of two cells differ by 0-1 V 
it follows that 


Now, Eng or Pact acd 
En Ib E, —0-1 60 

or E,=13V 

: 2=13-01=12V 


Problem 22 15. Fig. 2.26 shows a 2-0 V potentiometer 
used for the determination of internal resistance of a 1-5 V 
cell. The balance point of the cell in open circuit is 76-3 cm. 
When a resistor of 9-5 Q is used in the external circuit of the 
cell, the balance point shifts to 64-8 cm length of the 
potentiometer wire. Determine the internal resistance of the 
cell. (Text Problem) 


2:0V 


9°5Q 
Fig. 2.26 
Ans. Here, S=9-5Q;1, = 76:3 cm ; I, = 64-8 cm 


r=(G-1)xs-(7-- Jxs 
Vv I» 
(725-1) 9-5=1-6860 
64-8 

Problem 2.16. A potentiometer wire of length 100 cm 
has a resistance of 10 Q is connected in series with a 
resistance and a cell of e.m.f. 2 V of negligible internal 
resistance. A source of e.m.f. of 10 millivolt is balanced 
against a length of 40 cm of the potentiometer wire. What 
is the value of the external resistance ? (I.L.T. 1976) 

Sol. The potentiometer wire of length 100 cm and 
resistance 10Q is connected te cell of e.m.f. 2 V and resistance 
R as shown in Fig. 2.27. 


Now, 


Fig. 2.27 
If lis current through the potentiometer wire, then 


Fig Webi 2 


“R+10 R+10 ---(i) 


against a length of 40. cm of potentiometer w wite, it follows tha 
I x resistance of 40 cm potentiometer wire = 10 x 10% 


ax(1))) 
But resistance of 40 cm potentiometer wire 
10 
=— x 40=40 ..-(iii) 
100 am 
Using equations (7) and (iti), equation (ii) becomes 
24 =10x10 or Ril tg Mia ol 
R+10 10x10 — 
or R=790Q 


Problem 2.17. (a) If the galvanometer in the circuit 
shown in Fig. 2.28 reads zero, calculate the value of the 
resistor R, assuming that the 12 V source has negligible 
internal resistance. 

(b) If cool air is blown across the wire-wound resistor, 


what effect will be noticed and why ? (S.C.b 1997) 
R'=10kQ 
7 (WIRE WOUND) 
12V 
+ 
_ 2V 


Fig. 2.28 
Ans. (a) Here, e.m.f. of source battery, E = 12 V 
Resistance of the wire wound resistor, 
R’ = 10 kQ = 10 x 10° Q 
Since the galvanometer connected in the circuit shows 
no deflection, the potential difference across the unknown 
resistance R is just equal to 2 V i.e. equal to the e.m-f. of cell 
connected across it. If lis current through the main circuit ze. 
through series combination of resistor R and R’connected to 
12 V battery, then, 
IR=2 cet) 
eae ih ii) 
R+R’ R+10x10° 
Substituting for I in equation (7), we have 


—_ _yRa2 or 6R=R410x10° 
R+10x10° 
or R=2x 103 Q=2kQ 
(b) When current flows through a resistor, its 
temperature increases due to heat produced across it. If cool 
air is blown across the wire-wound resistor, its temperature 
will get lowered. Due to this, the resistance of the wire-wound 
resistor will decrease and current in the circuit will increase. 
As a consequence of it, the potential difference across the 
unknown resistor R will not remain 2 V. Since the e.m.f. of cell 
connected across R will no longer balance the potential drop 
across R, the galvanometer will show deflection. 


Also, 


ryblem 2.18. 12 wires, each of resistance r ohm are 
onnected in the form of a skeleton cube. Find the 
lent resistance of the cube, when the current enters 
corner and leaves at the diagonally opposite corner. 
ol. Consider a skeleton cube ABCDEFGH made of 12 
as shown in Fig. 2.29. 


Fig. 2.29 

n order to find its resistance, connect a battery of e.m.f. 
ss the diagonal corners A and F as shown in the figure. 
Suppose that current I enters the skeleton cube at the 
1 A and leaves at the diagonally opposite corner E The 
nt I will divide in three equal parts each equal to I/3 
, AB, AD and AH. 

The current in AB, AD and AH will further divide along 
rent wires as explained below : 

(i) The part I/3 flowing along AB will divide in two equal 
 (I/6 each) along BC and BG. 

(ii) The part I/3 flowing along AD will divide in two 
1 parts (I/6 each) along DC and DE. 

(iii) The part 1/3 flowing along AH will divide in two 
1 parts along HE and HG. 

From the symmetry considerations, it follows that 
ent equal to I/3 should flow through in each of the three 
s CE, EF and GE so that a net current equal to I may leave 
skeleton cube at the corner F. | 

Applying Kirchhoff’s second law to the closed part 


3FA of the circuit : 
E = PD. across AB + P.D. across BG + PD. across GF 
51 f 
polrtirertgra—r (i) 


If R is effective resistance of the skeleton cube, ther 
E=IR ..-(ii) 
From equations (i) and (ii), we have 


LR gs r or R= r 
Dieta 2.19. 12 wires each of resistance r ohm are 
connected in the form of a skeleton cube. Find the 
tivalent resistance of the cube, when a cell is joined 
oss any one of the 12 wires forming the cube. 
Sol. 12 wires each of resistance rT ohm are connected in 
form of skeleton cube ABCDEFGH as shown in Fig. 2.30. 
order to find its resistance, connect a cell of e.m.f. E across 


For Gmbiti 


ous, brilliant & Curious Students —————=— 


wire AB, so that current I enters at corner A and leaves at B 
as shown in the figure. 


Fig. 2.30 

Now, at point A, the current I will divide in three parts 
along AB, AD and AH and then following three different 
paths, it reaches point B. It follows that the resistances of the 
three paths between points A and B are not equal. However, 
the resistances of the paths followed by the current in reaching 
the point B through wire AD or AH are equal. Therefore, 
equal amounts of current will flow through wires AD and 
AH. Suppose that current I, flows along wire AB and curres\' 
I, flows along each of the two wires AD and AH. Then, 
according to Kirchhoff’s first law, 

l=],+L+h 

or f1,4+2h ..-(1) 

Now, current I, through wire AD will again divide in 
two parts ; one part flowing along wire DC and then along 
wire CB; while the other part reaches point B by flowing 
through wires DE, EEF, FC and then through wire CB. As the 
above two paths are not of equal resistances, suppose that 
current I, flows through wire DC and the remaining part of 
the current (I, — I,) through wire DE. From symmetry 
considerations, it follows that current through wire HG will 
be I, and that through wire HE will be (1, — I,). The current 
through wire EF will become equal to 2 (I, — 14), which will 
then divide equally through wires FC and FG. The current 
through each of wire GB and CB will become I,, sO that at 
point B, current equal to I+lLt+hiel+2 I, i.e. | will leave 
the skeleton cube. 

For closed part EFGHE : 

-I,r+(,-1,)r+2 (I, -1,) r + (I, -1,) r=0 


I3=5 lo 

For closed part XADCBYX: - 
E=Lr+I,rthr=2hrthr 

Using equation (ii), we have 


or 
..-(ii) 


4 
B=2hrtelr= ela? ...(1i1) 
For closed part XABYX : 
From equations (iii) and (iv), we have 


14 
2) Riel & ir 
5 2 1 


...(iV) 


or l= ae 1, 
Substituting for I in equation (i), we have 
5 
T=], +2x—I,=—I (0) 
1 14 1 1 


If Ris equivalent resistance of the skeleton cube between 
points A and B, then 
B= R 
From equations (iv) and (vi), we have 


...(01) 


IR=I,r_ or 
Using equation (v), we have 
Renee ie 
121, 12 
Problem 2.20. Find the equivalent resistance betwen 


points X and Y of the network of resistors shown in 
Fig. 2.31. Each resistor is of resistance r. 


Fig. 2.31 
Sol. Let R be equivalent resistance between points X and 
Y of the network of resistors shown in Fig. 2.31. To find R, 
-onnect a battery of e.m.f. E across the points X and Y as 
hown in Fig. 2.32. 


Fig. 2.32 

Suppose that the network draws a current I from the 
battery. When the current I enters at point H, suppose that a 
part I, flows along path HAB. By symmetry, an equal current 
I, will flow along path HGF. According to Kirchhoff’s first 
law, the remaining part I-21, will flow along path HO. Again 
by symmetry, the current I flowing out of point D will be 
composed of part I, from path BCD, part I, from path FED 
and (I—21,) from path OD. Applying Kirchhoff’s first law, it 
follows that no current will flow along path BO or FO. Thus, 
resistances connected across paths BO and FO are ineffective 
and hence the circuit shown in Fig. 2.32 may be represented 


x cinggt od Meza y biol 
di 
Fig. 2.33 é 
The circuit is, now, equivalent to the pa 
combination of three equal resistors, each of resistan 
Therefore, resistance of the network between points X. 
2r . 
R= — 
3 
Problem 2.21. Eight equal resistors, each of resis 
r are connected along the edges of a pyramid O/ 
having square base ABCD [Fig 2.34] Calculate the equi 
resistance of the network between points A and B. 

Sol. Let R be equivalent resistance between poi 

and B of the network of resistors shown in Fig. 2.34. 


i, 

Fig. 2.34 
In order to find R, connect a battery of e.m.f. E acro 
points A and B as shown in Fig. 2.35. 


Fig. 2.35 


If lis current drawn by the network from the bz 
then 


Bh 


at Vv ers 2 a 
along path AO and another part I, along part AD. 
ccording to Kirchhoff’s first law, the remaining part 
- I,) will flow along path AB. By symmetry, the 
I flowing out from point B will be composed of part 
path OB, part I, from path CB and (I-1,—I,) from 
B. Also, when current I, enters at point D, if a part 
s along path DO, then remaining part (I, — I,) will 
ong path DC. Again, by symmetry, the current along 
C will be equal to I;. The distribution of current in 
; branches of the circuit is as shown in the figure. 
closed part ABOA of the circuit : 
Lr+hr —(I-1,-1,)r=0 
: 31,+1L=I 
) closed part ADOA of the circuit : 
' Ipr-Lr-r=0 
’ U-1,-h=! 
1 closed part CDOC of the circuit : 
(i, -1,)r-l,r-l,r=0 


..-(ii) 


..-{iii) 


1 
r 1,-31,=90 or lama 
ubstituting for I, in equation (iii), we get 
1 4 
I, -In-=12=0 L==! 
1 2 3 vd or 1 3 2 


ubstituting for I, in equation (ii), we get 


3 
in closed part ABYXA of the circuit : 
substituting for I, and I,, we have 


p=(1-A1-31)r=3g! 
15 183 15 
E38 P 
or T =r ...(i0) 
From equation (i) and (iv), we have 
8 
Rgso i 


15 
Problem 2.22. Find the equivalent resistance of the 
network of resistors shown in Fig. 2.36 between the 


‘ts X and Y. 


D 


Fig. 2.36 
Sol. Let R be equivalent resistance of the network of 
stors shown in Fig. 2.36. In order to find R, connect a 


as 
Fig. 2.37. 


Fig. 2.37 
If Lis current drawn by the network from the battery, 


then 


R== Ai 

Suppose that when current I enters at point A, a part 
1, flows along path AB and another part I, along AD. 
Then according to Kirchhoff’s first law, the remaining part 
(I-1, -—1,) will fiow along path AO. 

By symmetry, the current I flowing out from point C will 
be composed of part I, from path DC, part I, from path BC 
and (I—I, —1,) from path OC. Also, according to Kirchhoff’s 
first law, the current along path BO will be I, — I, and that 
along path DO will be I, — I,- The distribution of current in 
various branches of the circuit is as shown in the figure. 

In closed part ABOA of the circuit : 

I, x 10 + ,-1) 25-(-1,-1)x5=0 
or 41,+(,-1,)-20-1,-])=0 
or 71,+1,=21 
In closed part BCOB of the circuit : 

(I, -1,) x 25+ (I-1,-1,) x5-1,x5=0 
(I, -1,) +2(1-1,-I,)-21,=0 


.-{ii) 


or 
or +5h= 21 ...(iii) 
From equations (ii) and (iii), we have 


S, 


Substituting for I, in equation (ii), we get 


4 
or 


Z i, + : I, =e AN 
Substituting for I, in equation (ii), we get 


IXeI+]p =21 
17 


6 
or In = — if 
a 
In closed part XADCYX of the circuit : » 


E=Ipx5+]l, hes uta vio ick 
17, 17 17 
E . 70 : 
or he ...(i0) 
From equations (i) and (iv), we have 
70 


Problem 2.23. (a) In a metre bridge, the balance point 
is found to be at 39-5 cm from the end A, when the 
resistor R is of 12-5 Q [Fig. 2.05]. Determine the resistance 
of X. Why are the connections between resistors in a 
Wheatstone or metre bridge made of thick copper strips ? 
(b) Determine the balance point of the bridge above, 

if X and R are interchanged. 

(c) What happens, if the galvanometer and cell are 
interchanged at the balance point of the bridge ? Would the 
galvanometer show any current ? (Text Problem) 

Sol. (a) Here, R = 12550; 1=39-5 cm 
X=R (100-1) 12-5(100 — 39-5) 


Q. 2.01. What is the loop rule ? 

Ans. Kirchhoff’s second law is also known as loop rule. 
For statement, refer to section 2.01. 

Q. 2.02. Draw the circuit diagram of a Wheatstone 
bridge. 


Now, 


(F1,535.C E997 5.1995) 

Ans. For circuit diagram of Wheatstone bridge, refer to 
Fig. 2.03. 

Q. 2.02. Why is a slide wire bridge also called a metre 
bridge ? 

Ans. It is because, length of wire in a slide wire bridge 
is one metre. 

Q. 2.04. What is principle of a metre bridge ? 

(FL 625.C Ed 995) 

Ans. A metre bridge is based on Wheatstone bridge. 

Q. 2.05. Why are the copper strips in a slide wire bridge 
made thick ? 

Ans. In case, the copper strips are not thick, then their 
resistances have to be included in the respective ratio arms. 
In case, the strips are thick, their resistances can be safely 
ignored. 

Q. 2.06. The resistance in the left gap of a metre bridge 
is 10 Q and the balance point is 40 cm from the left end. 
Calculate the value of the unknown resistance. 

Ans. Here, 1=40 cm ;R=10Q 


Now, X Lp x La) _ 495, 100240 
l 40 
=10x 150 
40 


Q. 2.07. Name the device used for measuring the e.m.f. 
of a cell. (COBESvE. 1996) 

Ans. A potentiometer (after calibration) can be used to 
measure the e.m.f. of a cell. 

Q. 2.08. Why is a potentiometer named as potentio- 
meter ? 

Ans. Because, it is used to measure potential difference. 

Q. 2.09. Describe the principle of a potentiometer. 

(H.S.S.C.E. 2000 ; Pre-degree Kerala, 1991) 

Ans. For principle of potentiometer, refer to section 2.07. 

Q. 2.10. The wire of a potentiometer should be of 
uniform area of cross-section. Why ? 

Ans. If resistance per unit length of the wire is uniform, 
then fall of potential per unit length of the wire will also 


1 


3979 

Thick copper strips are used to minimise the resista 

of the strips, as the resistance of connecting copper (ies 
not been accounted for in the formula. 

(b) If X and R are interchanged, then 


100 — 
pax nD ( 1) 
100-1 
12-5 =19 nos ona 
or 12-51=1915-19-151 or 31-651=1915 
or 1= 60-5 cm (from end 


(c) The galvanometer will not show any current 
j 


FREQUENTLY ASKED VERY SHORT ANSWER QUESTIONS” > 


Answers/Hints 


uniform, when constant current is passed through it. C 
then, it satisfies the requirement of the pfiticiples ( 
potentiometer. 

Q. 2.11. Of which material is a PGtemuomer Vv 
normally made and why ? 

Ans. The potentiometer wire is made of an Alloys 
as eureka or manganin. It is because, an alloy has h 
resistivity and a low value of temperatere coefficien 
resistance. 

Q. 2.12. What type of cell should be used in dite r 
circuit of the potentiometer and why ? 

Ans. A Leclanche cell should be used in the main cir 
of the potentiometer. This is because of the fact that Leclar 
cell is useful, when the current is drawn for a short tim 

Q. 2.13. In a potentiometer arrangement, a cell of e. 
1-25 V gives a balance point at 35-0 cm length of the w 
If the cell is replaced by another cell and the balance p 
shifts to 63-0 cm, what is the e.m.f. of the second cell ' 


(Text Quest 
Ans. Here, E; = 1-25 V;1, = 35-0 cm ; 1, = 63-0 cm 
E 
Now, -l a. 
En kb 
or Ey 8, x/2:31:25x 2222.05 
h 35-0 


Q. 2.14. Sometimes balance point may not be obtai 
on the potentiometer wire. Why ? 

Ans. The balance point may not be obtained on 
potentiometer wire, in case the e.m.f. of the auxiliary bat 
(battery used to maintain constant current through 
potentiometer wire) is less than the e.m.f. of the cell t 
measured. 

Q. 2.15. The e.m.f. of the cell used in the main cir 
of the potentiometer should be more than the poten 
difference to be measured. Why ? 

Ans. If it is not so, the balance point will not be obtai 
on the potentiometer wire. 

Also, refer to VSQ 2.14. 

Q. 2.16. Name the device used for measuring 
internal resistance of a secondary cell. (C.BSiGars 

Ans. A potentiometer can be used to measure 
internal resistance of a secondary cell. 

Q. 2.17. Write down the relation between the e.m.! 
a cell and its internal resistance. (ho.GEai 


( 


OR 2 
). 2.01. State Kirchhoff’s laws. 
(H.S.S.C.E. 1995 ; 1.S.C.E. 1995) 
Or 
state Kirchhoff’s rules for electrical network. 
(H.S.S.C.E. 2002, 2001 ; C.B.S.E. 1996) 
Ans. For statement of Kirchhoff’s laws, refer to section 


Q. 2.02. Explain the significance of Kirchhoff’s law. 

. (PS.S.C.E. 1992) 
Ans. Ohm’s law can be used only to analyse simple 
rical circuits. When the circuit contains more than one 
-e of e.mf. and the distribution of current in various 
ches of the circuit is quite complicated, then one is unable 
alyse such a circuit by making use of Ohm’s law. In such 
e, Kirchhoff’s laws are used to analyse the circuit. 
Q. 2.03. Find out the magnitude of resistance X in the 
it shown in Fig. 2.38, when no current flows through 
yO resistor. (1.S.C.E. 1998) 


6V 


22 6Q 


Fig. 2.38 
Ans. Since no current flows through the 5 Q resistor, the 
uit represents a balanced wheatstone bridge. ~ 
i foo 
18 6 ; . 
Q. 2.04. What is the resistance between points A and 
1 the circuit shown in Fig. 2.39 ? (I.S.C.E. 1994) 


2 2 
or X =— x 18% 6,0 
5x14 


Fig. 2.39 

Ans. The network represents a balanced Wheatstone 
dge and hence the resistance of 5 Q connected across the 
idge can be considered as an open path. As such, the 
twork is equivalent to the circuit drawn in Fig. 2.40. 


/ 


poles of the cell on connecting a resistance S across it. 


FREQUENTLY ASKED SHORT ANSWER QUESTIONS 


di 


With Answers/Hints 


> 
iv) 


5Q 


Fig. 2.40 
The network is now a parallel combination of two 
resistive paths. The resistance of each resistive path is 5 + by 
ie. 10 Q. Hence, net resistance between points A and B, 


dyg TA " Oe: 
wae. ° 
Q. 2.05. The wire AB of a slide wire bridge shown in 
Fig. 2.41 is 400 cm long. Where should the free end of the 
galvanometer be connected on AB, so that the galvanometer 
shows zero deflection ? (C.B.S.E. 1997) 


8Q 122 


Fig. 2.41 
Ans. Suppose that the galvanometer shows zero 
deflection, when the free end of the galvanometer is 
connected at point J. If length of the portion of wire AJ = |, 
then 


JB = 400-1 
Since the bridge is balanced, we have 
l 8 


Q. 2.06. The variation of potential difference V with 
length / in case of two potentiometers X and Y is as shown 
in the Fig. 2.42. Which one of these two will you prefer for 


comparing e.m.fs. of two cells and why? (C.B.S.E. 1997) 
X 
Vv M6 
|—_— 
Fig. 2.42 


Ans. A potentiometer is said to be more sensitive, if fall 
of potential per unit length along the wire i.e. potential 


gradient (2 7 ) is small. The slope of V —/ graph i.e. is 


smalier for wire Y than that for wire X. Therefore, 
potentiometer using wire Y will be preferred for comparing 
e.m.fs. of two cells. 
Q. 2.07. How can you make a potentiometer of given 
wire length more sensitive using a resistance box ? 
(H.S.S.C.E. 1994) 
Ans. When resistance is introduced by using a resistance 
box, the current passing through the potentiometer wire 
decreases. It results in lesser value of fall of potential per unit 
length of the wire i.e. lesser value of the least count. 
Q. 2.08. Draw circuit diagram for the comparison of 
e..m.fs. of two cells with the help of a potentiometer. 
(H.S.S.C.E. 2002) 
Sol. Refer to Fig. 2.07. 
Q. 2.09. Draw the circuit diagram of a potentiometer 
for using it to find the internal resistance of a cell. 
Afiteno CE. 2007, P.S.5:C.E.. 3998) 
Ans. Refer to Fig. 2.08. 
Q. 2.10. In the circuit shown in Fig. 2.43, AB is a 
resistance wire of uniform ae -section in which a 
potential gradient of 0-01 V cm“! exists. 


Fig. 2.43 
(i) If the galvanometer G shows zero deflection, what 
is the e.m.f. E, of the cell used ? 
(ii) If the internal resistance of the driver cell increases 
on some account, how will it change the balance point in 


the experiment ? (C.B.S.E. 1998'S) 
Ans. (i) E, = potential drop across wire AJ 
= 180 x 0:01 = 1-8 V 
(ii) When the internal resistance of the driver cell 
increases, the current through wire AB and hence potential 
gradient along wire AB will decrease. 


Q. 2.01. If each of the resistances in network shown in 
Fig. 2.44 isr, what is the resistance between terminals 
AandB? CH S35 ba 200 FEES. 5.0L, 999 Ld L978) 


Fig. 2.44 
Ans. The given network can be redrawn as shown in Fig. 
2.45. It represents a balanced Wheatstone bridge i.e. if a 
source 


across a pi greater than 180 cmi.e. balance per 
towards right. 

Q. 2.11. A cell of e.m.f. 4 V and of negligible int 
resistance is connected in series with a potentiometer 
of length 400 cm. The e.m.f. of Leclanche cell is fou 
balance on 150 cm of the potentiometer wire. Find the « 
of the Leclanche cell. (Karnataka, 19 

Ans. The fall of potential per unit length of pote 


meter wire = ini =10°? Vem"! 
400 


Since Leclanche cell is found to be balanced ag 
150 cm of potentiometer wire, 

the e.m.f. of Leclanche cell = 150 x 10-7 = 1-5 V 

Q. 2.12. Why do we prefer a potentiometer w 
longer bridge wire ? (C.B.S.E. 7 

Ans. The smallest potential difference, which a P 
tiometer can measure gives the sensitivity of the pote 
meter. Therefore, for a potentiometer to be more sensitiv: 
potential drop per unit length of its wire should be as s 
as possible. Obviously, if a potentiometer has a longer bi 
wire, the potential drop per unit length will be lesser 
hence such a potentiometer will be able to measure very § 
potential differences. 

Q. 2.13. In what respect is the potentiometer b 
than a moving coil voltmeter in comparing the e.m.! 
two cells ? CES OLeres 2 

Or 

Why is the use of a potentiometer preferred ovet 

of a voltmeter for measurement of e.m.f. of a cell ? 
(C.B.S.E. 1998, 

Ans. When a voltmeter is connected across the two 
of a cell, it draws a small current from the cell. As a re 
the voltmeter measures terminal potential difference bet 
the two poles of the cell, which is always less than e.m 
the cell. 

On the other hand, when a potentiometer is used fc 
measurement of e.m.f. of a cell, it does not draw any cu 
from the cell. Hence, it measures e.m.f. of the cell. For | 
reasons, a potentiometer is preferred over a voltmete 
measuring e.m.f. of a cell. 


| TECHIE STUFF CONCEPTUAL $ 


Fig. 2.45 
of e.m.f. is connected across terminals A and B, no curren 
flow along the path PQ. Therefore, the path PQ in the net | 
is equivalent to an open path and the given network ca 
represented as shown in Fig. 2.46. 


Di ; 


Fig. 2.46 


Fig. 2.47 
rhe resistance of each of the two paths PR and OR is 2r 
wn in Fig. 2.47. If R is the resistance of the network 
en terminals A and B, then 
ae 3! i ileal jail 
ern LT el re ond 


Q. 2.02. In the circuit shown in Fig. 2.48, the resistances 
P and R are unequal. If the reading of the galvano- 
r remains the same with switch S open or closed, then 
4s the value of current through galvanometer ? 

. CLE tay) 


Fig. 2.48 
Ans. Since the closing or opening of the switch S does 
ffect the reading of the galvanometer, the points B and 
e at same electric potential. The current Ip flows as such 
ugh the resistance Q, while the current Ip flows through 


galvanometer. Thus, the current through the 
anometer is equal to Ip. 

Q. 2.03. A battery of e.m.f.9 V and negligible internal 
} resistance is connected to a3 kQ resistor. The potential 
» across a part of the resistor (between points A and B) 
easured by (a) a 20 kQ voltmeter [Fig. 2.49], (b) a1 kQ 
tmeter [Fig. 2.50]. In (c) both the voltmeters are 
nected across AB [Fig. 2.51]. 


4kQ 1kQ 
B B 
A A 
3kQ 3 kQ 
9V 9V 
Fig. 2.49 Fig. 2.50 
20 kQ 
(V) 
(V) 
poe 3 
A 
3kQ 
9V 
Fig. ZY 


In which case would you get the (i) highest, (ii) lowest 
ading ? 


cross A ( 
minimum amount), will give the highest r 
Incase (a), Ry = 20 kQ 
In case (b), Ry =1kQ 

il Mi eh sone Side Ree ko 
Ryi20, fed 20 21 

(i) Since in case (a), the resistance of voltmeter is 

maximum (20 kQ) ; it will draw minimum current and hence 
will give maximum reading. 


In case (c), 


: Neo aaes ae 20 e BEER 
(ii) Since in case (c), Ry is minimum & Ka it will give 
lowest reading. 
Q. 2.04. Fig. 2.52 shows a potentiometer circuit for 
@ comparison of two resistances. The balance point 
ha standard resistor R = 10 Q is found to be 58-3 cm, 
while that with the unknown resistance X is 68-5 cm. (a) 
Determiae the value of X. (b) What would you do, if you 
failed to find a balance point with the given cell E? 
(Text Question) 


583 685 


Fig. 2.52 
Ans. (a) Let E, and E, be potential drops across R and 
X respectively. 


Obviously, Ear 
Ey 


E ly 
X =| —£|/R=|— IR 
nA eS (2 | 


Here, R=10Q;1,=58:3 cm and I, = 68-5 cm 
x = 28> 10 =11-75.0 
58-3 

(b) We fail to get balance point with the given cell of 
Fyoqiae, 18), abi potential drop across R or X is greater than the 
potential difference across the wire AB. In order to obtain the 
balance point, either a suitable resistance should be put in 
series with R and X (so as to decrease current through wire 
AB and hence to decrease potential drop across the wire) or 
a cell of lesser e.m.f. should be used. 

Q. 2.05. Fig. 2.53. shows a potentiometer with a cell of 
ae 2-0 V and internal resistance 0-4 © maintaining a 
potential drop across the resistor wire AB. A standard cell 
which maintains a constant e.m.f. E, = 1-02 V (for very 
moderate currents up to a few ampere) gives a balance point 
at 67:3 cm length of the wire. To ensure very low currents 
drawn from the standard cell, a very high resistance of 600 
kQ is put in series with it, which is shorted close to the 
balance point. The standard cell is then replaced by a cell 
of unknown e.m.f. E, and the balance point found similarly 
turns out to be at 82-3 cm length of the wire. 


102V 


Fig. 2.53 

(a) What is the value of E, ? 

(b) What purpose does the high resistance of 600 kQ 
have ? 

(c) Is the balance point affected by this high resis- 
tance ? 

(d) Is the balance point affected by the internal 
resistance of the driver cell ? 

(e) Would the method work in the above situation, if 
the driver cell of the potentiometer had an e.m.f. of 1-0 V 
instead of 2:0 V ? 

(f) Would the circuit work well for determining 


Q. FREQUENTLY ASKED SHORT ANSWER QUESTIONS 


1. State and explain Kirchhoff’s laws for electrical circuits. 
Sia; CLE. 20027 1 996%-P 5.9.6.5. 2001, 1999 Si; 
PEP S0@. bat g9igis 5.0.6: 1999 on 199k; 

Pre-degree Kerala, 1994 ; C.B.S.E. 1992) 

2. State Kirchhoff’s laws for electrical circuits and explain 


them giving illustrations. (H.S.S.C.E. 1998) 
3. Apply Kirchhoff’s laws to obtain the condition of balanced 
Wheatstone bridge. 


(PS 3:@E. 1998/5 jFips.9:Cb.1998 5 FUP. Sore Eb. L998) 
4. Derive the principle of Wheatstone bridge using 
Kirchhoff’s laws ? 
GiS: o1@ibn 2002 7PS.5:C18: 199991997 Si 
I.S.C.E. 1994, 1993) 
5. Using Kirchhoff’s laws, derive the condition for balance 
of a Wheatstone bridge circuit ? 
(ifs: 91 E. 2002 2P'S25:G E2001 ; C.B.StE; 1995) 
6. Explain with the help of a circuit diagram, how the value 
of an unknown resistance can be determined using a 
Wheatstone bridge. Give the formula used. 
(C.B.S.E. 1996) 
7. Explain the principle of Wheatstone bridge for 
determining an unknown resistance. How is it realised in 


actual practice in the laboratory ? (C.B.S.E. 2002) 
8. What is a slide wire bridge ? How can you find unknown 
resistance by it ? (H.P.S.S.C.E. 2002) 


9. Witha circuit diagram, briefly expalin how a metre bridge 
can be used to find the unknown resistance of a given wire. 
State the formula used. (C.B.S.E. 2001) 

10. Draw a circuit diagram of a metre bridge arranged to 
compare two resistances. Explain the principle of the 
experiment and give the formula used. (C.B.S.E. 1995) 

11. Draw a circuit diagram of a metre bridge arranged to 
determine an unknown resistance. Explain the principle 
of the experiment and give the formula used. 

(C.B.S.E. 1995) 

12. Drawa neatly labelled diagram of a simple potentiometer 
and explain its principle. (C.B.S.E. 1998 ; 1.S.C.E. 1995) 

13. Explain the principle of a potentiometer. What are its 
uses ? (H.S.S.C.E. 2002) 


ry n\ 
as the Splat eae of a thermocouple? 2? (Text Que 
Ans. (a) Here, |, = 67-3 cm; I, = 82:3 cm; E, = 14 


oe a 
Now, =a 
_b 82-3 
E x Ey => «1-02 
sa Ch i era 
= 1-247 V . 


(b) The purpose of using high resistance is to allow 
a very small current to flow through the galvanometer, 
the balance point has not been obtained. 

(c) No, the balance point is not affected by the pre 
of high resistance. 

(d) No, the balance point is not affected by the . 
resistance of the driver cell. 

(e) No, the arrangement will not work. If the e.m_f. | 
driver cell is less than that of the cell whose e.m.f. is 
found, the balance point will not be obtained. 

(f) The circuit is not suitable for measuring extre 
small e.m-f. It is because in such a case, the balance poin 
be just close to the end A. 


Carrying 3 Marks 
14. Explain the principle on which working of a potentio 
is based. Why is the use of a potentiometer preferre 
that of a voltmeter for measurement of e.m-f. of a 
CEPPSSONC2 0B 
15. What is a potentiometer ? Explain, how it is us 
compare the e.m.fs. of two cells. 
(H.P.S.S.C.E.2002, 
16. Define e.m-f. of a cell. Explain how will you compa 
e.m.fs. of two cells with the help of a potentiomete 
(P5;:S.G. Ee 
17. What is the principle of a potentiometer ? How isi 
to compare e.m.fs of two cells. 
(PS.S.C.E.. 1999'S 5, C.BiS.E. 1999 1998 31994, 
JQP S.S3G-E, ll 997) 5 ETS Se 
18. With the help of a circuit diagram ; explain t 
potentiometer can be used to compare e.m.fs. of tw 
State the formula used. 
(E.S'S:C.E. 2002; C.B:S4E.42000 7 F.P.S.3.C.E. 
19. Explain, how you will compare the e.m.fs.’ of two c¢ 
a potentiometer. (C,H. SE 
20. Draw a circuit diagram and explain how the e.m 
the two primary cells can be compared by us 
potentiometer ? State the formula used. 
(C.B.S.E. 2000, 
21. Define e.m-f. of a cell. Explain how the internal resi: 
of a primary cell can be determined using a potentio: 
(PS:S:(GE- 
22. Explain, with the help of a circuit diagram, the 1 
potentiometer for determination of internal resista: 
a primary cell. Derive the necessary mathem 
expression. (B29. E1099 19987 HPS.9.C.E. 
23. Give the principle of a potentiometer. Explain hov 
you use it to measure the internal resistance of a ce 
(P.5.9.G. Et, 1999 Sy, Tl. Spas Cakar ds 
24. With the help of a circuit diagram, explain how the in 
resistance of a cell can be determined usi 
potentiometer. Write the formula used. 
(H.S.S.C.E. 2002 ; C.B.S.E. 2000, 


a 
ie 


EREQUENTLY ASKED LONG ANSWER QUESTIONS 


= 


State and explain Kirchhoff’s laws. Derive the condition 
for obtaining balance in a Wheatstone bridge. 
(H.PS.S.C.E. 2000 ; P.S.S.C.E. 2000 ; C.B.S.E. 1990) 
State Kirchhoff’s laws of electric circuits and using these 
laws, derive Wheatstone bridge principle ? 
(P.S.S.C.E. 2002, 2001) 
What is Wheatstone bridge ? Derive the condition for 
balance of a Wheatstone bridge. How does it form the 
principle of a slide wire bridge ? Draw a circuit diagram 


A. On Kirchhoff’s laws 


_ Fig. 2.54 shows a part of an electric current consisting of 
resistors of resistances r, 2 r and 3 r. The potentials at the 
points A, B and C are 3 E, 2 E and E respectively. Find the 
potential at point O. Also, find the value of currents I, I, 
and I,. 


2 


Wie Wire .dir’ lr 


[Ane 2 PEL). yf2E aa 


B 


Fig. 2.54 
_ Two cells of e.m.f. E; = 1-5 V and E = 2-0 V and internal 
resistance of r, = 1-0 Q andr, = 15Q respectively are 
connected to an external resistance of 2-5 Q as shown in 
Fig. 2.55. Find the current in the circuit and the potential 
difference between points Band C. [Ans. 0-1 A, 1-85 V] 


Fig 2°55 
3. Inthe circuit given in Fig. 2.56, find the potential difference 
between the points A and B. Assume that both the batteries 
have zero internal resistance. [Ans. 9-6 V] 


E=12V RR, =120 


Carrying 5 Marks 


to compare two resistances with the help of a slide wire 
bridge. 

4. Describe the principle and construction of potentiometer. 
Explain, how a potentiometer can be used to compare the 


e.m.fs. of two cells. (2S'S. GE. 2002) 

5. Give the principle of a potentiometer. Explain, how will 
you use a potentiometer to (i) measure the internal 
resistance of a cell and (ii) to compare the e.m.fs. of two 
cells. 


-FREQUENTLY ASKED NUMERICAL PROBLEMS 


For Practice 
4. In the network shown in the Fig. 2.57 : 
1, Ey=10V 


Fig. 2.57 
(i) What is current in 2 Q resistor ? 


(ii) What is terminal voltage of each battery ? 


[Ans. (i) 3-5 A; (ii) across E, or E, = 7 V] 

5. The circuit diagram shown in Fig. 2.58 has two cells E; and 
E, with e.m-f. 4 V and 2 V respectively, each one having 

an internal resistance 2 Q. The external resistance R is of 

8 Q. Find the magnitude and direction of the currents 
flowing through the two cells. (I.S.C.E. 1998) 
[Ans. i, = 2/3 A, I, =—1/3 A] 


Fig. 2.58 
6. Using Kirchhoff’s laws, determine the currents I, 1, and 
I, for the network shown in Fig. 2.59. (C.B.S.E. 1999 S) 
{Ans. I, =3 A, I, =-15A,1,=45A] 


Fig. 2.59 


connected in parallel with another cell of e.m.f. E, (= 1:5 V) 
and internai resistance 2 Q. When the combination is in 
parallel with a resistance of 4 Q, find the current through 
each branch and also the potential difference across the 4 


(Karnataka, 1990) 
1 ‘yi 11 


Q resistance. 


pA sie A; — V 
28 28 7 

8. Two cells of e.m.fs. 6 V and 12 V and internal resistances 

1 Q and 2 Q respectively are connected in parallel so as to 

send current in the same direction through an external 

resistance of 15 Q. Draw the circuit diagram. Using 

Kirchhoff’s laws, calculate : (i) current through each branch 

of two circuit, (ii) potential difference across the 15 Q 

resistance. (H.S.S.C.E. 2002) 

[Ans. (2 I; due to 6 Vcell) =—1-66A, 1, (due to 12 V cell) =2-17A, 

I (through 15 ) = 0-51 A (ii) 7-65 V) 

9. Find the currents through ali the arms in the network 

shown in Fig. 2.60 of a cell and resistances. 


| Ans.) = 3 AI =~ 


At Aor eho 2 Re tig: BQ 4. oD 
I, 
E=2V 
r=22 1a 
Rego. & 
Fig. 2.60 
0 58 10 42 
Ans Te A: ee ede Asian © lee = A 
ie Od gee Be ee 6 FOF og 


2 
and lop = Ink = IpF = 99 A] 
10. In the circuit shown in Fig. 2.61, find the current through 
4 Q resistor. (LLT. 1998) [Ans. 0-25 A] 


3Q 2Q 22 
9V 8Q 4Q 
2Q 2Q 
Fig. 2.61 


11.. Two cells of e.m.f. of 1-6 V and 2:4 V have internal 
resistance 2 Q and 4 Q respectively. The two positive poles 
are connected to resistance of 6 Q and negative poles 
connected to 8 Q coil. If another wire of 10 2 is connected 
between the mid-points of these wires, what is the 
potential difference across it. (Karnataka, 1984) 

[Ans. 1-31 V] 

12. In the network shown in the Fig. 2.62 : 


4 14V 


Fig. 2.62 
(i) Find the current I,, I, and I. 
(ii) Find the potential difference between points B and E. 
[Ans. (i) ], =2A,1,=3A,1,=1A4A; (ii) 2 V] 


[Ans. Zero in each resisté 


3V 3V 
A B D 
I, I; 
10Q 102 
A 3V ‘ 3V 5 
Fig. 2.63 
14. In the network, given in the Fig. 2.64 : 
A B 
3Q 4Q 
+ + 
2V 4V 
1Q 22 
+ 
6V 
Fig. 2.64 


(i) Calculate the current through the 6 V battery. 
(ii) Determine the potential difference between points A 
B. [Ans. (i) 1-3 A; (ii) 
15. Determine the values of currents Ij, Ip and J; in the nets 
shown in Fig. 2.65. Given that R, = R, = 2Q,R,=1Q, 
R, =4Q,E, =5 Vand E, = 10 V. 
[Ans. I, = I, = 1-875 A, I, =2 


Type B. sige Be id 


16. Five resistances are connected as shown in Fig. 2.66. \ 
is the effective resistance between points X and Y ? 
(H.S.S.C.E. 1996) [Ans. 3:33 c 


Cc 
20 3Q 
x Y 
49 hy 
D 
Fig. 2.66 


- ie ct ev r = or: 
from the battery as shown in Fig. 2.72. [Ans. 2 A] 


3. 


Fig. 2.67 
Find the equivalent resistance of the network shown in Fig. 
2.68. between points X and Y. [Ans, 10 Q] 


Fig. 2.68% 
Six equal resistors, each of 5 Q are connected to a battery 


“of e.m.f. 3 V as shown in Fig. 2.69. What is the current 
_ drawn by the circuit from the battery ? 
i AS 


[Ans. 1-2 A] 


3V 


Fig. 2.69 
For the network shown in the Fig. 2.70, determine the value 
of R and the current through it, if the current through the 
branch AO is zero. [Ans. 6Q,0-5 A] 


A 


wv 22 


Fig. 2.70 
Five equal resistors, each of 2Q, are connected in. a network 


as shown in Fig. 2.71. Find the equivalent resistance 
between points X and Y. -(H.S.S.C.E. 1999 S) [Ans. 2 Q] 


23. 


24. 


25. 


1|- 
4v 


Fig. 2.72 

In a Wheatstone’s bridge network, resistances P = 3 2, Q 
=20,R=6Q,S=4 Qand the galvanometer resistance G 
=5 Q. Calculate the currents in different branches of the 
network. E.M.E. of the cell is 2 V. Ignore internal resistance 
of the cell (H.S.S.C.E. 2002) 
[Ans. 1= 0-6 A;Ip=15=04A, Ip =15=0:2 A, Ig = 01 
In the circuit shown in Fig. 2.73, find the currents I, I,, I, 
and I,. Given that e.m.f. of the battery = 2 V, internal 
resistance of the battery = 2 Q and resistance of the 
galvanometer = 4 Q. [Ans.I=47/91A,I, =17/91A, 
1, = 30/91 A, 1, = + 1/91 A] 


1,—I, 


Fig. 2.73 
Determine the current in each branch of the network as 
shown in the Fig. 2.74. [Ans. I] = 10/17 A, 1, = 4/17 A, 


lL, =6/17 A, ly =-2/17 A, ly = 6/17 A, I; = 4/17 Al 


G, 102 Ae H 
Fig. 2.74 
Type C. On Slide wire Bridge 


26. 


Pat fe 


Two parailel resistors of 5 ohm and 20 ohm are connected 
in left arm of a metre bridge. If the null point is at 40 cm 
from left end of the wire, calculate the value of resistance 
connected in right arm. [Ans. 6 Q] 
In the circuit shown in Fig. 2.75, a metre bridge is shown 
in its balanced state. The metre bridge has a resistance of 
1.Q cmr!. Calculate the value of the unknown resistance 
X and the current drawn from the battery of e.m.f. 6 V and 


28. 


ahi 


30. 


31. 


Fig. 2.75 
Ina slide wire bridge, when a resistor of resistance 2 Q is 
in left gap and unknown resistance in right gap, the 
balance point is obtained at 40 cm from the zero end of the 
wire. Find the shift in the balance point, when the 
unknown resistor is shunted with a resistor of 2 Q. 
[Ans. 22-5 cm] 
In a metre bridge experiment, resistors of resistance 5 Q 
and 2Q are connected in the left and right gap respectively. 
When the resistor of 5 Q is shunted by a wire, the balance 
point is found at 62-5 cm mark. What is the resistance of 
the wire ? [Ans. 10 Q] 
In a metre bridge experiment, a resistance R is kept in the 
right gap in all the observations. When resistances R, and 
R, are connected in trun in the left gap, the balance point 
is obtained at 40 cm and 50 cm from the zero end of the 
wire. Find the position of balance point, when the left gap 
contains R, and R, (a) in series and (b) in parallel. 
[Ans. (a) 62:5 cm (b) 28-6 cm] 
In comparing the resistance of two coils P and Q witha 
metre bridge, the balance point is obtained at 30 cm from 
the zero end. The coils P and Q are interchanged and the 
balance point is obained at 120 cm from the zero end. Find 
(a) the ratio of the resistance of the two coils and (b) the 
length of the bridge wire. [Ans. (a) 1 : 4 (b) 150 cm] 


Type D. On Potentiometer 


oz. 


33. 


34. 


35. 


36. 


A cell gives a balance with 85 cm of a potentiometer wire. 
When the terminals of the cell are shorted through a 
resistance of 7-5 Q, the balance is obtained at 75 cm. Find 
the internal resistance of the cell. (LS.C.E. 1995) 

[Ans. 1 Q] 
It is found that 125 cm length of a potentiometer wire is 
required to balance the e.m.f. of a Daniel cell but that only 
100 cm of the wire is required for the balance, if the poles 
of the cell are joined to a resistance of 2 ohm. Calculate the 
internal resistance of the cell. [Ans. 0-5 ohm] 
A cell can be balanced against 110 cm and 100 cm of 
potentiometer wire respectively, when open circuited and 
when short circuited through a resistance of 10 ohm. Find 
the internal resistance of the cell. [Ans. 1 Q] 
tn an experiment to determine the internal resistance of a 
cell, the null point is obtained at 220 cm, when the cell is 
shunted by a resistance of 5Q. When the cell is shunted by 
a resistance of 20 Q, the null point is obtained at 300 cm. 
Find the internal resistance of the cell. [Ans. 2-76 Q] 
In the circuit a shown in Fig. 2.76, AB is a uniform 


37. 


ou: 


40. 


41. 


series arrangement of cn E, ore e.m.f. 2 V and eat 
internal resistance and a resistor R. Terminal A is a 
connected to an electrochemical cell E, of e.m.f. 1001 
and a galvanometer G. In this set up, a balancing poin 
obtained at 40 cm mark from A. Calculate the resistai 
of R. If E, were to have an e.m.f. of 300 mV, where will 
expect the balancing poirit to be ? (C.B.S.E. 1998 

[Ans. 70 Q, balance point will not be obtain 
Two cells of e.m.f. E, and E, (E, > E,) are connected 
shown in Fig. 2.77. When a potentiometer is connec 
between points A and B, the balancing length of © 
potentiomter wire is 300 cm. On connecting the sa 
potentiometer between points A and C, the balanc 
length is 100 cm. Calculate the ratio of the e.m.fs. of the t 
cells. (C.B.S.E. 1994) [Ans. 3 


A aT ee C 
1 2 


Fig. 2.77 
A potentiometer has five segments of wire, each of len 
1 m. A battery is used to pass a steady current throug! 
It is found that the e.m-f. of a cell can be balanced at‘ 
cm from the zero end. Now, the battery is connected acr 
the four segments of wire. Find the length of | 
potentiometer wire that will balance the e.m-f. of the c 
[Ans. 280 ¢ 
A cell of e.m.f. 2:56 V and negligible internal resistanc 
in series with a 1 m long potentiometer wire and a resis 
The resistance per unit length of the wire is 0-025 ohm | 
cm. The potential difference across a length 50-9 cm of 
potentiometer wire balances the e.m-f. of 1-018 V 
standard cell. Find the resistance of the resistor. 
[Ans. 0-7 
Astandard cell of e.m.f. 1-08 V is balanced by the poten 
difference across 91 cm of a metre long wire supplied 
a cell of e.m.f. 2 V through a series resistor of resista: 
2 Q. The internal resistance of the 2 V cell is zero. Find 
resistance per unit length of the potentiometer wire. 
[Ans. 0-0292 Q cr 
A potentiometer wire carries current. The potent 
difference across 70 cm of it balances the potent 
difference across a 2 ohm coil supplied by a cell of e.r 
2 volt. When a 1 ohm coil is placed in parallel with 
2 ohm coil, a length equal to 50 cm of the potentiome 
wire is required to balance the potential difference acr 
the parallel combination. What is the internal resistance 
the 2 V cell ? [Ans. 0-5 
MISCELLANEOUS PROBLEMS 
Find the resistance between points X and Y of the netw 
of resistors shown in Fig. 2.78, if each resistor is 
resistance r. 


| Ans. : 


Sa 


Fig. 2.76 


Fig. 2.78 


wt 
. 


2.79 between the points A and B. 


[Ans. 0-8 r] 


F 
Fig. 2.79 
Find the resistance between points X and Y of the 
network of resistors shown in Fig. 2.80, if each resistor is 


of resistance r. 10 | 
Ans. — fr 
9 


Fig. 2.80 
Find the effective resistance between the points A and B 
of the network shown in Fig. 2.81. Each resistor has shown 
in Fig. 2.81. [Ans. 0-5 r] 


Fig. 2.81 
Eleven resistors, each of resistance r are connected in the 
form of an incomplete cube as shown in Fig. 2.82. Find the 
resistance of the network between the points A and B of 


the network. 
| Ans ‘g 4 
Bb 


‘shown in Fig. 


48. 


49. 


50. 


51. 


i u of resistance 2 Q. AOC 
and BOD are two wires (each of resistance 1 ) forming 
diameters at right angles to each other. Show that the 
resistance of the network is 15/14, if the battery is placed 
in AD. 

In the circuit shown in Fig. 2.83, calculate the potential 
difference across the capacitor C. [Ans. Zero] 


E,=2°5V 


20 


Fig. 2.83 
In the network shown in Fig. 2.84, P2010 =2, 9; 
R=3 0;S= 7, Q7G-33 pF and E = 6 V. (a) Find the 
charge and energy stored in the capacitor. (b) For what 
value of Q, the charge on the capacitor will be zero ? 


Fig. 2.84 

[Ans. (a) 3-6 pC ; 2:16 x 10° J (b) = 14/3 QI 
Acertain unknown resistance is connected in the left gap 
and a resistance box in the right gap of a metre bridge. By 
introducing a resistance of 10 Q with the help of resistance 
box, the balance point is determined. If the balance point 
shifts by 20 cm on increasing the resistance from the 
resistance box by 12-5 , find the value of unknown 
resistance. [Ans. 15 Q] 
A short circuit occurs in a telephone cable having a 
resistance of 0-45 Q m"!. The circuit is tested with a 
Wheatstone bridge. The two resistors in the ratio arms of 
the Wheatstone bridge network have values of 1110 Q and 
100 Q respectively. A balance condition is found, when the 
variable resistor has a value of 400 Q. Calculate the distance 

down the cable, where the short has occurred. 
[Ans. 40 m] 
In the circuit shown in Fig. 2.85, the uniform wire AB of 
the metre bridge is 1 m long and is of resistance 10 Q. If the 
bridge is in balanced state, find the distance of the balance 
point from the end A. [Ans. 37-5 cm] 
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Fig. 2.85 


1. 


ies ers 


Tah Sonn 


series combination is placed across a resistor of resistance 
108 ohm which is in series with a potentiometer wire, a 
battery of e.m.f. 4 V and zero internal resistance and 
another variable resistor. The resistance of the 1 m long 
potentiometer wire is 2 Q. What should be the resistance 
of the variable resistor, so that the deflection in the 
galvanometer is to be zero ? [Ans. 290 Q] 


__ SOLUTIONS/HINTS TO ft 


At the junction O, according to Kirchhoff’s first law, we 
have 
I, -I,-1, =0 saat) 
Here, V, =3 E, Wee 2 Band Veo k 
Let V be potential at point O. Then, 
V,-V=]xr or 3E-Ve=lLr 


3E-V 
or I, = z pect?) 
Again, V-Vg=1,x2r or V-2E=21r 
mV 2B 
or Ratio: iii) 
Also, V-Vce=1,x3r_— or V-E=31,r 

v= 5 
or I3= 37 (iv) 


Substituting for I,, I, and I, in equation (i), we have 
3E-V V-2E V-3E 


a a ee ee =e () 
r 2r 3 
or 6(3E-V)-3(V-2E)-2(V-3E)=0 
11V=26E eel 
or = or mee) 
Now To 3E-26E/11 RITE 
r lir 
I = 26E/11-—2E _ 2E 
é 2r lir 
26E/11-E: o5E 
and I; = 
cea ere 


Suppose that current I flows in the circuit in the direction 
CBAX YC. 
According to Kirchhoff’s second law, 
E,-E,=I(4+m+R) 
or . 20-15 =1(1-0+ 15+ 2-5) or I=0-1A 
Since current flows out from the cell E,, potential drop 
across fr, opposes its e.m.f. Therefore, 
Vg - Vc =8,-I rr =20-0-1 x 1:5 =1-85 V 
Let I be current in the circuit. 
According to Kirchhoff’s second law, 
E,-E,=I1(R,;+R,) or 12-8=I1(1-2 + 0-8) 
or I=2A 
Since current I flows out from the cell E,, potential drop 
across R, opposes its e.m.f. Therefore, 
Va — Vgp=E, -1R,=12-2x12=96V 
Aliter. Since current I flows into the cell E,, potential drop 
across R, aids its e.m.f. Therefore, 
Va-Vp=E, + 1R,=8+2x08=96V 

(i) By proceeding as in solved problem no. 2.02, it can be 
obtained that 

I,=1A and 1,=25A 
Therefore, current throgh 2 Q resistor, 

[=1,+1,=1+25=35A 


resistance 20 Q, he null point is found to be at 1000 cr 
a voltmeter is connected across the cell, the balance 
length decreases by 20 cm. Find’ (a) the resistance of | 
potentiometer wire, (b) reading of the voltmeter and (c) 
resistance of the voltmeter. (C.B.S.E. 2000 

[Ans. (a) 60 Q, (b) 3-92.V, (c) 980 


(ii) Terminal voltage across Ey, } 
V,=R,-1,74=10- 1x3=7V 4 

Terminal voltage across E,, | 
Vy =E,~-1, 172 =12-25x2=7V 

Proceed as in problem no. 4. 

Proceed as in problem no. 4. 

Proceed as in solved problem no. 2. 02. 

Proceed as in solved problem no. 2.02. 

The current through various branches of the circuit will 

as shown in Fig. 2.86: 


AI Bly 20 Bait 22. p 


Ee ae 


H Gm Re, Mah os oot Ey 
Fig. 2.86 tags 
In the closed part ABGHA of the. cireuit 
Ix2+1,x1=2 . 
or 21+1,=2 


In the closed part BCFGB of the circuit : 

(I-1,)x2+1I,x1+(-I)2-1,x1=0 

or 41-51,+1,=0 

In an closed part CDEFC of the circuit: 
(-1,-L) x Qe +2) 2hxd 50 oo) ’ 

or 5I-51,-61,=0 | zt 


Solving ae (i), 3 and (iii), we get 
10 
0 as: eee 
l= 3 i= Ai I,= a —A 


In¢ =e = 1-1 ane A 
BC ~ “FG 1 99 


and lop =Ipg=lep=1-1,-h= aA 
10. Proceed as in problem no. 9. 
11. Proceed as in solved problem no. 2.04. 
12. (i) From Kirchhoff’s first law, at the jen B, we ha 
L=+h 5 
In the closed part ABEFA of the circuit 
61, -21,=10 
In the closed part ACDFA of the circuit : 
41,+21,=14 we 
Solving equation (i), (ti) and (iii), we get .: 
I, =2A,1,=3Aand1,=1A. 
(ii) Potential difference between points B and E 
= potential drop across 2 Q=2x1I,=2x1= 
13. In the closed part ABGHA of the circuit : 
3+(-3)=I,x10 or J,=0 
In the closed part ACFHA of the circuit : 
3+3+(-3)+(3)=1,x10 or 1,=0 


4, 


16. 


17. 


3434+34+(3)+63)+03)=1,« 10 or I,;=0 
(i) Let the distribution of current in various branches of the 
circuit be as shown in Fig. 2.87 : 


Fig. 2.87 
In the closed part AKMA of the circuit : 
I,x3-(,-1,) x1 = 2 
or 41,-1,=2 pat) 
In the closed part BLMB of the circuit : 
I,x4+(,+1;)x6=4 or 61,+101,=4 
or 31,+51,=2 (ii) 
In the closed part KLMK of the circuit : 
(I, -1,) 1+, +1) x6=6 


Solving equations (i), (ii) and (iii), it can be obtained that 


(ii) Va - Vp = Fy +E, + (- Ey) =2+6-4=4V 
In the closed part E,ABE, of the circuit : 
(Il, + 1,-1,) xR, - 43-1) x R,=E, 
or (I,+1,+1,)x 2-(,-1)x2=5 
or 41,+21,-41,=5 itd) 
In the closed part E,ACBE, of the circuit : 
— (I, -I,) x Ry + 1, x Rs = Ey 
or -(I,-I,) x 4+1,x4=5 
or -41,+81,=5 (ii) 
In the closed part BCOB of the circuit : 
I, x Ry +1; x Rs + (3-1) x R, =E, 
or 1, x1+1,x4+(,-1) x2=10 ; 
or 21, +1, +61, =10 (iti) 
Solving equations (i), (ii) and (iii), it can be obtained that 
I,=1,=1875A and 1,=25A 


2) 04 
Since the bridge is balanced (= = “| , no current flows 


along the path CD. Thus, 10 Q resistance is ineffective and 
may be ignored. 
Resistance of branch XCY, R, = 2 + 3=5Q 
and resistance of branch XDY, R, = 4+6=102 
Therefore, effective resistance between points X and Y, 
_R,XRz _ 510 _ 50 
R,+R2, 5410 15 
The given circuit is an arrangement of balanced 
Wheatstone bridge and therefore AB may be treated as an 
open path. 
Resistance of branch XAY, R; = 10+ 10 = 20 2 
Resistance of branch XBY, R, = 10 + 10 = 20 2 
Therefore, effective resistance between points X and Y is 
given by 
LT pe TAY ik elt bate 


SS SS Tt TT 
R R, Ro 40 20 20 40 
or R=8Q 


= 3-33 Q 


me 
40 


B 


Fig. 2.88 
Now, proceed as in problem no. 16. 
19. The given network can be arranged as shown in Fig. 
2389. 


3V 


Fig. 2.89 
It is a balanced Wheatstone bridge. Proceeding as in 
problem no. 17, it can be obtained that the effective 
resistance of the network, 
R=25Q 
Therefore, current drawn by the circuit, 


20. The given network can be rearranged as shown in Fig. 
2.90 : 


G H 
10Mr eA 


Fig. 2.90 
As the current through branch AO is zero, the bridge is 
balanced i.e. 


or R=4x15=62 


Resistance of branch BAC, R, =1+1:5= 2:5 Q 
Resistance of branch BOC, R, = 4+6= 10 Q 
Hence, equivalent resistance of the circuit, 

R, Ro - 2°5x10 


oe 4g gg eS 4 2242540 
Requi R, +R, 2°54+10 


21. 


ae 


23. 
24. 


or 
or 


255 
26. 


Now, current in the main circui 


Regui 4 
Hence, current through R (or branch BOC), 
l= TIXRy _ 2:5X2:5 
Ry Re ao 10 
The given network can be rearranged as shown in Fig. 
Dies B 


22 
2Q 


Fig. 2.91 
It is a balanced Wheatstrone bridge. Its effective resistance 
can be found by proceeding as in problem no. 16. 
The given network can be rearranged as shown in Fig. 
DS de 


| 

4V 
Fig. 2.92 

It is a balanced Wheatstone bridge. 

The effective resistance of network, 


Therefore, current drawn by the circuit] =4/2=2A 
Proceed as in solved problem no. 2.09. 
At the junction A, according to Kirchhoff’s first law, we 
have 
I=],+]L FAG) 
In closed part ABDA of the circuit : 
I, x2+1,x4-1,x1=0 
or 21,-1,+41,=0 
In closed part BCDB of the circuit : 
or 31,-21,-91,=0 
In closed part ABCHGA of the circuit : 
I, x2+(,-I,)x3+Ix2=2 
I, x2+(,-I,)x3+(,+1,)x2=2 
71,+21,-31,=2 .-.(iv) 
Solving equations (ii), (iii) and (iv), it can be obtained that 
17 30 1 
ot nda uth, ries 
From equation (i), we have 
ED Ming A7- 
CT) ire) | 
Proceed as in problem no. 24. 
5 x 20 


5+20 


---(ii) 


.--(1i1) 


= 


I=1],+]L= 


4Q. 


Resistance in left arm, Ry = 


29. 


30. 


31. 


32. 


33. 


id Ee sii olay oF 4x60 _ 62 
X (100-40) 40 
Proceed as in solved probiem no. 2.12. 
Let X be unknown resistance. Then, 
2. 40 on x= 2% 00 30 
X (100-40) 40 


When unknown resistance is shunted with 2 Q resistor : 
Noe et Pee og 
Xt2/3+2 
If balanced point is obtained at a distance |’ from the left 
end, then, 


Re arena 6 Oe 
xX’ (100—1") 1:2 (00-I’) 
I’ = 62-5 cm 


Therefore, shift in balance point, 
I’-1 = 62-5 — 40 = 22-5 cm 
Resistance in right gap, X = 2 Q 


Let S be the resistance of shunt wire. Then, 


resistance in left Bapienes 5S 
5S) SF S 
R l 5S 62:5 
Now, = SS a or = es 
xX 100-1 (5+S)x2 100—62°-5 
or S=102 


Resistance in right gap, X = R 
When resistance R, is in left gap : 


R, 40 2R 
a > eee or Ry = —_ 
R (100-40) 3 
When resistance R, is in left gap : 
R, 50 
‘R 100-50 Rh cate 
(a) R, =Ry +Ro -=*+r=28 
N Me a! 5R/3 l 
SR Ot wet R 100-1 
or 1 = 62-5 cm 
Athy Rs OCC Se Re 
OR phe TROP ORV BERYL a 
Now, ae or ar 
Ree LOO R 100 —1 
or [= 28-6 cm 
Let | be total length of the wire of metre bridge. 
Now, bas = hai (i) 
Oo 1-30 au 
When coils P and Q are interchanged : 
Opis B24, 
a f—120 L678) 


Multiplying equations (i) and (ii), we have 
By sO 30 120 
——— x 

OQ Paal= 30y, les120 
or F-1501 +3600 = 3600 or 1=150 cm 
Substituting for / in equation (i), we have 

ve ya aoe ea 2 

Q "15043054 


r-(=-1}s- els s-(F-1)x7-5=19 
Vv a 75 


Proceed as in problem no. 32. 


ti 


or (1—30) (1-120) = 3600 


36. 


37. 


38. 


When shunted by 5 Q resistor 


4 (= 4 ) 20 AG 


ib be )xs-(55- x20 or 
220 300 


Substituting for J, in equation (i), we have 


L = 341-4 cm 


=( = -1)x5=276 Q 
220 
Current through potentiometer wire, 

E; 2 


I 


“R+Raz R+10 
Resistance of balancing length of the wire, 


Rises 40= 42 
100 


.. E, = potential drop across R’ 


ja es tle 
or 100 x 10 R410 


8 


~ 100x 1079 
Potential drop across whole length of potentiometers wire, 


or t= 20 > 


V =Rap X1=10X =0-1V=100mV 


2 
10 +10 
Since V is less than 300 mV, balance point will not be 
obtained, if E, were to have an e.m.f. of 300 mV. 

When potentiometer is connected between the points A 
and B: 

E, « 300 A 4) 
When potentiometer is connected between points A and 
Cre 
The net e.m.f. of the two cells = E, — E, 


E,-E, « 100 (ii) 
Dividing equation (ii) by (i), we have 
Dee ae on wee 
E, 300 E, 
apa 
BE 2 


Letr be resistance of 1 cm length of the potentiometer wire. 
Then, total resistance of potentiometer wire = 500 r 
In first case : If E’ is e.m.f. of the battery used to pass 
curreni through the potentiometer wire, then 
E’ 
lL= 
‘500 r 

If E is e.m-f. of the cell, then 

E = potential drop across 350 cm long wire 


350 r x E’ 
SDK ly Sa 
; 17500 r 
10E 
E’ = — 
of > 
In second case : Current through potentiometer wire, 
zr. E’ 10E- 


ee Se ee est we 
2" 400r 7x400r 280r 


Suppose that the e.m-f. of the cell is balanced against length 
1 of the potentiometer wire. 


39. 


40. 
41. 


42. 


] = 280 cm 


or E= 5g07 X!T or 


Let R be resistance of the resistor. 
Resistance of the potentiometer wire 

= 100 x 0-025 = 2-5 Q 
Therefore, current through the potentiometer wire, 

26 
R+2-5 
Now, 1-018 = potential drop across 50-9 cm of potentio- 
meter wire 


2-56 

R+2°5 
_ 50-9 0-025 x 2-56 
. 1-018 


=50-9x0-:025x 


or R DOS ea P'S) 


= 0-7 Q 
Proceed as in problem no. 39. 
Let r be internal resistance of the cell. 
In first case : Current sent by the cell through 2 @ coil, 
e.m.f. Vd 


1 total resistance 2+r 


Potential drop acorss 2 Q coil, 


Wi =2x ae $ 
2+r-2+r 
Now, V, « 70cm 
or oc 7() MG 
2+r ©) 


In second case : Let R, be resistance of the parallel 
combination of 2 Q and 1 Q coils. Then, 
ars 2 X< Flat 2, 
Paid eV 
Current sent by the cell through R,,, 
i‘ e.m.f. be 2 
~ total resistance 2/3+r 


Potential drop across Ry 


I, 


2 2 4 
V. = RK Sea | = x = 
2. OE AS CREW er PNT, TOC We 
Now, V, «50cm 
a 2 adden ii) 
24+3r 


Dividing equation (7) by (ii), we have 
4 y 2+3r _ 70 

245 4 50 
Consider that a cell is connected across the points X and 
Y, so that current I enters at point A and leaves at point B. 


Due to symmetry, the distribution of current in various 
branches will be as shown in Fig. 2.93 : 


or r=05 Q 


LB 408 of El r BI 


Fig. 2.93 
Since current in branch DE is same as that in branch EC, 
it will remain so even when contract between branch DEC 


43. 


Fig. 2.94 
Therefore, resistance of the given network is same as that 
of the circuit as shown above. 


Now, resistance of branch AB, Rj =r+r=2r 
and resistance of branch ADCB, 
rx2r a 8r 
r+2r 3 
Since R, and R, are in parallel, resistance of the network 
between points X and Y, 
R,| Ry _ 2rx8r/3__ 8r 
R, +R>...2548743, 7 
Aliter. For closed part ADEA of the circuit : 
(-I)r+lLr-lr=0 
or I-21,+1,=0 (i) 
For closed part CDEC of the circuit : 
I,r+I,r-(-I,-I,)r=0 
or I-1,-31,=0 .. (ii) 
From equations (i) and (ii), by eliminating I,, we have 


R,=r+ 


R= 


h=s! Ait 
If R is resistance of the network, then 
Va-Vp=IR ...(iv) 
Also, Va-Vp=lr+lr 
or Va-Vp=2h,r .(V) 


From equations (iv) and (v), we have 
IR=2hr=2x<1xr 


or R= & r 

7 
By proceeding as in problem no. 42, it can be shown that 
the given network is equivalent to the circuit shown in 
Fig. 2.95': B r Cc 


Fig. 2.95 
As obtained earlier, 


: 8r 
resistance of branch ABCD, R, = oh 


resistance of branch AD, R, =2r 


and resistance of branch AFED, R3 = 5 


Since R,, R, and R, are in parallel, resistance of the network 
between points X and Y is given by 


44. 


46. 


The problem can also be solved by applying Kirchh 
laws as in problem no. 42. 

As discussed in problem no. 42, the resistance of g 
network will remain the same, if the contact betwee! 
branches AB and ADCEB is broken at point F. 
Resistance of the branch AB, R; =r+r=2r 
Resistance of the part CDFE of the branch ADCEB (v 
contact is broken at point F) is given by 


1 ee ee eee? 
R, taper eem y mye! 
Therefore, resistance of the branch ADCEB, 
Df 


R,=r+R trert¢etre 
P 2 2 


Hence, resistance of the given network between the pi 
X and Y, 

«iby eens ae 

R,+R, 2rt+5r/2. 9 

Rer _ Reo 
Rpg Roc 
no current will flow along path FO and hence FO ac 
an open path. For the same reason, OI also acts as an 
path. As such, the given network can be rearrange 
shown in Fig. 2.96 : 


E r F r G 


Tr I r 
Fig. 2.96 
Now, resistance of the branch EFG, R, =r+r=2r, 
resistance of the branch HIJ,R,=r+r=2r 
and resistance of the branch AOB, R,= r/2+7r/2=1 
The resistances R,, R, and R3 of these branches a 
parallel. Therefore, effective resistance of the netwo 
ee en en Mest re a 
Riis 2 oe? teal e i 


Suppose that a battery of e.m.f. E is connected a 
the points A and B of the incomplete cube as show 
Fig. 2.97 : 


Since 


R=0-5 Q 


122k ie 


- current 


s the paths ADCB and AHGB are of equal resistances, 


I 
3 will flow along each of the two paths. Suppose 


that at point D, a-part I, flows along the path DC. Then, 
the remaining part : I, will along the path DE. Ina 
similar manner, current equal to I, will flow along the path 
HG and ; =i, chee the path HE. The distribution of 


current in the other branches of the circuit will be as shown 
in the figure. If R is the resistance of the cube between the 
points A and B, then 

ghee E 


Reg (i) 
In the closed part ADCBA of the circuit : 
Sid = apilnyepi 
2 2 


or. =Ir+Lr ii) 
In the ae part EFGHE of the circuit : 


Petiapalleng Sag! xr+(F-1}r=0 


apresgar Abies 2 +(5- }-1 1+(5-h}= 


a p> aha hss 


5 
oe Substituting for I; in equation (ii), w we have 
E=Ir+ : Ir = ¥. Ir 
5 5 
E atin 
Rams h ips a 
or I 5 ..-(iil) 


47. 


From equations (i) and (iii), we have 
os 
R= 5 r 


Suppose that a battery of e.m.f. E is connected in AD. Let 
the distribution of currents in various branches of the 
circuit be as shown in Fig. 2.98 : 


Fig. 2.98 
Tt follows that Rag = Rac = Rep = Rp, = mn =0:5 Q 
if R is resistance of the network, “ee , 


Ree i) 


I 
In the closed part AODA of the circuit : 
1x 05+ (1-I,) x05+(1-1,) x05=E 
or 151 -051,-051,=E --(ii) 


48. 


49. 


1, x 05+ (1, -1,) x 05-(-1I,) x05 =0 
or 31,-L=!I ..-(iii) 
In the closed part BCOB of the circuit : 

_ 1,x05+(,-1,) x 05- - (I; - I) x 05 =0 
or, . I, -31,+1,=0 (12) 
In the closed part CODC of the circuit : ; 
I, x 0-5 - (I, —I,) x 0-5 - 1-1.) x 0-5 =0 
or 1,=31,-I .-.() 
Substituting for I, in equation (iii), we have 
31,-GIl,-D=I or =], 
Substituting for I, in equation (v), we have 
I,=31,-I 
Setting I, = 31, -I and I, =I, in equation (iv), we have 
,-3@G1,-D+1,=0 or 71,=31 


3 
or =) 
a7 
Setting 1,=1,= oI in equation (ii), we have 


3 3 
1:51-0-5 x ql x gisk 


aneays 
H 1 = 
or ary = vi 
From equations (i) and (vi), we have 
15 
=—Q 
. 14 


In the steady state, current can not flow ahiroitah the 
capacitor and hence the branch of the circuit containing 
capacitor can be considered as an open path. Likewise, the 
given network is equivalent to the circuit as shown in Fig. 
209% 


ee Sy NY, —n 
E,=1V 10Q 
Fig. 2.99 


Let I be current in the circuit. 
According to Kirchhoff’s second law, 
20x1+101=E,-E, or 301=25-1 
or I=005A 
Potential difference across C 
= terminal potential difference across E, (or E3) — E, 
Now, terminal potential difference across E; ~ 
=E,-1Ix 20 
= 2:55-0:05 x 20=15V 
Therefore, potential difference across C = 1-5-1-5=0 
In steady state, the capacitor behaves as an open path.. 
Now, V,=6V and Vc=0 
Since battery is connected across series combination of P 
and Lor 


MAT By BP ogent 
PS ACE 9 a 
or ya ae 
or 6-Vp=Vp-0 or  Vp=3V 


50. 


51. 


B2e 


10041" 


and §, 
Vira Vpn Rod 
Vp ASO HZ 
or 7(Vy-Vp)=3(Vp- Ve) 
or 7 (6-Vp) =3(Vp-0) or Vpj=42V 
Vp- Vg =42-3=12V 
(a) Charge stored in the capacitor, 
g=CWVp - Vp) =3 x 1:2 = 3-6 nC 
Energy stored in the capacitor, 


U=5C Wp - Vp)? =5 3x 10-6 x 1-27 


= 2-16 x 10° J 

(b) When Vz = Vp i.e. when bridge is balanced, no charge 
will be stored in the capacitor. The value of Q for balanced 
bridge is given by 

foe 

Op 
Suppose that the balance point is obtained at a distance I 
from the zero mark. Then, 

x l X I 


aa 10 100-1 


14 
Bios 
or 1@) 3 


R 100-1 

— 10T 

~ 100-1 
On increasing resistance by 12-5 Q: 
Since R has been increased, balancing length will decrease. 
Suppose that it becomes equal to 1’. 
Here, R’ = 10+ 12-5 = 22-5 Q and l’ =/-— 20 
XM wa X _ 1-20 
R’ 100- % 22-5 100-(=20) 

22-5 (1 — 20) 
"f ~~ DO 
From equations (i) and (ii), we have 
LOPS 2245 be ZU) ee 2520120) 
(120 —1) 0037 120-1 
On solving, we get 
1=60cm 
Substituting for / in equation (7), we have 
_ 10x60 
~ 100-66 

Suppose that the short circuit occurs in the telephone cable 
at a distance d. Then, 


length of cable, / = 2 d 
resistance of telephone cable, X = 2 d x 0-45 Q 


Q 
X=R= 
P 


P = 1110 Q, O= 100 Q and R = 400 Q 


2dX0Aee 
1110 


or d=40m 
Current through the potentiometer wire, 


Sai clan 
“4A54Rap 15-410 

Potential drop across wire AB = 0-08 x 10 = 0-8 V 

Potential drop per unit length of wire AB 


...(1) 


or 


Now, 


...(11) 


=15Q 


Now, 


Here, 


=0-:08A’ 


Let AJ be equal to /. 


53. 


54. 


V=!1x0-8 
Let I’ be the current sent by 1-5 V cell through the series 
combination of 1-2 Q and 0-3 Q resistors. Then, 


J ceed 
~1-2+0-3 | 
In the balanced state, 
V = potential drop across 0-3 Q resistor 


, 


=x 03=1x 0:3 
or  V=03 (Ti) 
From equations (i) and (ti), we have 
Ix 0-8 = 0:3 
or pe lecyardn = 37-5 cm 


The various components are connected as shown in Fig 
2.100 : 


E'=4V R’ 
l 
I 
R=108Q 20 
A B 
E=108 V 
Fig. 2.100 


Let R’ be the resistance of the variable resistor, whic 
makes deflection on the galvanometer equal to zero. 
Total resistance of the circuit = R’ +R + Rap 
=R’+108+2+R’+110 

Therefore, current through the circuit, 

oy 4 
R’+110 R’+110 
and potential difference across resistor R, 


ees 
R’ +110 
Since galvanometer does not show deflection, 
4x 108 
= See le! 
eit ey R’ +110 
or R= “ —110 = 400-110 = 290 2 


(a) Current through the potentiometer wire, 
I= 80 mA = 80 x 10° A 
The e.m.f. 4 V of the cell is balanced against 1000 cm of the 
potentiometer wire. Therefore, 
resistance of 1000 cm of wire, R’ = eee =50& 
80 x 10 
Hence, resistance of the whole length of potentiomete: 
wire, 
2 1200 : 2 
R= 1000 * ="3000 *1 00 = 60 
(b) When voltmeter is connected across the cell, it will draw 
some current. The terminal potential difference across the 
two poles of the cell is balanced against 980 cm length o: 
the potentiometer wire. Therefore, 


reading of voltmeter = ae" x 980 = 3-92 V 
1000 


(c) Let Ry be resistance of the voltmeter. Then, 


or 20= [Fe =1}Ry or 


me 3.01. THERMAL EFFECT OF CURRENTS 

In 1841, Joule experimentally showed the heating effect of the electric current. 
When electric current is passed through the element of a heater or an electric bulb, 
it becomes hot due to conversion of electrical energy into heat energy. 

When potential difference is applied across the two ends of a conductor, an 
electric field is set up across its ends. Under the effect of the electric field, the electrons 
get accelerated and move ina direction opposite to the direction of the electric field. 
As they move, they collide against the ions or atoms in the conductor and in this 
process, the electrons transfer their kinetic energy to the atoms. As a result, the 
average kinetic energy of the atoms increases and consequently the temperature of 
the conductor rises. It is termed as heating effect of the electric currents. 
fe 3.02. ELECTRIC POWER 

The rate at which work is done by the source of e.m.f. in maintaining the electric current 
in a circuit is called electric power of the circuit. 

If an amount of work W is done in maintaining electric current for a time f in 
the circuit, then electric power of the circuit, 

Ww 
P= ie ...(3.01) 

Consider a resistor of resistance R, across which a potential difference V is 
applied [Fig. 3.01]. According to Ohms law, the curient I flowing through the resistor 
is given by 

V=IR 

Suppose that the steady current I flows through the resistor for a time f. Then, 
total charge that crosses through the resistor is given by 

q=l|t 

If current* flows from end A to B, then potential of end A must be higher than 
that of B. Since potential difference across the conductor is V, the potential of end 
Ais higher than that of B by an amount V. From the definition of potential difference, 
it follows that if a unit charge is made to cross the resistor from the end B to A (from 
the end at lower potential to that at higher potential), work equal to V has to be done. 
Conversely, if a unit charge flows from end A to B, then energy equal to V will be 
consumed from the source of e.m.f. and it will appear as heat energy across the 
resistor. If current I flows for time ft i.e. charge equal to I ¢ crosses the resistor from 
the end A to B, then electrical energy dissipated is given by 

W=VIt .-.(3.02) 

If V is in volt, I in ampere and t in seconds, then energy dissipated will be in 
joule. 

From equations (3.01) and (3.02), we have 

P=VI ...(3.03) 

The SI unit of electric power is watt. 

1 watt=1volt x1 ampere or 1W=1Vx1A 

The electric power of a circuit or a device is said to be one watt, if one ampere of current 
flows through it, when a constant potential difference of one volt is applied across it. 

The bigger units of electric power are kilowatt (kW) and megawatt (MW). 

1 kW = 10° W and 1 MW = 10° W 

The power of electric circuit in kilowatt is given by 

P (in kW) = V (in volt) x I (in ampere) 


1000 


- Thermal Effects of Current 


Key point VY 


On passing current, heat is produced in a 
conductor due to transfer of energy from 
electrons (constituting the current) to the 
ions and atoms in the conductor. 


A R B 
1 
pois Mig > 
Fig. 3.01 


*Conventional current i.e. the current which flows from positive to negative pole of a battery. 
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becomes ; 
P=PR ...(3.04) 


Expression for electric power in terms of V and R. Since I= >, equation (3.03) 
becomes y2 
ae ...(3.05) 
me 3.03. ELECTRIC ENERGY 


The total work done (or energy supplied) by the source of e.m.f. in maintaining the 
electric current in the circuit for a given time is called electric energy consumed in the circuit. 

The equation (3.02) gives electric energy consumed in the circuit in time t. Since 
V I=P electric power of the circuit), equation (3.02) may be rewritten as 

W=Pt .-.(3.06) 

Le electric energy = electric power x time 

Thus, the total amount of electric energy consumed by an electric circuit 
depends upon its electric power and the time for which the power is used. 

The SI unit of electric energy is joule but another unit called watt hour is oftenly 
used. : 

1 watt hour = 1 watt x 1 hour 

The energy dissipated or consumed in an electric circuit is called one watt hour, if a 
device of electric power of one watt is used for one hour. 

The bigger unit of electric energy is kilowatt hour (kWh). It is also known as 
Board of Trade Unit (B.O.T,). 

The energy dissipated or consumed is called one kilowatt hour, if a device of power of 
one kilowatt is used for one hour. 

1 kilowait hour = 10° watt hour 


Since 1 kW = 10°J s-! and 1 hour = 60 x 60s, 
1 kWh = (10° J s~!) x (60 x 60s) 
or 1 kWh = 3-6 x 10° J | 


The electric energy consumed in kWh is given by : 
W (in kWh) = V (in volt) x I (in ampere) x ¢ (in hour) 


1000 
gam 3.04, JOULE’S LAWS OF HEATING EFFECT OF CURRENTS 


When a conductor having some resistance is connected to a source of e.m.f., a 
current flows through it. In fact, free electrons inside the conductor immediately 
start moving from the end at lower potential to the end at higher potential. This flow 
of electrons constitutes the electric current. In the course of their motion, the electrons 
collide against one another and also against the ions and atoms of the conductor. 
Due to such collisions, the conductor appears to offer some opposition to the motion 
of electrons i.e. to the flow of current. This opposition to the current is termed as 
resistance of the conductor. Apart from this, at each collision, a part of the kinetic 
energy of the electron gets converted into heat and the temperature of the conductor 
increases. It is known as heating effect of the current. The working of electric iron, 
electric bulb, electric heater, etc are a few examples of heating effects of current. 

In 1841, Joule experimentally studied the heating effect of electric current. He 
found that amount of heat produced in a conductor due to the flow of current is 

(i) directly proportional aie! square of the current i.e. 


Q« I ...(3.07) 
(ii) directly proportional to the resistance of the conductor i.e. 

Qe«R ...(3.08) 
(iii) directly proportional to the time for which the current is passed i.e. 

Qet ..(3.09) 
Combining factors (3.07), (3.08) and (3.09), we have 

Q«?Rt 

2 
Se = ef (3.10) 


where J is a conversion factor, called Joule’s mechanical equivalent of heat and its 
value is 4-18 J cal-!. The equation (3.10) is called mathematical form of Joule’s laws 
of heating. 


Self-test Questions 
What do kilowat 
represent ? — 


t'and kilowatt hour 


Kit aoe 
oe 


Ins 


ct en by 
Q=FRt ; 
gum 2-05. EFFICIENCY OF A SOURCE OF E.M.F. 


The efficiency of an electric source of e.m.f. is defined as the ratio of the output power 
to the input power. It is defined by n. 


output power 
Thus, _ Output power 


oat ty 


: LL) 
input power 
Consider that an electric source of e.m.f. E and having internal resistance r is 
connected to an external resistance R. Then, current flowing through the circuit, 


— EB 
Ray A colle key, 
Now, input power = EI 


The output power of the source is always less than the input power. It is 
because, the power is wasted in the form of heat developed across the internal 
resistance of the source. Thus, 


output power = EI—I*r 
Therefore, efficiency of the source of e.m.f., 
8 fp are ae 


EI E 
From equation (3.13), substituting for I, we have 
E r r 
N= eee | 
(R+r) E R+r 
R 
or ]) Se (3.14) 


R+r 
ge 2-06. MAXIMUM POWERTHEOREM 


It states that the output power of a source of e.m.f. is maximum, when the external 
resistance in the circuit is equal to the internal resistance of the source. 

Consider that a source of e.m.f. E and having internal resistance r is connected 
to an external resistance R as shown in Fig. 3.02. The current flowing through the 
circuit is given by 

ey walt 
R+r 

Therefore, output power (electric power dissipated across external resistance) 

of the source of e.m.f., 


2 2 
Poy Reon Rwielints (3.15) 
R+r (R+r) 
For the output power of the source to be maximum, 
dP en | oR | Flys Roy |ikig 
Re or 4| 25-0 or alee 
or “ [R(R+r)7]=0 or [1x (R+7r)24+R(-2)(R+N7] =0 
9 ne 2R 
or (R+r)*-2R(R+7n°=0 or 1- =0 
R+r 
or R=r »: (3x16) 


Hence, the output power of a source of e.m.f. is maximum, when the external 
resistance in the circuit is equal to the internal resistance of the source. 

Maximum output power. The expression for of maximum output power can 
be obtained by setting r = R in equation (3.15). Therefore, maximum output power, 


SRECR 
(R +R)? 


Z 
or pl -= 3.17) 


max 


Maximum power is consumed in a circuit, 
when external resistance in the circuit is 
equal to the intern.1 resistance of the 
sourceb of e.m_f. 


wmm3.07. APPLICATIONS OF HEATING 

The heating effect of electric current has a wide range of applications in 
everyday life. Different electric appliances have been designed by making use of 
heating effect of electric current. A few important applications of this phenomenon 
are as given below : 

1. Incandescent electric bulb. It consists of a filament of fine metallic wire 
enclosed ina glass blub filled with some inert gas at a suitable pressure. The material 
of the filament wire has a large value of resistivity and high melting point. Therefore, 
usually tungsten is used to make the filament of the bulb. When current is passed 
through the filament, it gets heated to the stage of incandescence. The electric power 
and voltage specification of the electric bulb are always marked over it. The following 
points should be noted about the electric bulbs (or electrical appliances in general) 
of different electric powers : 

(i) Since P= VIL, 

it follows that current drawn by an electric bulb is directly proportional to its power. 

ve 

(ii) Since P = — 

it follows that resistance of the filament of an electric bulb is inversely proportional 
to its power. 

2. Electric heating appliances. Electric heater, electric iron, electric immersion 
rod, electric geyser, electric stove, etc are some of the useful electric appliances, 
whose working is based on heating effect of electric current. In all such appliances, 
the heating element used is made of nichrome (an alloy of nickel and chromium). 
The heating element is made of nichrome for the following reasons : 

(i) Its resistivity is large. 

(ii) Its melting point is high. 
(iii) It does not get oxidised easily, when heated in air. 
(iv) It can be easily drawn into wires. 

3. Arc-lamp. In an arc lamp, light is produced by an electric arc bewteen two 
electrodes. The most common arc-lamp consists of two carbon electrodes separated 
by a small gap between them. When voltage is applied across the two electrodes, a 
spark jumps across the gap between the electrodes and a very intense light is emitted. 

~ 4, Electric fuse. It is a safety device used to protect electric installations against 
overloading. It is also used in electric appliances to save them from getting damaged 
due to flow of heavy current through them or to prevent electric shock due to live 
wire coming in contact with the metal casing of the appliance. In the household 
electric installation and the appliances, the safety fuse is put in series with the live 
wire from the mains supply. ; 

A safety fuse is basicaily a piece of wire having a suitable high resistivity and 
low melting point. The fuse wire is generally prepared from tin-lead alloy (63% tin 
and 37% lead). When current in the circuit grows to a large value, the fuse wire gets 
heated, melts and breaks the circuit. The fuse wire of suitable current rating is used 
in an electric circuit depending on the load in the circuit. 


The emission of light by a substance, 
when heated to a high temperature, is 
called incandescence. 


The filament of an electric bulb or the 
heating element of an electric appliance 
is made from a metal (or alloy) possessing 
large resistivity and high melting point. 


Watch out ! 


The load in an electric circuit implies the 
current drawn circuit from the supply line. 
When a current flows through the circuit 
beyond the safe value tor it, the current is 
said to be overloaded ! 


The safety fuse wire is made from a metal 
(or alloy) possessing larse resistivity and 
low melting point. 


SOLVED NUMERICAL PROBLEMS 


Type A. On Electric Power 
Problem 3.01. A lamp of 100 W works at 220 volt. What 
is its resistance and current capacity ? 


Sol. Here, charge on electron, e = 1-6 x 10-19 C 
Power of the lamp, P = 100 W ; 
operating voltage, V = 200 volt 


Sol. Here, power of lamp, P = 100 W ; Now, [ee All 

operating voltage, V = 220 volt oF 100 _ p54 
Now, P= I V 200 
Therefore, current capacity of the lamp, Charge passing through the lamp in 1s, 

P 100 ga=ilxt=0-5 x1. =0-5.C 
“Vy 220 ee Therefore, number of electrons moving through the 
ne f at v2 (220)? filament per second, 
ow, resistance of the Pn Bees ia = 4840 Nee ee Basen 

Problem 3.02. Calculate the number of electrons Ox 10 


moving per second through the filament of a lamp of 


Problem 3.03. A 60 W — 220 V bulb and 100 W — 220 V 


100 watt, operating at 200 volt. Given, charge on electron, 
e=16x 101°C. 


bulb are connected in parallel to mains supply. Which bulb 
will draw more current ? 


Ans. Here, P; = 60 W and P, = 100 W 
When the two bulbs are connected in parallel to the 
mains supply, the voltage across both of them is same. If I, 
_and I, are the currents through the two bulbs, then 
P,=VI, and P,=VI, 
aL 21 2 9:6 Viz 
I, Py 100 
Hence, 100 W bulb draws more current. 
Problem 3.04. A 60 W - 220 V bulb and 100 W - 220 
V bulb are connected in series to mains supply. (a) Which 
bulb will dissipate more power ? (b) Which bulb will glow 
brighter ? 
Sol. Here, P,; = 60 W and P, = 100 W 
(a) When the two bulbs are connected in series to the 
mains supply, the current through both of them will be same. 
If R, and R, are the resistances of the two bulbs, then 
Biel k, and) P, =i R, 


I,>], 


P. R 
t= 1 NG) 
Pp Ry 
pa te cater) 
V 
P, 60 P> 100 


Ry Vv 100 _ 5 
Re 6005720" 3 
From equations (i) and (ii), we have 
Pin 5 
De 3 te =P >P, 

Hence, when 60 Wand 100 W bulbs are connected in 
series to mains supply, 60 W bulb will dissipate more power. 

(b) Since 60'W bulb is dissipating more power, it glows 
brighter. 

Problem 3.05. An electric heater and an electric bulb 
are rated 500 W-220 V and 100:-W-220 V respectively. Both 
are connected in series to a 220 a.c. mains. Calculate the 
power consumed by (i) the heater and (ii) electric bulb. 

(GAB S-E31997) 

Ans. Power of electric heater, P, =500W; 

operating voltage, V, = 220 V 
power of electric bulb, P, = 100 W; 
operating voltage, V, = 220 V 


Let R, and R, be resistances of electric heater and bulb 
2 
respectively. Since P = = we have 


...(i1) 


2 2 
SRE ag 


1==— =96-8Q 
P; 500 
i 2 
and Ro = Nee = pect) = 4840 
P> 100 


When series combination of electric heater and bulb is 
connected to 220 V main, current in the circuit is given by 
I= Pt dined EF 2c 0-38 A 

Ry +R 2 96-8 + 484 
Now, power consumed by heater, 

P,’ =P R, = (0-38) x 96-8 = 13-98 W 
and power consumed by bulb, 

P,’ =F? R, = (0-38) x 484 = 69-89 W 
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Problem 3.06. A 100 W - 220 V bulb is connected to 
110 V source. Calculate the power consumed by the bulb. 
(P.S.S.C.E. 1999 ; Roorkee 1986) 
Sol. Here, P=100W; 
marked operating voltage, V = 200 V 
Therefore, resistance of the bulb, 
Bem bey #2: 
BP 100 
Actual operating voltage, V’ = 110 V 
Therefore, power consumed by the bulb, 
tev Oy 
R 484 
Problem 3.07. A voltage stabiliser controls the voltage 
output to 220 V + 1%. If a refrigerator rated at 550 W — 220 
V is connected to it, what will be the minimum and 
maximum power consumed by it ? 
Sol. Here, power of refrigerator, P = 550 W ; 
marked operating voltage, V = 220 V 
Therefore, resistance of the refrigerator, 
2 2 
i 550 
The refrigerator will consume maximum power, when 
supply voltage becomes 
V, = 220 V + 1% = 220+ 2-2 =222-2V 
WeViots (222,2)2 
88 
The refrigerator will consume minimum power, when 
supply voltage becomes 
V, = 220 V —- 1% = 220 - 2-2 = 217-8 V 
2 2 
Pig VE = 78D | sso 
Problem 3.08. An electric bulb marked 60 W - 220 V 
will get fused, if the electric power fed to it becomes 85 W 
or more. What voltage fluctuation can the bulb withstand. 
Sol. Here, P= 60 W ; V = 220 V 
Therefore, resistance of the bulb, 
Raw - (220) 


= 4840 


=25W 


= 88 


= 561 W 


Prax 


= 806-67 Q 


P 
Let V’be the supply voltage, corresponding to which the 
power fed to the bulb becomes 85 W..e. bulb gets fused. Then, 


12 
a -=85 or V’=/85R 


or V’ = /85 x 806-67 = 261-8 V 
Problem 3.09. A generator is supplying power toa 
factory by cables of resistance 20 Q. If the generator is gene- 
rating 50 kW power at 5000 volt, what is the power received 
by the factory ? (PS,S:G.E. 1996 S) 
Sol. Here, P=50 kW =50 x 10° W ; V =5000 volt 
Therefore, current supplied by the generator, 
pa P _ 50.x10° 
Vv 5000 
As this current flows through the cables of resistance 
20 Q, a part of power will be wasted in the form of heat 
energy developed across the cable. 
Power wasted across cable, 
P =I? R= (10)? x 20 = 2000 W =2 kW 


=10A 


nee 


Therefore, power received by the factory - 
=P-P’=50-2=48kW 
Problem. 3.10. Three resistors R,, R, and R, are 
connected as shown in Fig. 3.03. Each resistor can withstand 
a maximum power of 18 W (otherwise it will melt). What 
maximum power, the whole circuit can possess ? 


Rp=2 Q 


“Rg=2 Q 
Fig. 3.03 
Sol. Here, Rj = R, = R3=2 2 
Each of the three resistances can withstand a maximum 
power of 18 W. IfI___, is the value of maximum current, which 
can flow through the resistance without causing it to melt, 
then 


1 
igd=tis oor Te rs =3A 


Electric power of resistance Rj, 
P, = Vax x R, = @)2x2=18W 
The resistance of the parallel combination of R, and R3, 
# R> R3 We 22 = 
Rea Rap ee 
Therefore, electric power of the parallel combination of 
R, and R3, 


Res 12 


Pog = T29y X Ro3 = (3)? X1=9W 
Hence, the maximum power, the circuit can possess 


Type B. On Joule’s'héatihg etiect of currents 


Problem 3.11. A power line of resistance 0-5 Q carries 
a constant current of 100 A. How much energy is being lost 
per day in the form of heat in the line? (H.S.S.C.E. 2002) 
Sol. Here, R=0:5Q;1T=100A; 
t = 1 day = 24 x 60 x 60s 
The amount of heat lost per day in the power line 
Q=PRt= (100)? x 0-5 x 24 x 60 x 60 
= 4.32 x 198 J 
Problem 3.12. A 10 volt storage battery of negligible 
internal resistance is connected across a 50 Q resistor made 
of alloy manganin. How much heat energy is produced in 
the resistor in 1 h ? What is the source of this energy ? 


(Text Problem) 
Sol. Here, R=50 0; V=10 volt; t=1h= 3600s; 
Current in the circuit, I=a=— =0:2A 


Heat produced, W =I? Rt = (0-2)* x 50 x 3600 = 7200 J 
The source of the energy is the chemical energy stored 
in the battery. 
Problem 3.13. An electric bulb is marked 100 W — 200 
V. If the supply voltage drops to 100 V, what is the heat and 
light energy produced by the bulb in 10 minutes ? 
(SiS:6.E. 2002) 
Sol. Here, P = 100 W ; V = 200 volt 
Let R be resistance of the filament of the bulb. 
y) 
Now, electric power, P= V I= * 


77 aL 400 Q 
When the voltage drops to 100 volt, heat and light ene 
produced by the bulb in 10 minutes is given by 


Vai y(490)" 


Wal Meagcts x 10 x 60 = 15,06 


Problem 3.14. Three resistors R,, R, and R, 
connected to a battery of 12 V as shown in Fig. 3 
Calculate the heat produced in each of the three resis: 
in 5 minutes. 


v? _ (200)? 


Ry=3. 


Fig. 3.04 

Sol. Here, R; =3 Q, R, =6Q;R,=20; 

V =12 volt andt=5 mintues =5 x 60 =30( 
The resistance of parallel combination of R, and R, 
“< Ry Ro r 3x6 
sRait BG bid HO 
Total resistance of the circuit, 

R=R,+R3,=2+2=40 
Therefore, current through the circuit, 


fe eel 
R 4 


Let I, and I, be currents through resistances R, anc 
respectively. 


Ri = AG) 


Then, Iy Seb dg Pete 
Ry, +R 3+6 
IxR 3x3 

and 2= NPM i PAA my 
R, +R, 3+6 


Therefore, heat produced in resistance Rj, 
Q, = 1,7 R, t= (2)? x.3 x 300 = 3600 J 
Heat produced in resistance R,, 
Qo -adptR5 fs (1)? x 6 x 300 = 1800 J 
Heat produced in resistance R3, 
Q, =F R, t = (3)? x 2 x 300 = 5400 J 
Problem 3.15. An electric kettle has two coils. W 
one coil is switched on, it takes 5 mintues to boil water | 
when second coil is switched on, it takes 10 minutes. H 
long will it take to boil water, when both the coils are u 
in series ? (PS.S.CE 26 
Sol. Let R,; and R, be the resistances of the two coils: 
Q be the amount of heat required to boil the water in 
kettle. 
In first case : t, = 5 minutes = 5 x 60 = 300s 


2 2 
geet plinth 
Ry Ry 
2 
Ke Ry aoe 
Q 


v2 2 
Q=— ty =— x 600 
Rp 2 
2 
Sge pecan ii) 
Q 


Let t be the time taken to boil the water, when both the 
coils are used in series. Then, 

y2 
~ (Ry + Ro) 

From equation (i) and (ii), substituting for R, and R,, we 
have 


t or 1-2 eR, +R») 


on ,®) Q 

Problem 3.16. A thin metallic wire of resistance 100 

ohm is immersed in a calorimeter containing 250 g of water 

at 10°C and a current of 0- 5 ampere is passed through it for 

half an hour. If the water equivalent of calorimeter is 10 g, 

find the rise of the temperature. (ELS.S:C.E. 1995) 
Sol. Here, R= 100Q2;1=05A; 


t= tha) x 60x 60= 1800s 
2 z 


2 2 
t ee eta }=s00s=18 minutes 


Heat produced, Q = I? R t = (0-5)? x 100 x 1800 
=45 x 104J 
Water equivalent of calorimeter, w = 10 g = 10 x 10> kg 
Mass of water, m = 250 g = 250 x 10% kg 
Let @be rise in temperature. Since specific heat of water 
is 4-2 x 10°J kg“! °C-1, we have 
Q=(m+w)c@ 
af ae 
(m+w) xc 
e 4.5x104 yi 
(10 x 107° + 250 x 10°) 4-2 x 10° 
Problem 3.17. A house is fitted with 10 lamps rated 
100 W each, four fans each consuming 0-5 A, an electric 
kettle of resistance 100 Q and an electric iron of resistance 
121 . If the energy is supplied at 200 V and costs Rs. 2-50 
per kWh, calculate the bill for running the appliances for 
four hours in a day for the month of February, 2000. 
Sol. Power of 10 lamps (of 100 W each), 
10 x P= 10.x 100 = 1000 W 
Power of 4 fans (consuming 0-5 A), 
4x VI=4x 200 x 0-5 = 400 W 
Power of the100 Q electric kettle, 


or 


41-2°C 


2 2 
V__..290)" _ 400 w 
R 100 
Power of the 121 Q electric iron, 
2 2 
nar = (200) = 330-58 W 
Bj yd 21 


Total power of the appliances = 1000 + 400 + 400 + 330-58 
= 2130-58 W = 2:13058 kW 
Number of days in February, 2000 = 29 


“ 


month of February, 2000, = 29 x 4=116h 
Total electrical energy consumed 
= power x time = 2-13058 x 116 = 247-15 kWh 
Cost of electrical energy = Rs. 2:50 per kWh 
Therefore, bill for February, 2000 = 247-15 x 2-50 
= Rs. 617-90 
Problem 3.18. Following electric items are used in a 


What will be the electric bill of the house for two 
months (each month of 30 days), if the rate of power is 


Rs. 1-35 per unit ? (H.S.S.C.E. 1994) 
Sol. Electric energy consumed by T.V. per day 
= 60 x 10° x 2=0-12 kWh 
Electric energy consumed by fridge per day 
= 60 x 109 x 24 = 1-44 kWh 
Electric energy consumed by 3 tubes per day 
=3 x 40 x 10° x 4=0-48 kWh 
Electric energy consumed by 2 bulbs per day 
=2 x 60x 10 x 2=0-24kWh 
Electric energy consumed by press per day 
= 600 x 1079 xs =0-30 kWh 
Total electric energy consumed by all electricals per day 
= 0-12 + 1-44 + 0-48 + 0-24 + 0-30 = 2:58 kWh 
Electric energy consumed in two months (each month 
of 30 days) =2 x 30 x 2-58 = 154-8 kWh 
Cost of electrical energy = Rs. 2:70 per kWh 
Therefore, electric bill for 2 months 
= 1:35 x 154-8 = Rs. 417-96 
Problem 3.19. An electric power station (100 MW) 
transmits power to a distant load through long and thin 
cables. Which of the two modes of transmission would 
result in lesser power wastage, power transmission at (i) 
20,000 V or (ii) 200 V ? (Text Problem) 
Sol. Let R be the resistance of the cables. 
Here, P = 100 MW = 100 x 10°W 
When transmission is done at V, = 20,000 V: If I, is the 
current through the cables, then 
Bigteee TON Sp 
* Ve 4 (20,000 
Therefore, rate of heat dissipation along the cable at 
20,000 V, 
, Q, = 1,7 R= (6000)? R= 25 x 10° R watt 
When transmission is done at V, = 200 V: If I, is the 
current through the cables, then 


_ 100 x 10° 
x $3 200 


= 5000 A 


I, =5x10° A 


Therefore, rateofheat dined ationalongthecableat200V, 
Q, =1,7R=( x 10°)? R = 25 x 101° R watt 
Hence, there would be lesser power wastage, when 

transmission is done at 20,000 V. 
Problem 3.20. Two ribbons are given with the follo- 
wing particulars : 


For a fixed voltage supply, which of the two ribbons 
corresponds to a greater rate of heat production ? 
(Text Problem) 


Sol. For constantan ribbon : 
Resistivity, p, = 4-9 x 107 7Qm; length, I, = 8-456 m ; 
width, b, = 1-0 mm ; thickness, f, = 0-03 mm 
Therefore, area, A, = b, x ty 
- 1.0 x 0-03 = ‘0.03 mm? = 0-03 x 10° m2 


Ly _ 4:9x1077 x 8-456 


Now, R,; =p 
"AL 0-03x 107 
= 138-115Q 
If V is fixed supply voltage, then rate of heat production, 
Ve 2 
Vv 
Mes os me 6) 
R, 138-115 


—— ei AbC TECHIE STUFF - 


Probl 3.22. A series battery of 6 lead accumulators 
each of e.m.f. 2-0 volt and internal resistance 0-50 Q is 
charged by a 100 V d.c. supply. What series resistance 
should be used in the charging circuit in order to limit the 
current to 8-0 A ? Using the required resistor, obtain (a) the 
power supplied by the d.c. source, (b) the power dissipated 
as heat, (c) the power supplied by the d.c. energy stored in 
the battery in 15 minutes. (Text Problem) 
Sol. For charging the lead accumulators, their positive 
terminal have to be connected to positive terminal of d.c. 
supply. Therefore, e.m.f. of the six lead accumulators will 
oppose the 100 d.c. supply used for charging them. 
Hence, net e.m.f. in the circuit = 100 —6 x 2-0 = 88 volt 
Let R be the series resistance that should be used to limit 
the current to 8-0 A. Therefore, 
total resistance of the charging circuit 
= R + internal resistance of the six lead accumulators 
=R+6x050=R+3 


Now, I= __nete.mf. or 8= 88 
total resistance R+3 
or R=8Q 


(a) Power supplied by d.c. source 
=e.m.f. of source x current supplied 
= 100 x 8-0 = 800 W 
(b) Power dissipated as heat 
= |? (R + internal resistance of the accumulators) 
= (8-0)? x (8 + 6 x 0-50) = 64 x 11 = 704 W 


For mae aie & ©urious Students 


Resistivity, psa rc va oe 1, = 4295. 
width, b, = 2-0 mm; thickness, ¢, = 0-06 mm 
A, = by x ty = 2-0 x 0-06 
= 0-12 mm? = 0-12 x 10° m2 


Ty _ 1-110 x 4-235" 


R= P2 A o42x10% 
= 38-8210 
Therefore, rate of heat production, 
Vion oe 
Ry 38-821 


From equations (i) and (ii), it follows that for a f 
supply voltage, nichrome ribbon corresponds to greater 
of heat production. 

Problem 3.21. An electric motor operating on a 50 V 
supply draws a current of 12 A. If the efficiency of the m 
is 30%, estimate the resistance of the windings of the m: 

(P.S.S.C.E. 1992 ; Text Prok 

Sol. Here, V=50volt; 1=12A 

Therefore, power of the electric motor 

=VxI=50x 12=600 W 

Since efficiency of the motor is 30%, it dissipates 70 
the power across the resistance of the windings of the m 

Therefore, power dissipated = 600 x = = 420 W 


If R is resistance of the windings of the motor, thet 


PR=420 or pa ore Pe) eet 0 


12 (12° 


(c) Power stored in the battery (lead accumulators 
= 800 — 704 = 96 W Me 
Therefore, energy stored in the battery in 15 minut 
=96x 15x60 =86400J 
Problem 3.23. Power from a 64 V d.c. supply gos 
charge a battery of 8 lead accumulators each of e. 
2-0 V and internal resistance 1/8 Q. The charging cur 
also runs an electric motor placed in series with the bat 
If the resistance of the windings of the motors is 7-0 Q 
the steady supply current is 3-5 A, obtain (a) the me 
nical energy yielded by the motor and (b) the chem 
energy stored in the battery during charging in 1h. 
(Text Prob 
Sol. Here, e.m.f. of d.c. supply = 
e.m.f. of each of the 8 lead accumulators = 2-0 V 
Total e.m.f. of 8 accumulators = 2:0 x 8 = 16-0 V 


1 
Internal resistance of each lead accumulator = 3 Q 


Total internal resistance, r= 2 x8=1-002 


Resistance of the windings of the motor, R = 7-0 Q 
Steady current in the circuit, 1=3-5 A 
Rate of consumption of energy in the circuit 


= 64 x 3-5 =224W 
Rate of storing chemical energy in the battery 
= 16 x 3-5=56 W ° 


Rate of mechanical energy yielded by motor 
= 224—(56 + 98)=70W 
(a) Mechanical energy yielded by motor in 1h 
= 70 x 3600 = 252000 J 
(b) Chemical energy stored in the battery during 
charging in 1h 
= 56 x 3600 = 201600 J 
Problem 3.24. A battery of internal resistance r (= 4Q) 
et is connected to the network of resistanes as shown in 
1g. 3.05. What must be the value of R, so that maximum 
power is delivered to the network ? What is the maximum 


power ? . (LL.T. 1995) 
A R B 2R 
Bas) 
6R R 
4R 
T=4.Q Cc 


Fig. 3.05 
Sol. The given network is equivalent to the circuit shown 
in Fig. 3.06. 


A R B 2R 


Fig. 3.06 
____ It follows that the circuit represents a Wheatstone bridge, 
where 
Further, resistance in arm AB (P arm) = R 
*. resistance in arm BC (Q arm) = 2 R, 
resistance in arm AD (R arm) =2R 
and resistance in arm DC (S arm) =4R 
- Further, as aE = =, it is a balanced Wheatstone bridge. 


Since the resistance 6 R connected across the points B and D 
is ineffective, the circuit shown in Fig. 3.06 is equivalent to 
the circuit shown in Fig. 3.07. 


Fig. 3.07 
Therefore, effective resistance of path ABC, 
R,=R+2R=3R 
and effective resistance of path ADC, 
R,=2R+4R=6R 


RyY+Rs  3R+6R 
If Eis e.m.f. of the battery, then current in the main 
circuit, 
Ws EM cE 
Ry aris to 2R+4 
Therefore, electric power of the network of resistances, 


2 
E i 

eh ph ee 2R a 
“ Lea as @) 


According to maximum power theorem, maximum 
power will be delivered to the network, when 

resistance of network = internal resistance of battery 

Le.when Ry=r or 2R=4 

or K-2.@ 

Setting R = 2 Q in equation (i), we have 

maximum power of the network, 


I 


BV E? 
Prax =| = | X2K2=——= 
aM See) 16 


Problem 3.25. A 24 V battery of internal resistance 4 

e Q is connected to a variable resistor. At what value of 

current drawn from the battery is the rate of heat 
produced in the resistor maximum ? (Text Problem) 

Sol. Here, e.m.f. of battery = 24 V ; 

internal resistance, r = 4 Q 

Let R be the resistance of the variable resistor, at which 
rate of heat produced (power) is maximum. 

Then, total resistance in the circuit = R+r=R+4 

Therefore, current drawn from the battery 


e.m.f. 24 


~ total resistance R+4 
Therefore, rate at which heat is produced, 


: 
p-PR-| 2.) R 


+4 


For rate of heat produced to be maximum, ne 0 
2 
or d=}. 24 OO NH 
dR|\R+4 
or = [576 R(R+ 4)? ah 
dR 
d note 
or eR Rt) |=0 
or R(-2)(R+4)°+(R+4) 2=0 
2R(R+4)14+1=0° or wii =1 
Ww a R+4 
R=4Q 


Therefore, the required value of the current drawn from 
the battery, 
a AA 
R+4 4+4 
It may be noted that the rate of heat produced is 
maximum, when external resistance is equal to internal 
resistance of the battery. 


Q. 3.01. How is energy related to electric power ? 
Ans. Electric energy = electric power x time 
Q. 3.02. What is practical unit of electric energy ? 
Ans. The practical unit of electric energy is kilowatt hour 
(kWh). 
Q. 3.03. What is B.O.T ? Convert it into joule. 
(H.S.S.C.E. 1996) 
Ans. B.O.T. (Board Of Trade unit) is unit of electric 
power. It is also called kilowatt hour (kWh). 
Now, 1B.0.T. = 1kWh=1kW x 1 hour 
= (10° Js!) x 3600 s = 3-6 x 10° J 
Q. 3.04. Calculate the number of joule in 1 kWh. 
(H.PS.S.C.E, 1999 7-5. 5.Ciey 1996) 
Ans. 1kWh=1kW x 1 hour =(10°Js7!) x 3600s 
=3-6 x 10°J 
Q. 3.05. How many kilowatt hours (kWh) are there in 


one joule ? C.B.o-bo L999 5) 
Ans. From VSQ 3.04, it follows that 
114 apieadese 2 kWh 
3-6x10 


Q. 3.06. Distinguish between kilowatt and kilowatt 
hour. 

Ans. Kilowatt is unit of electric power, while kilowatt 
hour is unit of electric energy. 

Q. 3.07. Which consumes more electric energy in a 
given time — a 1000 watt heater or a 1000 watt bulb ? 

Ans. Both consume same amount of electric energy in 
a given time. 

Q. 3.08. Calculate the current through a lamp of 60 W, 
operating at 220 V. CLP SSC .bs Loge) 

Ans. Here, P = 60 W ; V = 220 volt 


Now, [=— =0-273A 
Q. 3.09. What is the resistance of 1 kW heater marked 


for 220 V ? (H.P.S.S.C.E. 1999 S ; H.S.S.C.E. 1998) 
Ans. Here, P = 1 kW = 1000 W ; V = 220 volt 
2 2 
Now oh te he = 48-4Q 
RP 1000 


Q. 3.10 Which has a greater resistance—1 kW electric 
heater or a 100 W filament bulb both marked for 220 V ? 
(C.B.S.E. 2001 S) 
2 
Ans. Now, P=—— __ or = hai 
R P 
Here, power of electric heater, P,; = 1 kW = 1000 W ; 
power of bulb = 100 W 


_ (220)? 


Therefore, resistance of heater, R,= 7000 = 48-40 


2207 
and resistance of bulb, Ry = ——— = 484 Q 
100 


Hence, the 100 W bulb has more resistance than the 
electric heater. 


‘ With Answers /Hints 
Q. 3.11. Which lamp has greater resistance, a 100 W and 
60 W lamp when connected to the same source of supply ? 
(QB:S#: -1999\S,, 1998 ; H:S.S:C.E.d99KS ; 
H,$:5,.C-Egg992) 


ip 
Ans. Now, R= > 
Therefore, resistance of 100 W bulb, 
_ (220)? 


R, = 484.0 
100 
(220) 


= 806-67 Q 


Thus, the 60 W bulb has greater resistance. 

Q. 3.12. Two heating coils, one of fine wire and other 
of thick wire, made of same material and of the same length, 
are connected one by one to a source of electricity. Which 
one of the two coils will produce heat at a greater rate ? 

(C.B.S.E. 1999 S) 


and resistance of 60 W bulb, R, = 


1 
Ans. Since R « 7% the heating coil made of thick wire 


possesses lesser resistance. 
| v? 1 
As P= RR ie, Px R’ heat will be produced at a greater 


rate in the coil of lesser resistance i.e. in the coil made of thick 
wire. 
Q. 3.13. The maximum power dissipated in a 10,000 
Q resistor is 1 W. What is the maximum current ? 
(LS.C.E. 1993) 
Ans. Here, P,,,., = 1W; R= 10,000 Q 


Now, P 


max — 


2 

i 

[P 1 
L,, =.{—m= = .|——— =0-01A 
aed R 10000 


Q. 3.14. How much charge flows through a 250 V —1000 
W heater in one minute ? CES:GiES 1996) 
Ans. Here, P = 1000 W ; V = 250 volt ; 
t=1minute=60s e- 
P1000 _ 44 
V 250 


Therefore, charge flowing in 1 minute, 
qg=1t=4x60=240C 
Q. 3.15. What is the largest voltage you can safely put 
across a 98 Q — 0-5 W resistor ? KLS.C.E. 1997) 
Ans. Here, P=0-5W;R=98Q 
2 
Be 
R 
V=PR=0-5x9-8=7V 
Q. 3.16. A current of 5-0 A flows through an electric 
press of resistance 11 Q. Calculate the energy consumed by 
the press in 5 minutes. (C.B.S.E. 1994) 
Ans. Here, 1=5-0;R=11Q; 
t =5 minutes = 5 x 60 = 300s 
Electric energy consumed in 5 minutes 
= Rt= (5-0)? x 11 x 300 = 8-25 x 10 J 


Now, 


Now, 


; P 
ieaeh them. Why does the nichrome wire get heated first? 
(C.B.S.E. 2001 S) 
Ans. The nichrome and copper wires are of same length 
and same radius but the resistivity of nichrome is large as 
compared to that of copper. Due to this, the resistance of 
nichrome wire is very large in comparison to that of copper 
wire. When two wires are connected in series, the same 
amount of current flows through each of them. Since heat 
produced in a wire is directly proportional to its resistance, 

nichrome wire gets heated first. 

Q. 3.18. Three bulbs 40 W, 60 W and 100 W are connec- 
ted to 220 V mains. Which bulb will glow brightly, if they 
are joined in series ? (H.P.S.S.C.E. 2001) 


2 
Sol. From the relation, R = a , it follows that resistance 


of 40 W bulb will be maximum. When the bulbs are connected 
in series, the same amount current flows through all the bulbs. 
Since heat produced and hence brightness of a bulb is directly 
proportional to the resistance of its filament, 40 W bulb will 
glow brightly. 

Q. 3.19. A heater joined in series with 60 W bulb is 
connected to the mains. If 60 W bulb is replaced by a 100 


Q. 3.01. Define the terms electric energy and electric 


power. Give their units. (H.5:5.€.E: 1992) 
_ Ans. For definition of electric energy and electric power, 
refer to sections 3.03 and 3.02. 

The unit of electric energy is kilowatt hour pad that of 
electric power is kilowatt. 

Q. 3.02. Explain, why heat is produced ina tose 
when an electric current is passed through it. 

Ans. The flow of electric current through a conductor 
means the flow of electrons through it. In the course of their 
motion, the electrons collide against one another and also 
against the atoms of the conductor. At each collision, a part 
of kinetic energy of the electron gets converted into heat, 
thereby causing a rise in the temperature of the conductor. 

Q. 3.03. State Joule’s heating law. (H.P.S.S.C.E. 2001) 

Ans. Refer to section 3.04. 

Q. 304. State and explain Joule’s law for the rate of 
production of heat in a conductor carrying current. 

(H.S.S.C.E. 2002) 

Ans. Refer to section 3.04. 

Q. 3.05. A given potential difference is applied to a 
- good conductor and a bad conductor of same dimension. 
Which one shall produce more heat and why ? 

Ans. If a good conductor and a bad conductor have same 
dimensions, then resistance of the good conductor will be less 
than that of the bad conductor. When a given potential 
difference is applied to each of them, current in case of 
conductor will be more. Since heat produced Q « I’, it 
follows that heat produced in case of good conductor will 
be more. 


more, 

Sol. The resistance of 100 W bulb is hs than that of 60 
W bulb. Therefore, when 60 W bulb is replaced by 100 W bulb, 
the current through the circuit will increase. As a result, heater 
will produce more heat, when 60 W bulb is replaced by 100 
W bulb. 

Q. 3.20. What are the characteristics of a fuse wire ? 

Ans. A fuse wire is made of a material having high 
resistivity and low melting point. However, the value of its 
melting point is slightly above the temperature that the wire 
attains, when the current equal to maximum safe value flows 
through the fuse wire. 

Q. 3.21. What is a safety fuse ? Explain its function. 

LPSES CEN IO9S) 

Ans. Refer to section 3.07. 

Q. 3.22. What are the characteristics of the filament of 
a heater ? 

Ans. The material of the filament of a heater has high 
resistivity and high melting point. 

Q. 3.23. Name a few practical applications of heating 
effect of current. 

Ans. The appliances, such as (i) electric lamp, (ii) electric 
heater, (iii) electric iron, (iv) electric geyser, (v) safety fuse, etc 
are based on heating effect of current. 


With Answers/Hints ~ 


Q. 3.06. Two resistors of 2 Q and 4 Q are connected in 
parallel to a constant d.c. voltage. In which resistor is more 
heat produced ? (C135. 1993 S) 

Ans. Here, R, =20;R,=4Q0 

Let V be the applied d.c. voltage. When the two resistors 
are connected in parallel to the d.c. supply of voltage V, the 
potential difference across both the resistances will be same 
i.e. V. If H; and H, are heat produced in the two resistors in 
1s, then 


H) Ry v2 Rj 2 

Therefore, heat produced in 2 Q resistance will be more. 

Q. 3.07. A 6 V storage battery of negligible internal 
resistance is connected across a 60 Q resistor. How much 
heat is produced in the resistor in 2 hours ? What is the 
source of energy ? (H.S.S.C.E. 2002, 1996) 

Ans. Here, V = 6 volt; R=60 Q;t=2h=7200s 

Heat energy produced in 1h 

2 2 
aM batts 3 12% 7200 = 4320 J 
R 60 

The source of heat energy is the chemical energy stored 
in the storage battery. 

Q. 3.08. A heater coil is cut into two parts and only one 
of them is used in the heater. What is the ratio of the heat 
produced by this half coil to that by the original coil ? 

Ans. Suppose that the resistance of the heater coil is R 
and it is used on a supply line of V volt. 


- 


The resistance of the one half of the coil = 5 
Heat energy produced by the half coil, 


2 72 
2 
efe e t = ——_ bi t 
R/2 R 
2 2 
Oa ee t eb cbo 
CO). bane R 


Q. 3.09. Three equal resistors connected in series 
across a source of e.m.f. together dissipate 10 W of power. 
What would be the power dissipated, if the same resistors 
are connected in parallel across the same source of e.m.f. ? 

Ans. Let the e.m.f. of the source be V and the resistance 
of each resistor be R. 

Resistance of the three resistors in series = 3 R 

As power consumed by the three resistors in series is 10 
W, we have 


2 
ey) 
3R 
v2 
Babes er 7) ...(i) 
or R 


; F R 
Resistance of the three resistors in parallel = 3 


Therefore, power consumed by parallel combination of 
2 2 
the resistors, P = ete 
Rien Ro 
Using equation (i), we have 
P=3x30=90W 
Q. 3.10. In a house having 220 V-line, the following 
appliances are operating : a 60 W bulb, a 1000 W heater 
and a 40 W radio. Calculate (a) the current drawn by 
heater and (b) the current passing through fuse for this line. 
(M.N.R. 1989) 
Ans. Here, V = 220 volt 
Power rating of bulb, P, = 60 W; 
power rating of heater, P, = 1000 W ; 
power rating of radio, P; = 40 W 


(a) Current drawn by heater = at Eo A 


220 «11 
Current drawn by bulb = — = gi. a ma 
a ~ 220 ae 
Current drawn by radio = et = 40" = 2 
Vie 2200 sae 
(b) Current passing through fuse for the line 
= 50 + Ise + 2 =5A 
oy Af Ey I 


Q. 3.11. A toaster produces more heat than a light 
bulb, when connected in parallel. Which has greater 
resistance ? (C.B.S.E. 1999 S) 

Ans. Let R, and R, be resistances of the toaster and the 
light bulb respectively. If V is the voltage applied across their 
parallel combination, then 
2: 
heat produced per second in toaster, P, = - 

| 1 


and heat produced per second in light bulb, Py =— 


R2 
Since toaster produces more heat than the light bulb, 
P,>P, 
2 Z 
Ee. dat oy hd or R,<R, 
R,; Rg 


i.e. the resistance of the light bulb is more than that of the 
toaster. 

Q. 3.12. Find the cost of electricity for running an 
electric motor of 1 h.p. for'5 hours a day @ Rs. 1-50 per unit 
for the month of November. (H.S.S.C.E. 1995) 

Ans. Here, power of electric motor, 

P=1 hp. = 746 W = 0-746 kw 

Number of hours for which motor is run 

= 5X30 3 150'h 

Electrical energy consumed by the motor 

= 0-746 x 150 = 111-9 kWh 

Cost of running the motor = 111-9 x 1-50 = Rs. 167-85 

Q. 3.13. The element of a heater is very hot, while the 
connecting wires carrying the current are cold. Why ? 

Ans. The same current passes through the element of the 
heater and the connecting wires. The element of the heater 
becomes very hot as its resistance is very sod as compared 
to that of the connecting wires. 

Q. 3.14. Explain why an electric bulb becomes dim, 
when an electric heater in parallel circuit is switched on. 
Why dimness decreases after some time ?. ; 

Ans. The electric power of a heater is more than that of 
a bulb. Since power of an appliance is inversely proportional 


‘ 1 jhe . a ie Co 
to its resistance (P oc x} the resistance of heater is less {han 


that of the electric bulb. . 

When the heater connected in naxeilal to ai bulb is, 
switched on, it draws more current in the circuit due to its 
lesser resistance. As a result, current through the electric bulb 
decreases and it becomes dim. ee ae Sve 

When the heater coil becomes sufficently hot, its 
resistance becomes more and then it draws.a little lesser 
current. As a result of it, the current through the electric bulb 
recovers. It is for this reason that after some time, the 
dimness of the bulb decreases. 

Q. 3.15. Water boils in an electric kettle in time t, after 
it has been switched on. Using the same main supply, it is 
desired to make water boil ina lesser time. Should the 
length of the heating element be increased or decreased ? 

Ans. Let I, Aand pbe the length, area of cross-section 
and resistivity of the material of the heating element. Then, 
its resistance is given by 


l 
R=p* 
ae 
If V is the supply voltage, then heat required to boil the 


water in kettle, 


6 Mat aNd 
"ARI te pd 
2 
or pak ad or lat 
Qp 


gth of the ane ene should be Becresscd: 
Q. 3.16. What is the difference between heating wire 
nd a fuse wire ? (H.S.S.C.E. 2001) 
Ans. A heating wire is made of a material having high 
alues of both resisitivity and melting point. The high value 
f resistivity ensures the production of a large amount of heat, 


Q. 3.01. Prove that total power consumed by anumber 
of electrical appliances (when connected in parallel) 
; equal to the sum of the powers consumed by individual 
ppliances. 

Ans. Consider three electrical appliances of powers 
P, and P3. Let R,, R, and R, be their respective resistances. 
ince appliances are connected in parallel, their total 
esistance is given by 


a a ee 5) 


Suppose that the appliances are age. at the voltage 
. Multiplying both sides of equation (i) by V2, we have 


Wigs Wi 3 Viel (Vin 


or P=P,+P,+P, 
Hence, total power consumed by the three appliances is 
qual to the sum of the powers of the individual appliances. 
Q. 3.02. A frill of 50 bulbs joined in series is connected 
to mains. On getting one bulb fused, the remaining 
ulbs are again put in series and connected to the same 
aain supply. Will the light emitted by the frill increase or 
lecrease ? 
Ans. Let R be the resistance of the 50 bulbs, when joined 
1 series.» 
y2 
‘Therefore, power of the frill of 50 bulbs, P = re 


yhere V is the voltage of mains supply. 
When one bulb gets fused, the resistance of remaining 
9 bulbs of the frill will decrease. Suppose that it becomes R’. 
ns 2 
Therefore, power of the frill of 49 bulbs, P’ = Min F 
Vi aia 
Since R’ <R, it follows that —-- > —_. Hence, the light 


mitted by the frill of 49 bulbs will be more. 
Q. 3.03. The maximum power rating of a30Q resistor 
i 2-0 kW. (That is, this is the maximum power the 
stor can dissipate as heat without melting or changing 
n some other undesirable way). Would you connect this 
esistor directly across a 300 V d.c. source of negligible 
nternal resistance ? Explain your answer. 
(H.S.S.C.E. 1997 S ; Text Question) 
Ans. Here, R = 30 Q; 
Power rating of resistor P = 2-0 kW 
If the resistor is connected to 300 V d.c., then 
rate of dissipation of heat, 
2 2 
Pen = 2. _ 3000 W.=3-0 kW 
R 30 


whereas the high value of melting point saves it from melting. 
On the other hand, a fuse wire is made of a material 
having a suitable high resisitivity but low melting point. 
When the current in electric circuit exceeds a safe limit, the 
high value of resistivity results in the production of heat and 
the low value of melting point causes it to melt. It, thus, saves 
the electrical appliances from gettting damaged. 


mous, culious 
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Since power rating of the resistor is 2-0 kW, it will melt 
out. Hence, it should not be connected to the 300 V d.c. 
directly. 

Q. 3.04. A current is passed through a steel wire, 
‘ot heating it to red hot. The half of the wire is immersed 
in cold water. Which half of the wire will heat up more and 
why ? 

Ans. The part of the steel wire outside the cold water will 
heat up more. The reason is that the temperature of the part 
of the wire outside the water will be more than that of the part 
inside the water. Since resistance of the wire increases with 
temperature, the resistance of the part of the wire outside the 
water will become more than that of the part inside the water. 
Since same current is flowing through the two parts, more 
heat will be produced in the part outside the water. 

Q. 3.05. A 60 W electric bulb connected (a) in series 

(b) in parallel with a room heater is further 
connected across the mains. If 60 W bulb is now replaced 
by 100 W bulb in each case, will the heat produced by 
heater be smaller, remain the same or be larger and why ? 

(C.B.S.E. Sample Q. Paper) 

Ans. Let V be mains supply voltage and R be the 

resistance of room heater. 


2 2 
Resistance of 60 W bulb, R; = ME. ec Ms 
P2160 

- y2 y2 


Resistance of 100 W bulb, R, = — =—— 
P 100 
Obviously, R, is less than R,. 
(a) When bulb is connected in series with the room 
heater : 
Current flowing through heater and 60 W bulb, 


Vv 
Il, = 
R+R, 
Current flowing through heater and 100 W bulb, 
I> os ¥ 
R+ R» 


Now heat produced is directly proportional to square 
of the current flowing through the heater. Since R, is less than 
R,, I, will be greater than I, and consequently heat produced 
by the heater will be more, when 60 W bulb connected in 
series is replaced by 100 W bulb. 

(b) When bulb is connected in parallel with the room 
heater: When bulb and heater are connected in parallel to the 
mains, the potential difference across each is equal to the 
mains supply voltage. Therefore, current and consequently 
heat produced by the heater will remain unchanged on 
replacing 60 W bulb by 100 W bulb. 

Q. 3.06. A storage battery of e.m.f. E is shorted by an 
( external circuit first with a resistance R, and then with 


the battery, if the quantities of heat liberate 
in the two cases are same. 

Ans. Let r be internal resistance of the battery. 

Heat produced in time t, when shorted with the 


resistance Rj, 
2 
E 
= R,t i 
Qi [e.) 1 ssf’) 


Also, heat produced in time t, when shorted with the 


resistance R,, 
2 
E 
= R t oo 
Q> e . ) Z ..(ii) 


Since same quantity of heat is produced in two cases, 


E a E & 
era Res 
R, +r Ry +r 


or R,(R,+n7=R,(R, +7? or r= /R,R2 

Q. 3.08. A steel wire has a resistance twice as great as 
ae a copper wire. Which wire will liberate more heat : 

in parallel ; (b) in series, when the combination is 

connected to a battery ? 

Ans. Let 2 R and R be the resistances of the steel and 
copper wires respectively. 

(a) When the two wires are connected in parallel : Let 
I, and I, be currents through the steel and copper wires 
respectively [Fig. 3.08]. 


E 
I IL, 2R 
I, 
Fig. 3.08 
E E 
Then, I; =— and I, =— 
en eS site 
Heat produced in steel wire in time t, 
= 2 
E E 
=1,7(2R)t=|——]| (2R)t=— 
Q-17@R1-(2) amie 
Heat produced in copper wire in time t, 
2 2 
E E 
=I)? Rt= | Rt=—t 
Qo =d, e “4 


As Q, > Q;, copper wire will liberate more heat. 
(b) When two wires are connected in series : Let Ibe the 
current flowing through the series combination of the two 


wires [Fig. 3.09]. é 


2R R 


Fig. 3.09 


eg: te is 


Heat produced in steel wire in time f, 
2 2 
E 2E 
= 2R)t=|—]| 2R)t==—t 
i ae (| wai a 


Heat produced in copper wire in time t, 


2 2 
2 E 1E 
Qo =F'Rt ; :) Rt t 
As Q, > Q,, sheet wire will liberate more heat. 
Q. 3.08. A dry cell of e.m.f. 1-5 volt and interr 
resistance 0-10 Q is connected across a resistance 
es with a very low resistance ammeter. When the circ 
is switched on, the ammeter reading settles to a steady val 
of 2:0 A. What is the steady 
(a) rate of chemical energy consumption of the cel 
(b) rate of energy dissipation inside the cell, 
(c) rate of energy dissipation inside the resistor an 
(d) power output of the source ? (Text Questi 
Sol. Here, V = 1-5 volt; r=0-:100 ;1=20A 
Let R be the external resistance. Then, 
A poicibel Vo15 
eS tee 
or R=0-75-0-10 =0-65Q 
(a) Rate of consumption of chemical energy of the c 
VxI=1-5~x20=3-0W ; 
(b) Rate of energy dissipation inside the cell, 
I? r= (20)? x 0-10 =0-4 W 
(c) Rate of PPATEY. dissipation inside the resistor, 
I? R= (2-0) x 0-65 = 2-6 W 
(d) Power output of the source 
= total power 
— rate of energy dissipiation inside the « 
=3-0-0-4=2-6 W 
Q. 3.09. Two wires made of tinned copper havi 
oe identical cross-section (= 10~* m*) and lengths 10. 
15 cm are to be used as fuses. Show that the fuses w 
melt at the same value of current in each case. 
(Text Questi 
Ans. Let there be a wire of length1, radius r and mater 
of resistivity p. 


Now, resistance of the wire, R = p tI l 


A ee ae 
mr 
Suppose that a current I is passed through the wire. 


Heat produced per second = I? R=I? p ny 
mY 

The hot wire will heat radiate from its surface to t 
surroundings. Let the rate of loss of heat due to radiation fre 
the surface of the wire per unit its surface area be equal to 

Neglecting the area of the end faces, 

surface area of wire = 2211 
Therefore, heat radiated per second by the wire 
=2arlH 

As current flows through the wire, heat is produced a 
its temperature keeps on rising. At the same time, heat is | 
to the surroundings due to radiation at a rate, which increa: 
with the increase in temperature of the wire. The wire w 


the melting point of the wire) 
e rate of production of heat in the wire just becomes equal 
to the rate of loss of heat due to radiation from it. Therefore, 
in equilibrium, 
heat lost per second = heat produced per second 


or BRS yet oe 


It follows that rate of loss of heat (which depends upon 
the temperature of the wire) does not depend upon length of 
the wire. Hence, fuses of different length will melt at the same 
value of current in each case. 

Q. 3.10. A fuse with a circular cross-sectional radius 

f 0-15 mm blows at 15 A. What should be the radius 
of cross-section of a fuse made of the same material, 
which will blow at 30 A ? (Text Question) 


Ans. From conceptual SAQ 3.09, it follows that 
TP? 27n°H 


r 


= constant 


1. What do you understand by heating effect of current ? 
Explain its cause. (H.P.S.S.C.E. 2002) 
2. Prove that heat produced in good conductor is given by 
2 
H= Lees (in cal), 
Rey ee wes 
where the symbols used have usual meanings. 
3. Prove that electric energy (W) consumed in a conductor 
is given by the formula : 
W=PRt 


1. @) Explain, why heat is produced, when.a. current passes 
through a resistance. Obtain an expression for the heat 
produced, when current is passed through a conductor. 
(b) Define electric power and electric energy. Define their 
SI units. 


1. Alamp of 40 W works at 200 volt. What is its resistance 

and current capacity ? [Ans. 1000 Q, 0-2 A] 

2. How many 60 watt bulbs may be safely run on 220 V using 

a5 A fuse ? (C.B.S.E. 1999) [Ans. 18] 

3. An electric heater consists of 10 m long nichrome wire of 

2-5 x 10° m? cross-sectional area. Calculate the wattage of 

the heater, when the potential difference across the heater 

is 200 V. Given that resistivity of nichrome = 1-1 x 10 Q m. 

[Ans. 9-091 kW] 

4. Three equal resistances connected in series across a source 

of e.m.f. consumes 20 watt. If the same resistances are 

connected in parallel across the same source of e.m.f., what 
would be power dissipated ? 

(P.S.S.C.E. 1999 ; C.B.S.E. 1999) [Ans. 180 W] 


will blow) of radii r, and r,, then 


2 
On ee i a 
Rie" OF Vat =, | —~ 
seen} I, 
Here, 1, = 15 A; r, = 0-15 mm and 1,=30A 


30\¥° 2/3 
i) -0.15x(32) =0-15x 2°” =0-15x 1-5874 
= 0-238 mm 

Q. 3.11. A nichrome heating element across 230 V 
Gory consumes 1-5 kW of power and heats up to a 
t€mperature of 750°C. A tungsten bulb across the same 
supply operates at a much higher temperature of 1600°C in 
order to be able to emit light. Does it mean that the tungsten 
bulb necessarily consume greater power ? (Text Question) 
Ans. As worked out in conceptual SAQ 3.09, the steady 
temperature of a current carrying wire depends on rate of loss 
of heat (which depends on surface area, emissivity, etc) from 
the wire in addition to the power consumed. Therefore, it 
does not necessarily mean that tungsten bulb working at 

higher temperature consumes greater power. 


|| FREQUENTLY. ~SKED SHORT ANSWER QUESTIONS 


Carrying 3 Marks 

4. A potential difference V is applied across a resistance R. 
Find a relation for the power consumed.(P.S.S.C.E. 1992) 
5. Obtain an expression for the heat produced in a given 
conductor on passing current. (GiS3S.C.E. 1999) 
6. Define electric power and electric energy. Give their SI 
units. (PS,S.GiE. 1993) 
7. Derive Joule’s law for heating effects of currents. What are 

the units of electric power and electric energy ? 
8. State and explain Joule’s law of heating effects of current. 
(25.5,C.E 1997) 


Carrying 5 Marks 
2. (a) State and explain Joule’s laws for heating effect of 
current. 
(b) Explain in brief three important applications of heating 
effect of current. 


JMERICAL ROBLEMS 


For Practice 


Type B. On Joule’s heating effect of current 


5. A heating element of resistance 40 ohm is connected to 
200 V supply ? How much heat will be produced in one 
minute ? (P.S.S.C.E. 1999) [Ans. 6 x 104 J] 

6. An electric bulb is marked 100 W-200 V. If the supply 
voltage drops to 110 V, how much heat and light energy 
is produced by the bulbinhalfhour?  (PS.S.C.E. 1998) 

[Ans. 54450 J] 

7. An electric bulb is marked 100 W-230 V. If the supply 
voltage drops to 115 V, what is the heat and light energy 
produced by the bulb in 20 minutes ? 

(P.S.S.C.E. 1997 S ; Text Problem) [Ans. 30,000 J] 

8. Calculate the amount of heat produced per second (in 
calories), when a bulb of 100 W, 220 V glows assuming 
that only 20% of electric energy is converted into light 
(J =4:2J cal“). (H.S.S.C.E. 2001) [Ans. 19-05 cal] 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


in 4 Q resistance due to the current flowing through it 
is 40 cal s“!, find the rate at which heat is produced in 
2 Q resistance. [Ans. 80 cal s“] 


anh! 130 
42. 62 
Fig. 3.10 


Three resistors R,, R, and R, each of 240 Q are connected 
across a 120 V suppy as shown in Fig. 3.11. Find (a) the 
potential difference across each resistor and (b) the total 
heat developed across the three resistors in 1 minute. 
[Ans. V, = 80 V, V, = V3 = 40 V ; 2400 J] 


Fig. 3.11 
A2:5 kW heater is used for 4 hours daily. If electric energy 
is being sold at the rate of Rs. 2-5 per kWh, what will be 


the cost of the bill for a month ? (PS'S:C,E? 1999) 
[Ans. Rs. 750] 
What will be the cost of running 500 W heater for 20 hours 
at the rate of Re. 2:40 per unit ? [Ans. Rs. 24] 
By mistake, a 100 watt electric lamp remains switched 
on for 30 days. What is the loss, if electricity costs Re. 3-00 
per kilowatt hour ? [Ans. Rs. 216] 
What is the cost of electrically heating 50 litres of water 
from 40°C to 100°C at Re. 2-50 per kWh ? Given, J = 4-2 J 
cal. [Ans. Rs. 8-75] 
Aroom heater is marked 1000 watt and 220 volt. Calculate 
(a) the current it draws (b) its resistance (c) cost of running 

it for 12 hours at the rate of Rs. 2-50 per unit. 
[Ans. 4-545A, 48-4 Q, Rs. 30] 


A house is fitted with two electric lamps, each of 100 W ; 
one heater of resistance 110 Q and two fans, each 
consuming 0-25 A. If electric energy is supplied at 200 V 
and each appliance works for 5 hours a day, find the 
monthly bill at the rate of Rs. 3-0 per kWh. 
(P.S.S.C.E. 1998 S) [Ans. Rs. 308-58] 
A house is fitted with eight lamps (each of 40 watt) and two 
fans, each taking a current of 0-25 ampere. The energy is 
supplied at 220 volt. If the lamps are lighted for 3 hours a 
day and the fans work for 6 hours a day, find the bill for 
30 days. The cost of energy is at the rate of Rs. 2-40 per kWh. 
[Ans. Rs. 116-64] 
A house is fitted with 10 lamps of 60 W each, 10 fans 
consuming 0-5 A each and an electric kettle of resistance 
110 Q. If the energy is supplied at 220 V and costs Rs 2:50 
per kWh ; calculate bill for 10 days, if all the appliances 
are used for 6 hours daily. (H.PS.S.C.E. 1998 S) 
[Ans. Rs. 321] 
A house is fitted with 20 lamps rated 100 W each, 10 fans 
consuming 0:5 A each and electric kettle of resistance 100 
ohm. Electricity is supplied at 220 V and electrical energy 
is sold at Re. 2:50 per kWh. Calculate the bill for 10 days, 
if all the appliances are used for 6 hours daily. 
[Ans. Rs. 537-60] 


21. 


23. 


24. 


25. 


26. 


27. 


28. 


Pep 


30. 


31. 


32. 


se 


onverted into steam by an electric heater of power 2 kW 
one hour. Given, specificheat of water = 4-2 x 109 J kg~!°C 
and latent heat of steam = 2:26 x 10°J kg! 
[Ans. 2-8 k 
A copper electric kettle of 1 kg contains 900 g of water 
20°C. It takes 12 minutes to raise the temperature to 100‘ 
If electric energy is supplied at 210 volt, calculate t 
strength of the electric current, assuming 10% of the he 
is wasted. Take specific heat of copper = 0-1. 
[Ans. 2-47 
Aheater coil is rated 100 W, 200 V. It is cut into two identi 
parts. Both parts are connected together in parallel to t 
same source of 200 V. Calculate the energy liberated 
second in the new combination. (C.B.S.E. 20( 
[Ans. 400 | 
Two electric lamps are rated at 220 V- 40 W and 220 V- 
W. Find the heat generated in each per second, when th 
are connected in series across 220 V line. J = 4-2 J cal! 
[Ans. 3-429 cal ; 2-286 c 
For what value of load resistance, the power transfer 
maximum, when two identical cells, each of e.m.f. Ea 
internal resistance r are connected in (a) series and 
parallel. [Ans. (a) 2r (b) r/ 
How will you connect 36 cells, each of internal resistar 
15 Q so as to get maximum power out across a load 
69? [Ans. Three rows, each row containing 12 cel 
An electric motor operates on a 50 V supply and draw 
current of 15.A. If the motor yields a mechanical power 
150 W, estimate the power dissipated across its windin 
Also, find the efficiency of the motor ? 
[Ans. 600 W ; 20 


Acell sen E LLANEOUS P ROBLEM z for time f 


is, then, used to send current through another resistar 
for the same time t. If the heat developed in the two ca: 
is same, then calculate the internal resistance of the ce 


fri t [Ans. VRi R 
Water boils in an electric kettle in 15 minutes, after it I 
been switched on. If the length of the heating element 
decreased to two thirds of its original length calculate t 
time in which the same amount of water will boil, wh 
kettle is connected to the same supply.‘ [Ans. 10 mi 
An electric kettle heater has two coils. When one coil 
switched on, the water in the kettle begins to boil after 
minutes and when the other is switched on the wai 
begins to boil after 30 minutes. How soon will the wa 
in the kettle begin to boil, if both the coils are connect 
(a) in series ; (b) in parallel ? [Ans. (a). 45 min ; (b) 10m 
Twenty one electric bulbs are connected in series to 2 
V supply. After one bulb is fused, the remaining 20 bu 
are again connected in series to the same supply. By wl 
precentage will the illumination of (a) one bulb change a 
(b) all the bulbs change ? [Ans. (a) 10-25% (b) 5 
A room is lit with a 60 W lamp. The voltage in the ma: 
is 220 V. A 1000 W heater is, then, switched on. If t 
resistance of the wires connecting the electrical devices 
the room with the mains is 10 Q, by how much will t 
voltage supplied to the lamp be changed, when the hea 
is switched on ? [Ans. 36-83 
A line having a total resistance of 0:2 Q delivers 10 kW 
220 V to a small factory. What is the efficiency 
transmission ? [Ans. 96' 


SNA uw 


10. 


Proceed as in solved problem no. 3.01. 


iaeatilaie 6, 
Current drawn by 60 W bulb, I= = 500 
Therefore, number of bulbs that can be run on 5 A fuse, 
ting of fu 
ee re goffuse_ 5 ~ 18-33 
I 60 / 220 
Len AS 
Now Rep =a abet sxe 40 
ce A 2-5x10-° 
2 2 
R 4-4 


Let V be e.m.f. of the source and R, the resistance each of 

the three resistors. 

When resistors are connected in series : 
R,=R+R+R=3R 


z 2 11. 
Now, P= Mik or  20= Mis 
R, 3R 
v? 12. 
or Fgh 60 mG) 13. 
When resistors are connected in parallel : 14. 
R 
R, = 3 
R= (2 ees Ree 
Now, y or R/3 R 
or . P’=3 x 60=180 W 
2 2 
purpul ye x 60 = 6 x 10*J 
| SSeegniertnactte £0, 


Proceed as in solved problem no. 3.13. 

Proceed as in solved problem no. 3.13. 

Power of bulb, P = 100 .W 

Therefore, electric.energy consumed per second = 100 J 


Electric energy converted into heat, 15. 


100 x 80 80 
pet Heb a fy (er 6 
Q 100 J 4-2 = 19-05 cal 


Resistance of series combination of 2 Q and 3 Q resistors, 
R,=24+3=52 


_ Also, resistance of series combination of 4 Q and 6 Q 


resistors, 

R, =4+6=102 
Let I be the total current in the circuit. Then, part of current 
through R, 


Nghia AIG 2! ee 
Do Rych Rai: Bt 1D: ae 
and part of current through R,, 19. 
Ai TORY IB gd 20. 


L= = = 
Sy Vel ny eee 
Now, heat produced per second in 2 Q resistor, 


Q, « Le x2 AG) 
and heat produced per second in 4 Q resistor. 
Q, «1,?x 4 (ii) 
Q -1?x2 te Qi _ (21/3 x2 
QO, 14K4 40 (1/3)*x4 
or Q,=80cals? 
(a) Total resistance of the circuit, 21: 
x 240 x 2 
R=Ryta2—3 = 269 po 
R,+R3 240 + 240 


= 240 + 120 = 3602 


Vigil 


and potential difference across R,, 


V; =1R, = 5% 240= 80 V 


I 1 
Since R, = R3, current equal to > i.e. 6 Awill flow through 


a 
2 
each of the two resistances. 
Therefore, potential difference across R, or Rj i.e. 


1 
V,=V3= x 240 = 40 V 
(b) Heat developed across the three resistors in 1 minute, 


2 
o-PRi-(2] x 360 x 60 = 2400 J 


Energy consumed in 1 day = 2:5 x 4= 10 kWh 
Energy consumed in 1 month = 10 x 30 = 300 kWh 
Cost of monthly bill = 300 x 2-5 = Rs. 750 
Proceed as in problem no. 11. 
Proceed as in problem no. 11. 
Volume of water, V = 50 litre = 50 x 10° cm? 
Mass of water, m = V p = 50 x 10° x 1=50 x 10° g 
= 50 kg 
Heat required to raise the temperature of water from 40°C 
to 100°C 
Q=mc (6, -94,) 
Specific heat of water = 1 cal g=! °C7! 
=4.2 x 103 J kg! °C! 
2 Q=50 x 4-2 x 10° x (100 - 40) = 1-26 x 107 J 
Now, 1 kWh = 3-6 x 10°J 


= 126x107 
3-6 x 10° 


Cost of electricity = 3-5 x 2:50 = Rs. 8-75 
Here, P = 1000 W, V = 220 V 


=3-5kWh 


Py sea 
pee 2900) ue) 
V 220x220 
Re = 25S SS nehas: 
(b) R=5 or 48-4 Q 


(c) Energy consumed in 12 hours, 
1000 

- O=PxX t= — x 12=12kWh 
1000 


Cost of electricity = 12 x 2:50 = Rs. 30 
Proceed as in solved problem no. 3.17. 
Proceed as in solved problem no, 3.17. 
Proceed as in solved problem no. 3.17. 
Proceed as in solved problem no. 3.17. 
Heat produced by heater in 1 hour, 

Q=Pxt=2x 10 x 60 x 60 
OF joo Q 5 7:2x.10° (i) 
Suppose that this amount of heat Q can convert mass m 
(in kg) of water at 26°C into steam. 
Then, Q= mc (6,-6,;)+mL=m [c (0, — 0) +L] 

= m [4-2 x 10° (100 — 26) + 2:26 x 10°] 
or Q=2-57x10°m 
From equations (i) and (ii), we have 
2-57 x 10° m=7-2 x 10° or 

Mass of kettle, M = 1 kg = 1000 g; 
mass of water, m = 900 g 
specific heat of copper, c = 0-1, 
specific heat of water, c’ = 1, 

6,=20°C and @,= 100°C 


...(ii) 


m = 2:8 kg 


Zee 


23. 


25. 


26. 


pap 


Therefore, amount of heat 
from 20°C to 100°C, 
Q=Mc @,-6,)+mc' (@-4;) 

=(Mc+mc’) (6, -9,) 
or Q=(1000 x 0-1 + 900 x 1) x (100 — 20) 

=8 x 104 cal =8 x 4-2 x 10*J 
Let I be the current passed through the kettle. Therefore, 
heat produced by kettle in 12 minutes, 

OF =V Et=210x 1x 12x 607 

As 10% of heat produced is wasted, useful heat produced, 


et Q’x 90 
Te LOO 
210 x Ix 12x 60 x 90 - 
or = ...(i1) 
Q 100 J 
From equations (i) and (ii) we have 
210 XI x 12x 60 x 90 =8x 4-2% 104 
100 
or 1=2-47 A 
2 2 
Resistance of heater coil, R= ma = a = 400 Q 


When coil is cut into two parts, resistance of each of the 
two parts, 


R, = R, = = = 200 Q 
Resistance of the parallel combination of two parts of the 
coil, 


_ Ri, Ry _ 200X200 | 
P R,+R, 2004200 
Therefore, energy liberated per second by the parallel 
combination, 


paw ~ (200) 
a eT 


Proceed as in solved problem no. 3.05. 
(a) When cells are connected in series, 
total internal resistance = 2 r > 
For maximum power transfer, 

INSP A 
(b) When cells are connected in parallel; 
total internal resistance = r/2 
For maximum power transfer, 

r 


00 22 


= 400 W 


Suppose that the 36 cells are arranged in m rows, each row 
containing n cells. Then, 

mn = 36 Xa) 
Let r be internal resistance each cell. 


nr 
Total internal resistance of the cells = a7 


The grouping cells will deliver maximum current and 
hence maximum power, when 
total internal resistance = external resistance 
or.) aBweor eee 
m m 
Substituting for n in equation (i), we have 
mx4m=36 or m=3 
Also, n=4m=4x3=12 
Total power of the motor, P= VI=50 x 15 = 750 W 
Mechanical power of the motor = 150 W 
Therefore, power dissipated across windings of motor 
P’ = 750 — 150 = 600 W 
lide 150 
Efficiency of motor = P x 100 750 x100 = 20% 


=6 or n=4m 


Let E be e.m.f. and r, the internal resistance of the cell. 
Heat produced in resistance R, in time ft, 


28. 


293 


Also, heat produced in resistance R, in time f, 


2 
E 

= Rot 

Qo lars] 2 


Since Q, = Q,, we have 


E : E i 
Rj t= Rot 
R,+r Ry+r 


Ry aie 
(Rj +r)? (Rp +r)? 
or R, (R, +1)? = R, (R, +)? 
On simplifying, we get 


r = Ry R, 


Let R be resistance of the heating element of the kettle a 
Q be the amount of heat required to boil the water in t 
kettle. Then, 


v2 
=—t 
R 
In first case: 
y2 
=—x 15x60 
2 R 


In second case : When length of the heating element 
decreased to two thirds of its original length, resistance 
heating element becomes, 


Suppose that water now boils in time t. Then, 
=— xt= xt 
9 R’ 2R/3 
1-5V? 
or = t an 
R 
From equations (i) and (i), we have 
iry2 2 
2s t= x 15x 60 
R R 
15x 60 600 
t= = 600s =—— = i 
or 15 s 60 10 minutes 
(a) Proceed as in solved problem no. 3.15. 


v2 
(b) For first coil, Q = R * 15 x 60 
1 


V? x 900 
or R,= ae 
y2 
and for second coil, Q = R * 30 x 60 
2 
¢ V? x 1800 
or 2= O 
The resistance of the parallel combination of two coils 
_ Ri R2 
R, +R) 


If water, now, boils in time ft, then 


2 2 
oY = VRP y(t 1); 
R R, Ro Rel Ry 
Substituting for R, and R,, we get 
Q Q 
=V? | —~— +, =—__|t 
* (oo — 


30. 


t 900 1800 
_ 1800 x 900 
1800 + 900 


Let R be resistance of each bulb. Then, 
resistance of series combination of all the 21 bulbs = 21R 


or = 600s = 10 minutes 


220 
Current through the bulbs, I = IR 


Illuminating power of one bulb, 
220) 109-75 

a R 

Illuminating power of all the bulbs, 

21x 109-75 _ 2304-75 

P=21xP,= o NaRand apes: 

When one bulb gets fused : 

Resistance of series combination of all the 20 bulbs = 20 R 

220 

20R 

Illuminating power of one bulb, 


2 
pet ig (zona 121 
20R R 
Illuminating power of all the bulbs, 
_ 20x121__ 2420 


P, =P R= 


Current through the bulbs, I’ = 


Ee OM Enea or Amc 
(i) % increase in illuminating power of one bulb, 
P,’- Py x 100 = 121/R-—109:75/R x 100 
P, 109-75/R 
= 10-25 % 
(ii) % increase in illuminating power of all the bulbs, | 
P’-P 100s 2420 /R — 2304-75/R x 100 
1p) 2304:-75/R 
=5% 
e 


es 


31. Resistance of bulb, R; = =- = 


ti 


= 806-67 W 


Vv? (22077, 


P, 60 
Resist f heat ek eb aa eS 
esistance of heater, R, = bison 
Resistance of the wires connecting the devices to the mains, 
=10Q 

Before the heater is switched on: 
Current in the circuit, 

Vv 220 

= 0-2694 A 


ie R,+Ry 806-67+10 
Voltage drop across the connecting wires, 
Vo = 1 Ro = 0-2694 x 10 = 2-694 V 
After the heater is switched on: 
Current in the circuit, 


por onal 220 6 
PRX Ro... 806:67X 48-4. A 
dae me oc SLE 19 

Ri +R, 806-67 + 48-4 


Voltage drop across the connecting wires 
Vo’ =I’ Rg = 3-9525 x 10 = 39-525 V 
Therefore, change in voltage supplied to the lamp, 
Vo — Vo = 39-525 — 2-694 = 36-83 V 
Actual power delivered to factory, P = 10 kW 
Current along the transmission line, 


3 
athe cg LRP EN 
Vv. 220 


Resistance of power line, R = 0:2 Q 
Therefore, loss of power along the transmission line 
=F R = (45-455)? x 0-2 = 413-2 W = 0-4132 kW 
Hence, power supplied to transmission line, 
P’ = 10 + 0-4132 = 10-4132 kW 
Therefore, efficiency of transmission line, 


=F seso0 sate 
I’ 10-4132 


‘Chemical Effects of Curren 


gues ?-01. CHEMICAL EFFECT OF ELECTRIC CURRENTS 


The chemical effects of electric current were studied by Faraday in 1833. When 
electric current is passed through a conductor, it gets heated. The magnetic field is 
also produced around a current carrying conductor. However, no chemical effect 
is produced, when current is passed through a conductor. The chemical effects of 
current may be observed in liquids. If electric current is passed through a liquid, it 
may or may not allow the passage of current through it. In fact, on the basis of their 


electric behaviour, the liquids may be divided into three classes : , Key point : so WE 


(i) The liquids which do not allow current to pass through them. For example, distilled 
water, vegetable oil, etc. When current passes through a metal 


conductor, heating and magnetic effe 
occur. No chemical effect is produced 
a metallic conductor on passing curre 
through it. Only a liquid may she 
chemical eifects of electric curre 
through it. : 


(ii) The liquids which allow current to pass through them but do not dissociate into 
ions. For example, mercury. 

(iii) The liquids which allow current to pass through them by dissociating into ions. 
For example, salt solutions, acids and bases. 

The liquids, whcih dissociate into ions on passing current through them are called 
electrolytes and the process of dissociation of a liquid into ions on passing current through 
it, is called electrolysis. 

Therefore, passage of electric current through the electrolytes produces 


chemical effect. 
mu ELECTROLYTE 


The substances, which dissociate into ions and when in solution form, allow electric 
current to pass through them, are called electrolytes. For example, acids, bases, 
acidulated water, salt solutions, such as copper sulphate, silver nitrate, etc. 


On the basis of their behaviour towards the passage of electric current, the K int 
electrolytes are of the following two types : 


1. Strong electrolytes. Those electrolytes, which are more or less completely ionised 

in their solutions, are called strong electrolytes. For example, HCI, NaOH and NaCl. panera sare earn 
2. Weak electrolytes. Those electrolytes, which are ionised to a small extent in their ~ ; 

solutions, are called weak electrolytes. For example, NH,Cl, CH,COOH and H, O3. 

guy 2-03. ELECTROLYSIS 


The process of liberating free elements from an electrolytic solution, when electric 
current is passed through it, is called electrolysis. 

When an electrolyte, such as copper sulphate (CuSO,) is dissolved in water, 
it dissociates into ions as below : 

CuSO, —> Cu** +SO,— 

Consider that the copper sulphate solution is taken in a vessel and current is 
passed through it by using two electrodes and a source of e.m.f. The electrode, 
through which the current enters the electrolytic solution, is called anode, while the 
other electrode, through which current leaves, is called cathode. @ 


On passing current, Cut * ions drift to the cathode, while sO, ~ ions towards 
the anode. At the cathode, Cu* * ions discharge themselves and copper atoms are 
liberated at the cathode. 


The vessel, in which electrolysis is carried out is called voltameter. It is also called 


an electrolytic cell. 
= HEORY OF ELECTROLYTES 


An atom, a group of atoms or radical having charge is called an ion. 
Substances like sodium chloride (NaCl), copper sulphate (CuSO,), silver nitrate 


(AgNO), etc, when dissolved in water dissociate into ions. The dissociation of these 
substances into ions may be represented as below : 
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AgNO; —~> Ag* +NO3 

If an atom, a molecule or a radical has electrons less than what it would have 
in its normal state, it is called a positive ion. The positive ions are called cations ; 
as during electrolysis, they would collect at the cathode. On the other hand, if an 
atom, a molecule or a radical has electrons more than what it would have in its 
normal state, it is called a negative ion. The negative ions collect at the anode during ; 
electrolysis and accordingly, they are called anions. Let us first understand the 
mechanism of dissociation of a substance into ions. 

In crystalline NaCl, Na* and Cl ions have large force of attraction between 
them. To remove Na* and CI ions from each other, an energy of 7-9 eV per molecule 
is required. The average thermal agitation energy is of the order of 0-03 eV and it seiner gE 
is thus insufficient to separate Na* and CI ions, when it is in crystalline state. An electrolyte dissociates into ions on 

Water has dielectric constant equal to 80. When sodium chloride is dissolved being solved m1 Wetesoue teste reasotl 
in water, Na* and CI ions find themselves in water as continuous medium. Due that high value of the dielectric COnstInt 
to this, the potential energy of the sodium chloride molecule reduces by a factor of tile tiene theaOies on etteaction 
80 and the average thermal agitation energy becomes sufficient to take Nat and CL between its positive and negative ions. 
ions away from electric field. Electrolytes conduct pectnicity. butihetmamancivitye: 
is very low. At room temperature, the conductivity of an electrolyte is about 10 
to 10° times that of a good metallic conductor. It is because of the following three 


reasons : 
1. The number of free ions per unit volume in an electrolyte is quite smaller 
than the number of free electrons per unit volume in a metallic conductor. The conductivity of electrolytes is very 
2. In comparison to electrons, ions have very large mass. Therefore, when Small as compared to that of a metallic 
electric field is applied, they drift much more slowly than electrons. conductor due to the fact that number 
3. Since an electrolytic solution is quite dense, the ions experience more _ density of free ions in them is very small 
difficulty to drift through it. as compared to number density of free 
Water also dissociates into positive and negative ions as represented below : electrons in a metallic conductor. 


H,O—> H* + OH™ 
In pure water, its dissociation into ions is of a very low degree (about one part 
in 10’). As such its conductivity is very low. However, when an acid or an alkali is 
added to water, its conductivity increases by a very large amount. Thus, water 
ontaining say a few drops of an acid also behaves as an electrolyte. 


ml 4.05. ELECTROLYSIS OF COPPER SULPHATE sporcaruasin sym 

A copper voltameter is used to carry out the electrolysis of copper sulphate = 
‘olution. It consists of a glass vessel, which contains two copper electrodes Aand 
- ana the copper sulphate solution as the electrolyte. A battery, a rheostat, an 
immeter and a one-way key are connected across the two copper electrodes A and 
-as shown in Fig. 4.01. The rheostat is used to adjust the current in the circuit, while 
he ammeter is used to measure the current. The copper electrode A to which positive 
ole of battery is connected, is called anode, while the electrode C connected to the 
legative pole is called cathode. 

When the circuit is switched on, current inside the voltameter is carried bythe 
ons of the electrolyte and outside the voltameter, the current is carried by electrons. _ 
f the electrolyte is made acidic, the conductivity of the electrolyte improves without ae 
ffecting the reactions that take place inside the voltameter. a 

Mechanism of electrolysis. When the acidic copper sulphate solution — 
issociates, the ions are produced as below : 


CuSO, ——> Cutt + sO, 
H,O0 —> Ht + OH- 
The Cut * ions drift towards the cathode C. As soon as a Cut + ion reaches the 
athode, two electrons from the negative pole of the battery flow into the cathode 
nd combine with the Cu* + ion to produce a neutral Cu atom. The Cu atom so 


roduced due to the discharge of Cut * ion gets deposited at the cathode. The 
lowing reaction takes place at the cathode : 


Cut*++2e—>Cu 
As soon as a Cut + ion discharges at the cathode, a Cu atom at the anode A 
‘leases two electrons and the Cut + ion so produced goes into the CuSO, solution. 


CuSO, 
SOLUTION 


The two electrons so released flow from the anode to the positive pole of the battery. 


The following reaction takes place at the anode : 
Cu— Cut * +22 

Therefore, the circuit completes due to the flow of ions inside the electrolyte 
and flow of electrons in the metallic connecting wires outside the voltameter. There 
is no accumulation of charge anywhere in the voliameter. The result of current flow 
in the circuit is simply the plating out of copper from the anode and its deposition 
at the cathode of the copper voltameter. However, the concentration of CuSO, 
solution remains the same during the process of electrolysis. 

It may be noted that one Cu atom is deposited at the cathode for each pair of 
electrons flowing through the connecting wires. Therefore, the amount of copper 
deposited at the cathode during electrolysis is always directly proportional to the 
charge flowing through the circuit. 


mam 4.06. ELECTROLYSIS OF WATER 


A water voltameter consists of a glass vessel, at the base of which two platinum | 


electrodes are provided. The vessel contains acidic water. Two long tubes filled with 
acidic water are held in inverted position over the two electrodes [Fig. 4.02]. A 
battery, a rheostat, an ammeter and a one-way key are connected to the two 
electrodes. 


When current is passed through the acidic water, hydrogen gas is collectedin | 


the inverted tube put over cathode and oxygen gas is collected in the tube placed 
over anode. 


Mechanism of electrolysis. The electrons from the negative terminal of the — 


battery enter the cathode through the connecting wire and cause reduction of the 
water. The reaction at the cathode takes place as below : 
4H,0+4e—>» 40H +2H, 
Due to this, hydrogen gas is liberated at the cathode. Also, the concentration 
of OH ions increases. 
At the anode, concentration of OH” ions is low. Due to dissociation of sulphuric 


acid (used to make water acidic), sO, ~ ions are also present at the anode but they 
are difficult to oxidize. As such, the main reaction at the anode is the direct oxidation 
of the water. The reaction takes place as below : 

2H,0 —> e+ Ger 0, 

The oxygen gas is liberated at the anode. Also, the released electrons reach the 
positive terminai of the battery after entering the anode and passing through the 
connecting wire. Further, due to this reaction, the concentration of H™ ions increases. 
In the electrolyte, Ht and OH” move towards the cathode and anode respectively 
and neutralize according to following reaction : 

4H* + 40H —>4H,O 
If we add the respective sides of the above three reactions, we obtain 
GHO)245 2.0, 
mmm 4.07. FARADAY’S LAWS OF ELECTROLYSIS 

The detailed experimental study of the electrolysis was carried out by Michael 
Faraday. The conclusions drawn by him are commonly known as Faraday’s laws 
of electrolysis. They are stated and discussed as below : 

First law. It states that the mass of substance deposited at the cathode during electrolysis 
is directly proportional to the quantity of electricity (total charge) passed through the 
electrolyte. 

Let m be the mass of the substance liberated, when a charge q is passed through 
the eiectrolyte. Then, according to Faraday’s first law of electrolysis 

meq 

or m=Zq, (4.01) 
where the constant of proportionality z is called electrochemical equivalent (E.C.E.) 
of the substance. 

If a constant current I is passed through the electrolyte for time t, then the total 
charge passing through the electrolyte is given by 

g=It 
Therefore, from equation (4.01), we have 
m=zit ..(4.02) 


Key point 


In an electric circuit containing a volte 
meter, current inside the voltameter i 
carried by ions and outside the voltamete 
current is carried by electrons, 


ACIDIC 


d Hence, the electrochemical equivalent of substance may be defined as the mass of its 
substance deposited at the cathode, when one coulomb of charge pusses through the electrolyte. 
The SI unit of electrochemical equivalent of a substance is kilogram coulomb=1 

_ (kg C-). In practice, E.C.E. of a substance is expressed as gram coulomb=! (g C-1), 
The values of E.C.E. of a few common substances are given in the following table : 


Pa oleae 


im 


: Second law. If same quantity of electricity is passed through different electrolytes, The jargon is 
masses of the substances deposited at the respective cathodes are directly proportional to their atomic weight 
chemical equivalents. Chemical equivalent = 

Let m be the mass of the ions of a substance liberated, whose chemical valency 
equivalent is E. Then, according to Faraday’s second law of electrolysis, 
mxE 
or m = constant x E 
or z = constant ...(4.03) 


Relation between chemical equivalent and electrochemical equivalent. 
Suppose that on passing same amount of electricity q through two different 
electrolytes, masses of the two substances liberated are m, and my. If E, and E, are 
their chemical equivalents, then from Faraday’s second law, we have 

| wig perk 
ms By ...(4.04) 


Further, if z, and z, are the respective electrochemical equivalents of the two 
substances, then from Faraday’s first law, we have 


mM, = 29 and My = Zo q 
% EUs recah ...(4.05) 
mz 29 
From equations (4.04) and (4.05), we have 
2 Ey 
Za Ey 
E, 
or Berd X rah ..-(4.06) 


1 
It gives the relation between chemical equivalents and electrochemical 
equivalents of two substances. Knowing z,, E, and E,, the above relation can be used 
to find electrochemical equivalent Z) of an unknown substance. Further, from 
equation (4.06), it follows that 


a = constant ...(4.07) 
zi 
te. The ratio E/z for a substanc 


i. a OO) ~ 


Faraday constant is the quantity of charge required to liberate one gram equivalent of 
he substance on an electrode during the process of electrolysis. It is denoted by EF. It has 
i fixed value of 96500 C mol, 

Relation between Faraday constant and E.C.E. of a substance. Suppose that 
m passing electric charge q through an electrolyte, mass m of a substance is liberated. 


If zis electrochemical equivalent of the substance, then from Faraday’ s first law, we 
have 


m= "24 
or q= * ...(4.08) 


From definition of Faraday constant, it follows that 
when m = E (chemical equivalent of the substance), q = F 
Setting the above cordition in equation (4.08), we have 


E 
Fo ...(4.09) 
% 


Thus, Faraday constant is equal to the ratio of chemical equivalent of a substance to 
its electrochemical equivalent. 
Further, equation (4.09) gives 
E 
Z= F ...(4.10) 
Hence, electrochemical equivalent of a substance is equal to the ratio of its chemical 
equivalent to Faraday constant. 
To express Faraday constant in terms of Avogadro number and electronic 
charge. Again, from Faraday’s first law of electrolysis, we have 
m= Zq (4.11) 
Let us first calculate the quantity of charge required to liberate one mole of the 
substance. Suppose that the valency of the atoms of the substance is p. From the 
concept of the valency, it follows that in order to deposit one atom of the substance, 
p electrons have to pass through the electrolyte. In other words, when electric charge 
equal to pe is passed through the electrolyte, one atom of the substance will be 
deposited at the electrode. If N is Avogadro number, then 
charge required to deposit one mole of the substance = N ( p e) 
Let M be mass of one mole of the substance. Then it follows that 


when g=N Pe) m=M 
Setting the above condition in equation (4.11), we have 
M=ZN (pe) 
M 
or —=zNe 


But Bay E, the chemical equivalent of the substance. Therefore, the above 


equation becomes 


E=zNe 
Substituting for E in equation (4.09), we have 
zNe 
Be 
a 
or F=Ne ..(4.12) 
i.e. Faraday constant is equal to the product of Avogadro number and electronic 


charge. 
Since N =6-0229x 1073 and e=1-602 x 10-!9C, we have 
F =Ne=6-0229 x 1079 x 1-602 x 10719 = 96487 C ~ 96500 C 
Ml 4.09. USES OF ELECTROLYSIS 
The phenomenon of electrolysis has been put to many technical and commercial 
uses as detailed below : 


1. Electroplating. The process of depositing a thin layer of a metal on any — 


surface by electrolysis is called electroplating. The article to be electroplated is made 
cathode and the metal to be deposited is made anode. A soluble salt of the metal 
(the metal to be deposited) is used as electrolyte. When the current is passed, a thin 
layer of the metai deposits on the material. 

2. Extraction of metals from the ores. Certain metals are extracted from their 
ores by electrolysis. For example, aluminium is extracted by passing current through 

the fused ores bauxite (Al,O3) and cryolite (Na3 AlF,). 

3. Purification of metals. The impure metal is made anode and the pure metal 

is made cathode. The soluble salt of the pure metal is used as electrolyte. On passing 


The ratio of chemical equivalent and 
electrochemical of a substance is’ 
as Faraday constant. Its vab 
(96500 C mot) i sneaDecENe of 
of substance. sf, 


Faraday constant is given by 
R-SeNey 


v4 St ee ae 
where the letters have their usual 
meanings. 


, current, pure metal gets deposited on the cathode. In this manner, copper has been 
' purified upto 99-99%. 

4. Electrotyping. Exact copies of the metallic type used in printing works and 
of the engraved blocks on metals can be prepared by the process of electrolysis. The 
impression of the type of block is first obtained on a soft material, such as wax. The 
mould (impression on wax) is made conducting by coating with graphite powder. 
Then, a thin film of copper is deposited by the process of electrolysis. This sheet gives 
a copy of the type or the engraved block. 

5. Manufacture of caustic soda. By carrying out electrolysis of sodium chloride 
solution, caustic soda is prepared. 

6. Electrolytic capacitors. An electrolytic capacitor consists of two aluminium 
electrodes dipping in a mixture of boric acid, glycerine and ammonia water. When 
current is passed, a thin film of aluminium oxide is formed on anode due to 
electrolysis, which acts as dielectric. As the thickness of the oxide layer is very small, 
the capacitor has a very large capacitance. 

7. Noden valve. It is used to rectify an alternating e.m.f. up to 40 V and works 
on the phenomenon of electrolysis. It consists of two electrodes of lead and 
aluminium dipping in aqueous solution of an alkali borate. When an alternating 
e.m.f. is applied, the current flows only when aluminium electrode is negative. It, 
thus, acts as a rectifier. 

8. Medical applications. Electrolysis is used for local anaesthesia (when 
current is passed through a nerve, it is rendeted insensitive to pain) ; for nerve 
stimulation especially for polio ; for removing unwanted hair on any part of body, 
etc. 

9. Chemical analysis. The process of electrolysis has been used for determining 
the composition of many chemical salts. 


gee 4.10. SOURCE OF E.M.F. 


We know that water always flows from a place at higher level to the place at 
lower level and this movement of water due to difference in levels of the two places 
may be termed as water flow. Similarly, when two ends of a conductor are at different 
levels of electricity, electric charge flows from one end of the conductor to the other. 
This charge flow is called flow of electric current. 

A conductor contains free electrons, which are always in random motion. The 
flow of free electrons in a definite direction constitutes the electric current through 
the conductor. It can be achieved by maintaining electric potential difference across 
the two ends of the conductor. The in electric potential difference across the two 
ends of the conductor performs the work in moving free electrons through the 
conductor in a definite direction. Such a device or an arrangement, which can 
maintain potential difference across a conductor is called source of e.m.f. 

Therefore, a source of e.m.f. is an arrangement, which supplies energy in some form 
so as to bring about the movement of free electrons in a conductor in a particular direction. 

There are following types of sources of e.m-f. : 

1. Electrochemical cell. An electrochemical cell or simply a cell is an arrangement, 
in which chemical reaction takes place at a steady rate, so as to convert chemical energy into 
electrical energy. 

The total amount of electrical energy that can be provided by a cell is limited 
by the amount of reactants present in the cell. 

The electrochemical cells are of two types namely primary cell and secondary 
cells. The secondary cells are also known as storage cells. 

2. Photo cell. A device in which light energy is converted into electrical energy is 
called a photo cell. 

Such a cell is based on the phenomenon of photoelectric effect. 

3. Thermocouple. A thermocouple is a source of e.m.f., in which heat energy is 
converted into electrical energy. 

It is an arrangement of two wires of different materials joined at their ends, 
so as to form two junctions. When one junction is kept hot and the other cold, electric 
current flows through the arrangement. It is called Seebeck effect or thermoelectric 
effect. 

4. Electrostatic machines. By making use of some electrostatic phenomena, 
machines have been developed which may be used to provide very high voltages. 
For example, electrophorus, Wimshurst machine, Van de Graaff generator, etc. 
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conducting loop in a magnetic field i is converted f into SeeriCal energy. 

Anelectric generator is based on the phenomenon of electromagnetic induction. 

6. Other cells. (i) Certain radioactive substances (f-emitters) emit electrons over 
long periods. Such radioactive substances are used in constructing atomic cells. 

(ii) When a mechanical stress is applied in a suitable direction on certain 
crystals, such as tourmaline, quartz and Rochelle salt, the opposite faces become 
electrically charged. In other words, in such crystals, mechanical energy gets 
transformed into electrical energy. Such crystals are called piezo crystals. The 
transformation of mechanical energy into electrical energy in such crystals is known 
as piezo electric effect and such a mechanism constitutes a piezo electric cell or piezo 
electric generator. 


me 4.11. PRIMARY AND SECONDARY CELLS 


Primary cell. It is an electrochemical cell, which once discharged, cannot be put to 
use again by passing electric current from an external source. 

Therefore, when a primary cell gets discharged, the chemicals inside the cell 
have to be replaced completely. Daniel cell, Leclanche cell and Bunsen cell are 
examples of primary cells. 

Secondary cell. [¢ is an electrochemical cell, which has to be charged initially by 
passing electric current from an external source, so as to convert the stored chemical energy 
into electrical energy. 

On getting discharged, a secondary cell can again be put into use by recharging 
it. In other words, the chemical reactions that take place inside a secondary cell are 
reversible in nature. Since a secondary cell stores energy when it is charged, it is. 
also called a storage cell or an accumulator. Lead acid cell and alkali cells are two 
commonly used secondary cells. 

Advantages of a secondary cell over a primary cell. 1. A secondary cell can 
be put to use again and again by recharging it ; while a primary cell once discharged, 
cannot be recharged. 

2. The internal resistance of a secondary cell is less than that of a primary cell. 
As such, a secondary cell enables to draw much larger current. 

Disadvantages of a secondary cell. 1. Asecondary cell has to be charged first, 
so as to obtain electrical energy from it. In other words, a secondary cell requires a 
lot of time before it can be put to use, while a primary cell starts functioning 
immediately after its construction. 

2. The initial cost of a secondary cell is quite large as compared to that of a 
primary cell. 
mus 4.12. PRIMARY CELLS 


Luigi Galvani, an Italian professor of anatomy accidentally made a discovery, 
which led to the development of first primary cell. He observed that when the two 
ends of the exposed nerves in the leg of a freshly dissected frog were connected 
through a copper and iron wire, the leg jerked violently. He concluded that the effect 
was due to animal electricity in the frog’s leg. 

Alessandro Volta investigated the accidental discovery of animal electricity 
made by Galvani. He concluded that two dissimilar metals (copper and iron wires) 
immersed in a conducting fluid (fluid in frog’s leg) led to a chemical reaction capable 
of producing an electric current, which caused the frog’s leg to jerk violently. 
Ultimately, Volta invented the first primary cell, now called the simple voltaic cell. 

This cell suffered from a few defects. In order to remove them, other cells were — 
developed. In addition to simple voltaic cell ; Daniel cell, Bunsen cell and Leclanche © 
cell are the other primary cells. 


gam 4.13. SIMPLE VOLTAIC CELL 


It was invented by Allexandro de Volta in the year 1800. 

Construction. It consists of a glass vessel containing dilute sulphuric acid as ~ 
electrolyte. Two rods, one of copper and the other made of zinc, are placed in dilute 
sulphuric acid as shown in Fig. 4.03. Due to the chemical reactions inside the cell, 
the zinc rod acquires negative charge and the copper rod positive charge. As a result, 
a potential difference is established between the copper and the zinc rods. The copper _ 
rod is called positive pole, while the zinc rod is called negative pole or terminal of the 
cell. 


tit se it e : 
~ and negative sulphate ions (SO, ) as represented below : 
SO," 2H eo 

When the copper and zinc rods are placed in dilute sulphuric acid, some of 

the neutral zinc atoms go into the electrolyte as Zn* * ions as represented below : 
Zn—> Zn + 2€ 

For each Zn* * ion so produced, two electrons (2 e7) are left on the zinc rod. 
As more and more Zn** ions enter the electrolyte, the zinc rod becomes more and 
more negative. Also, the concentration of Zn* *ions in the electrolyte goes on 
increasing. The H* ions drift to the copper rod. On reaching the copper rod, the H+ 
ions extract electrons from the rod and form neutral hydrogen atoms. As a result 
of it, copper rod acquires positive charge. As more and more H* ions discharge at 
the copper rod, it becomes more and more positive. Due to positive charges building 
up on copper rod and negative charge on the zinc rod, the potential difference 
between the two rods goes on increasing. It continues, till the potential gradient along 
the electrolyte between copper and zinc rod just restricts the drift of H* ions to the 
copper rod. The maximum e.m.f. developed in voltaic cell is found to be 1-08 V. 

Defects in a voltaic cell. A voltaic cell suffers from the following two defects : 

1. Local action. The commercial zinc usually contains traces of iron and lead. 
When Zinc rod containing such impurity atoms of iron and lead is dipped in dilute 
sulphuric acid, tiny voltaic cells are formed locally on the zinc rod and in these cells, 
local electric currents are set up. Due to these local currents, zinc is converted into 
ZnSO, and hence wasted even when the cell is not in use. This defect in voltaic cell 
is called local action. 

To remove this defect, the zinc rod is rubbed with mercury. The impurity atoms 
of iron and lead are insoluble in mercury and hence they get covered with a layer 
of mercury. On the other hand, zinc forms a mercury amalgam. Due to this, whereas 
the impurity atoms of iron and lead are no longer exposed to dilute sulphuric acid, 
the zinc atoms remain exposed. Thus, on amalgamating the zinc rod, the chemical 
action inside the cell is sustained without any local action. 

2. Polarisation. This defect arises due to the formation of a neutral layer of 
hydrogen gas on copper rod, when the H* ions on reaching copper rod extract 
electrons from it and form hydrogen atoms. The layer of hydrogen gas on the copper 
rod weakens the action of the cell in the following two ways : 

(i) The layer of hydrogen is a bad conductor of electricity. Due to this, internal 
resistance of the cell increases. 

(ii) Due to the formation of a layer of hydrogen gas, Ht ions moving towards 
the copper rod are unable to transfer their positive charge on it. As such, H* ions 
set up an electric field from the layer of hydrogen to zinc rod and oppose the motion 
of H* ions towards the copper rod. It results in back electromotive force, which sends 
the current in opposite direction and weakens the action of the cell. This defect in 
the cell is called polarisation. This defect can be removed by brushing off the 
hydrogen from time to time or by using a depolariser (an oxidising agent), which 
_ will convert hydrogen gas into water. 


mmm 4.14. DANIEL CELL 

It was developed by Daniel in the year 1836. 

Construction. It consists of a copper vessel containing copper sulphate (CuSO,) 
solution. The copper vessel itself acts as the positive pole of the cell. Inside the CuSO, 
solution, a porus pot containing an amalgamated zinc rod and dilute H, SO, acid 
is placed as shown in Fig. 4.04. Whereas the porus pot prevents the dilute H,SO, 
and the CuSO, solution from mixing with each other, it allows the H* ions produced 
in the porus pot to diffuse through its walls into the CuSO, solution. The 
amalgamated zinc rod is used in order to avoid the defect of local action from 
occurring in the cell. The amalgamated zinc rod acts as the negative pole of the cell 
and both the CuSO, solution and dil. H,SO, serve as the electrolyte. However, the 
CuSO, solution serves as depolariser also. 

When the cell functions, the concentration of CuSO, solution falls. In order 
to keep the concentration of CuSO, solution constant, the crystals of CuSO 4 are 
placed on the perforated shelf provided along the walls of the copper vessel. 


Key point 4 


A simple voltaic cell suffers from the 
defects of local action and polarisation. 


Key point 


| 


The defect of local action arises in a 
simple voitaic cell due to formation of tiny 
voitaic cells on the zinc rod.Such cells are 
formed due to the reason that commercial 
zinc contains traces of iron and lead. 


Key point 


The defect of polarisation arises in a 
voltaic cell due to deposition of a layer of 
hydrogen on copper rod, which is bad 
conductor of electricity. 


CuSO4 
CRYSTALS 


v6 
ELIS F TES FOL LIE LEN IGE BLE 


Action. Inside the porus pot, the dilute H,SO, acid dissociates into H* an 
SO, ions. As the zinc rod is dipping inside the dilute H,SO, acid, some of the 
zinc atoms go into the solution as Zn* * ions. For each Zn* * ion going into the 
solution, two electrons are left on the zinc rod. As the concentration of Zn* * ions 
in the solution increases, zinc rod becomes more and more negative and the H* ions 
diffuse through the walls of the porus pot into the CuSO, solution. The reactions 
taking place inside the porus pot are as below : 


H,SO4 ——_-> 2H yt SQ»: 
Zn ==> eZ ei 2ien 
Zn "S50, ~ ee ZnSO4 
Zn'+ H,SO,—— ZnSO, + 2'H* +2€° 


The formation of ZnSO, on the porus pot does not affect the working of the 
cell, until crystals of ZnSO, are deposited along its walls. 

On diffusing out of porus pot, H* ions react with copper sulphate solution as 
below : 

2'H *+,CuSO,;— 4504+ Cut* 

As the Cu* tions deposit on the copper vessel, it acquires positive charge. Due 
to building up of the positive charge on the copper vessel and negative charge on 
the zinc rod, the potential difference between the two poles of the cell goes on 
increasing. When equilibrium is attained, the cell developes an e.m.f. of 1-1 V. 

It may be pointed out that the use of CuSO, solution makes Cu* * ions to 
discharge at the copper vessel in place of H* ions. In case, H* ions discharged at 
the copper vessel, the defect of polarisation would occur due to the production of 
H, gas. Therefore, due to the use of CuSO, solution, the defect of polarisation is 
avoided in Daniel cell. The CuSO, solution is said to be acting as depolariser. 
However, as the cell works, the concentration of CuSO, solution falls and this in 
turn decreases the e.m.f. of the cell. But before this may happen, some CuSO, crystal 
from the perforated shelf get dissolved into CuSO, solution and the concentration 
of CuSO, solution recovers to the original value. As the concentration of CuSO, 
solution is maintained, the cell provides the steady e.m.f., while in use. 


gee 4.15. LECLANCHE CELL 


It was invented by George Leclanche in the year 1865. 

Construction. It consists of a glass vessel containing a strong solution of 
ammonium chloride (NH,C)) as electrolyte. An amalgamated zinc rod dipping in 
the NH,CI solution acts as the negative pole of the cell. The use of amalgamated 
zinc rod avoids the defect of local action from occurring in the cell. A porus pot 
containing the carbon rod is placed inside the NH,CI solution. The carbon rod acts 
as the positive pole of the cell. The empty space in the porus pot is filled with 
manganese dioxide (MnO,) and charcoal powder [Fig. 4.05]. Manganese dioxide 
is used as depolariser. The use of charcoal powder makes MnO, conducting and thus, 
decreases the internal resistance of the cell. 

Action. The electrolyte NH,Cl solution dissociates into NHj and CI ions. As 
zinc rod is dipping inside the NH, CI solution, some of the atoms go into the solution 
as Zn* * ions. For each Zn* * ion so produced, two electrons are left on the zinc rod 
and hence it becomes negative pole of the cell. The NHj ions are repelled by Zn* + 
ions and they diffuse into the MnO, and charcoal mixture through the walls of the 
porus pot. Inside the glass vessel, Zn* * ions combine with CI ions to form ZnCl). 
The reactions taking place inside the glass vessel are as below : 

2NH,Cl —> 2NHj+2Cl- 
Zn 2 Zn* 44267 
Zn* * +2 Ch—> ZnCl, 


Zn+2HN,Cl —> ZnCl, +2NHj +2e- 


On diffusing into porus pot, NHj ions extract electrons from the carbon rod 
making carbon rod as positively charged and producing ammonia and hydrogen 
gas as represented below : 
2NH4+2e — > 2NH3+H) 


c 


In a Daniel cell, the defect of polarisatior 
is avoided by using CuSo, solution a: 
depolariser. ' #30 


TOUTE 


MIXTURE OF POWDERED 
MANGANESE DIOXIDE 
AND CHARCOAL 


Sa ET SS aa 


drogen gas is neutralised : 


I ray 
Fy MnO, producing manganese trioxide (Mn,O,) and ee as below : 
2 MnO, + H, —> Mn,O, + H,O 

It may be pointed out that by ee hydrogen gas into water, MnO, 
prevents hydrogen gas from causing the defect of polarisation in the cell. There- 
fore, MnO, acts as depolariser in Leclanche cell. The e.m.f. of Leclanche cell is 
nearly 1-5 V. 

However, the defect of polarisation is found to occur, if the cell is used 
continuously. Being a solid depolariser, MnO, reacts with the hydrogen gas at a 
much slower rate, than at which it is liberated. Therefore, after some time, there is 
partial polarisation due to accumulation of hydrogen gas and the e.m-f. of the cell 
falls. 

It is found that if the cell is allowed to rest for some time by switching off the 
circuit, the e.m.f. of the cell recovers. It is because, during this period, Mn,O, changes 
back into MnO, by taking oxygen from the atmosphere as represented below : 

2 Mn,O, + O, —> 4 MnO, 

Because of this reason, Leclanche cell is used in experiments, where only 

intermittent supply of electric current is required. 


ga 4.16. DRY CELL 


It is a portable form of a Leclanche ceil. 

Construction. In a dry cell, a moist paste of ammonium chloride containing 
zinc chloride is used as an electrolyte. Zinc chloride being highly hydroscopic, it is 

_added to ammonium chloride in order to keep it moistened. The paste of NH,Cl 

_and ZnCl, is contained in a small cylindrical zinc vessel, which acts as the negative 
pole of ae cell. A carbon rod fitted with a brass cap is placed in the middle of the 
zinc vessel. It acts as the positive pole of the cell. The carbon rod is surrounded by 

_aclosely packed mixture of MnO, and charcoal powder in a muslin bag. While the 
MnO, acts as depolariser, the charcoal powder reduces the internal resistance of 

the cell by making MnO, electrically conducting. The zinc container and its contents 
are sealed at the top with pitch or shellac as shown in Fig. 4.06. A small hole is 
provided at the top, so as to allow ammonia gas formed during chemical reactions 
to escape the cell. 

Action. A dry cell is only a modification of a wet Leclanche cell. Therefore, 
the action of a dry cell as regards the chemical reactions that take place are same as 
in case of Leclanche cell. 

The dry cells are manufactured in different sizes and shapes to suit particular 
needs. Irrespective of the size of the cell, the e.m.f. of the cell is nearly 1-5 V. Its 
internal resistance may vary from 0-1 © to10Q .. Further, an electric current of about 
0-25 A can be continuously drawn from a dry cell. 
mums 4.17. SECONDARY CELLS 

A secondary cell is one in which chemical energy is converted into electrical energy 
but they do so only when they are charged by passing current through them by some source. 

These are also called accumulators or storage cells. These are of two types : 

1. Lead acid cell or lead accumulator 2. Edison alkali cell 
mam 4.18. LEAD ACCUMULATOR 


It is a secondary cell and is the most common type of storage battery used in 
automobiles. It is also known as lead acid cell. It was invented by French Physicist, 
Gaston Plante in the year 1859. 

Construction. It consists of a hard rubber, glass or celluloid container containing 
dilute sulphuric acid as the electrolyte. Each of the two electrodes consists of,a set 
of alternate parallel mesh type perforated plates made of lead. The set of plates to 


be made the positive pole is filled with a paste of lead dioxide (PbO,), while the set : 


of plates to be made the negative pole is filled with a paste of spongy lead (Pb). The 


positive and negative plates are kept separated and insulated from each other by g 


porus separators made of rubber, plastic or glass fibre. This arrangement of positive 
and negative plates is placed inside the dilute sulphuric acid and connected to the 
lead terminals provided on the hard and rigid cover of the container [Fig. 4.07]. 
The e.m.f. of each cell of a fully charged lead accumulator is 2-05 V and a lead 
accumulator of such six cells produces an e.m.f. of nearly 12 V. The specific gravity 
of the electrolyte (dilute sulphuric acid) in a fully charged lead accumulator is 1-28. 


Key point 


. 


In a Leclanche cell, the defect of polari- 
sation is avoided by using MnO, as 
depolariser. Eeing a solid, MnO, reacts 
with hydrogen gas at a much slower rate. 
Therefore, if the cell is used continuosly, 
there is partial polarisation due to accu- 
mulation of hydrogen gas. The cell is 
found to recover, if rested for a small time. 
For this 1eason, Leclanche cell is used for 
obtaining current for intermittent inter- 
vals. 


Key point V 


A dry cell is portable form of Lenclanche 


CONTAINER 


CHARCOAi 


the electroyte fall. Whereas, e.m.f, of a cell of the accumulator should not be allowed 
to fall below 1-8V, the specific gravity of the electrolyte should not drop below 1-12. 

Discharging. When the cell is connected to an external load circuit, it sends 
current in the circuit and starts discharging. The dilute sulphuric acid dissociates 
into H* and SO, — ions as below : 

H,SO, —> 2H* +SO,— 

The H* ions drift towards the positive plate, while SO, ions move towards 
the negative plate of the accumulator. The chemical reactions take place at the 
two plates of the accumulators as given below : 

At the negative plate : 

Pht SO. 2e7 

At the positive plate : 

PHOS 2H 12'¢) —-> PhO © 
PbO + H,SO, ——» PbSO, + H,O 


PbO, + H,SO, +2H* + 2e — > PbSO, + 2H,O 


Therefore, during discharging, the materials of each plate is converted into 
PbSO,. The lead sulphate produced in these reactions is a soft form and is chemically 
more active than the hard lead sulphate. Further, H,SO, molecules do not exist in 
the solution as such. As said above, it dissociates into Ht and SO, ~ , Therefore, the 
reaction at positive plate may be written as below : 

PbO, +4H* +SO,° +2e —> PbSO4+2H,O 

Further, in the discharging reactions, sulphuric acid is consumed and water 
is formed. As a result, the specific gravity of the sulphuric acid falls. 

Charging. In order to charge a lead accumulator, it is connected to a battery 
charger capable of supplying e.m.f. greater than that of the lead accumulator. While 
charging an accumulator, a high series resistance is included in the circuit. In the 
absence of such a resistance, large current flows through the accumulator during 
charging. Due to this, a non-porus layer of PbSO, is formed on both the plates, which 

oes not decompose during subsequent charging. Further, the positive plate of the 
accumulator has to be connected to the positive terminal of the battery charger i.e. 
the battery charger has to force the charging current through the accumulator in the 
direction opposite to that of the discharging current. It will, then, make H*ions to 


move towards negative plate and SO, ions towards the positive plate. The 
following chemical reactions take place at the two plates : 


At the negative plate : 
PbSO; + 2H +2 e&.——> Pb + H,SO, 
At the positive plate : 
PbSO, +SO,° —2e° ==> PhO) #2503 


2 SO, +2 H,O — 2 H,SO, 


PbSO4 +2H,O +SO,— —-2e —> PbO 48 2H S04 


Therefore, during the charging process, PbSO, at both electrodes is converted 
back into spongy lead (Pb) at negative plate and PbO, at positive plate. Further, in 
the charging reactions, water is consumed and sulphuric acid is produced. As a 
result, the specific gravity of the sulphuric acid rises. 


ME 4.19. EDISON ALKALI CELL 

It is also called nickel-iron (Ni-Fe) cell. Its positive plate consists of a number 
of tubes of perforated steel ribbon, wound spirally and held together by steel rings. 
The tubes are nickel plated. The active material consisting of Ni(OH), and flakes 
of metallic nickel are packed into the nickel plated steel tubes in alternate layers. 

The negative plate is made from finely perforated nickelled steel strip, stamped 
into pockets. The pockets are filled with powdered iron oxide. 

The plates are separated from one another by hard rubber strips. The chemical 
changes during charging and discharging can be represented by the following 
reversible reaction : 


Key point v 


During charging of a storage cell, curren 
from the battery charger flows into th 
cell. As a result, the terminal potentia 
difference between the two terminals of 
storage cell during charging is more thai 
its e.m.f. It is because, potential dro 


across internal resistance of the cell aid 


its e.m.f. 


Key point V 


While charging a storage cell, a larg 
resistance is put in series with the storag 
cell. In case, it is not done so, a larg 
current flows through the storage cell. ] 
is rendered useless due to the formation o 


-anon-porus layer of dickens on _ = 


of the accumulator. 


Ni (OH), + KOH + Fe === Ni (OH), (OH), 
The e.m-f. of the fully charged cell is 1-45 volt and it falls to 1-2 volt on discharge. 
This cell is light portable and does not need special care. It is more durable and 
robust. Its internal resistance is greater than the lead accumulator and its efficiency 
is low. 


mame 4.20. CAPACITY OF A SOURCE OF E.M.F. 

The capacity of source of e.m.f., such as an accumulator, is measured in ampere 
hour. 

The capacity of a source of e.m.f. is called one ampere hour, if it can discharge one ampere 
of current for one hour. 

For example, a lead accumulator having capacity of 80 ampere hour can supply 
8 ampere of current for 10 hours or 4 ampere current for 20 hours. 


mee 4.21. BUTTON CELL 


The button cells are usually pallet type flat in construction and look like a button 
in shape. Owing to their small sizes, they are used in small electronic devices so as 
to minimise space and weight. Different types of button cells have been developed 
which make use of positive and negative electrodes of different nature. However, 
all types of button cells are basically primary cells. . 

Fig. 4.08 shows the various parts of a zinc-air button cell. In this cell, zinc (in | TOP COVER 
powder form) acts as the negative electrode, while air as the positive electrode. It a 2 
contains potassium hydroxide as the electrolyte. The whole arrangement is made _ i. 
inside a small metal can having a small hole at its bottom. A layer of 
polytetrafluroethane (abbreviated as PTFE) allows air into the cell through the hole — [ 
but prevents the electrolyte from leaking out. PTFEis a chemically inert solid plastic o§ ————ees 


and is known by the trade names teflon and fluon. It is heat resistant and is stable — PTFE 


METAL CAN 


H SQ | 
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upto 300°C. Under the catalytic action of carbon, the oxygen from the air reacts with 


potassium hydroxide to form water. 


\ 
AIR HOLE 
Fig. 4.08 


A zinc-air botton cell provides an e.m.f. of 1-4 V. It is used in electronic devices, 
such as watches, pocket calculators, hearing aid, etc. A few other types of button 


cells are as listed below : 
1. Nickel-cadmium button cell 2. 


3. Silver-zinc button cell 4. 
5. Silver oxide button cell 6. 
8 NS aS a ROI eat ae cat aD 


Lithium-manganese button cell 
Alkaline manganese button cell 
Mercury oxide button cell 


SOLVED NUMERICAL PROBLEMS 


Type A. On Faraday’s first law of electrolysis 


Problem 4.01. For what time must a constant current 
of 2 A pass through a copper voltameter to deposit 1 g of 
copper on the cathode ? Given that the E.C.E. of copper 
B3-3 x10’ ke C?. ‘(H.S.S.C.E. 2002) 

Sol. Here,m=1g=10%kg;1=2A; 

z=3-3e00 Kot 

From Faraday’s first law of electrolysis, 

m= zit 
m 10° 


“T ZL 88x10 x2 
Problem 4.02. A steady current deposits 0-15 g of 
copper in 15 minutes from CuSO, solution. An ammeter 
in series with the voltameter reads 0-6 A. What correction 
is to be applied to the ammeter reading ? Given that E.C.E. 
of copper = 3-3 x 10-7 kg C1. 
Sol. Here, m = 0-15 g = 0-15 x 10° kg ; 
Zoe x 10? ke 
= 15 minutes = 15 x 60 = 900s 
Let I be the current passed through CuSO, solution. 
Then 


-= 1515-25 


0:5A 


zt 3-3x10~” x 900 


The value of current noted from ammeter, I’ = 0-6 A 
Therefore, correction to be applied to the ammeter 
reading, 
I-l’=05-06=-0-1A 
Problem 4.03. A brass rectangular plate 12 cm x 3 cm 
is to be electroplated with copper. If we wish to coat it with 
a layer 0-02 mm thick on both sides, how much time will it 
take with a constant current of 5 A ? Given E.C.E. for copper 
is 33 x 10° g C1 and density of copper is 8-9 g cm™. 
Sol. Total area of the plate to be coated 
= 2 x (12 x 3) cm* = 72 cm? 
Thickness of copper layer to be coated 
= 0-02 mm = 0-002 cm 
Therefore, volume of the copper to be deposited 
= 72 x 0-002 = 0-144 cm? 
Mass of the copper to be deposited, 
m = volume x density ' 
= 0-144 cm? x 8-9 g cm = 1.2816 g 
Let t be the time taken to deposit the copper. Then, 


m=Z it 
Here, Z=33%100 eC oh=5A 
om 1-2816 


= =  —_=7778 
zl 33x10" x5 


Problem 4.04. A silver and a copper voltamet 
connecied in parallel across a 6 V battery of negligible 
internal resistance. In half hour, 1 g of copper and 2 g of 
silver are deposited. Calculate the rate at which the energy 
is supplied by the battery. Given, the E.C.E. of copper is 
3294 x 10-7 g C-! and that of silver is 1118 x 10° g C1. 
Sol. Let z, and z, be the E.C.E. of silver and copper 
respectively and m, and m, be the masses of the silver and 
copper deposited. If I, and I, be the currents through the 
silver and copper voltameters, then 
m,=2,1,t ay) 
and My = Zy I, t, ... (il) 
where f is the time for which current flows through each 
electrolyte. 
Here, m,=2g¢;m,=18 it = hour =1800 s 
Z, = 1118 «10° ¢ C13 2Z, = 2204 IO ne eae 
Therefore, from equations (i) and (ii), we have 
Hip we 


l= ; =0-994A 
Z;f 1118x10° x 1800 
Also, from equation (ii), we have 
m2 : = 1-687 A 


zat 3294x107” x 1800 
Total current drawn from the battery, 
I=1, + 1, =0-994 + 1-687 = 2-681 A 
Power of the circuit, 
P =current x e.m.f. = 2-681 x 6 = 16-086 watt 
Problem 4.05. A silver and copper voltameter are con- 
nected in series with a 12 V battery of negligible resistance. 
It is found that 0-403 ¢g of silver is deposited in 15 minutes. 
Find (a) the mass of the copper deposited and (b) the energy 
supplied by battery. Given that 
E.C.E. of silver = 1-12 x 10 kg C! and 
that of copper = 3-3 x 10-7 kg C1. 
Ans. Here, mass of silver deposited, 
m, = 0-403 g = 0-403 x 109 kg 
E.CE. of silver, z, = 1-12 x 10% kg C1; 
E.C.E. of copper, z, = 3:3 x 107 kg C1! 
Time for which current is passed, 
t= 15 minutes = 15 x 60 = 900s 
E.M.F. of battery, E = 12 V 
(a) Since the two voltameters are in series, the same 
current passes through each of them. If I is current through 
the two voltameters, then 
m,=Z,ltandm,=z,It 


pad ya 
My Zo 
Zz 0-403x 10° x 3-3x 107 
or My =m, X—= 


zy 1-12x 10° 
= 0-119 x 103 kg 
(b) The energy supplied by the battery = EI t 


-7[24); 

Zt 

_ 12x 0-403 x 10° 
ia x 10-0 


Problem 4.06. A copper voltameter is connected in 
series with a coil of resistance 100 ohm. A steady current 


(@s my, =2Z1 I t) 


=4-32x10° J 


n¢ 
deposits 0-1 g of copper. How many joule of heat 
generated in the coil ? Take electrochemical equivalent 


copper 3-3 x 10-7 kg C71. (C.B.S.E. 19 
Sol. Here, R = 100 ohm ; 
t= 10 minutes = 60 x 10=600s; 
z=33x%/107% kg Ct ;'m=0-Tg =10Rs 
m=zIt 
m 10-* 
zt 3-3x10~” x 600 
Heat produced in the resistance coil, 
Q=PRt = (0-505)? x 100 x 600 = 15301-5. 
Type B. On Faraday’s second law of electrolysis 


Problem 4.07. The mass of hydrogen (H,) evolved | 
unit coulomb of electricity passed through a wa 
voltameter is 1-05 x 10° kg C1. The corresponding figu 
for copper deposited in a copper voltameter and sil 
deposited in a silver voltameter are 3-29 x 10-7 kg C1 a 
1-12 x 10-6 kg C“! respectively. What conclusion is imp! 
by these measure-ments ? Predict the amount of it 
deposited per coulomb in a voltameter with Fe electro 
in FeCl,. Relative atomic masses of hydrogen, copper, sil 
and iron are1-008, 63-54, 107-9 and 55-85 respectively. 

(Text Probl 


Now, 


or | re =0-505A 


Sol. For water voltameter : 
Atomic mass of hydrogen = 1-008 ; valency = 1 
Therefore, chemical equivalent, 
E, = as =1-008 g mole! 
Also, mass of hydrogen liberated, . 
m, = 1-05 x 10-8 kg C+ 
m, _1-05x10* 
Ey 1-008 
For copper voltameter : 
Atomic mass of copper = 63-54 ; valency = 2 
Therefore, chemical equivalent, 


E, = SOF = 31-77 gmole™ 


=1-0417 x10 


Also, mass of copper deposited, 
My = 3-29 x 107 kg C1 
my 3:29x107 
E> 31-77 
For silver voltameter : 
Atomic mass of silver =107-9 ; valency = 1 
Therefore, chemical equivalent, 


E3 = ee =107-9¢ mole! 


=1-0356 x 10-8 


Also, mass of silver deposited, m, = 1-12 x 10 kg ( 
m3 _1-12x10~ 


2 = 1-0380x 107° 
E3 107-9 
m2 M3 
It foll that L Deo ils: 
OLLOWS a Ey E> E3 
m 
or —= constant 


Therefore, these measurements lead to the verificat 
of Faraday’s second law of electrolysis. 


For iron voltamete 
Atomic mass of iron = 55- 85 ; valency = 3 
Therefore,chemical equivalent, 


E,= 22 Pies 18-617 g mole! 
If m, is mass of iron deposited, then 
gE ys 4. 
E, Ey, 
or mg = 5) X Bq =1-0417 x 10-* x 18-617 


1 
= 1-94 x 10-7 kg Ct 

Type C. On Faraday constant 
* Problem 4.08. A steady current of 10-0 A is maintained 
in a copper voltameter. Calculate the time required to depo- 
sit 2-5 g of copper. Relative atomic mass of copper = 63-5. 
oi F = 96500 C molt. 

(C.B.S.E. 1991 ; Pre-degree Kerala, 1991) 
Sol. Here, m = 2-5 g¢;1= 10-0 A; F = 96500 C mol! ; 
relative atomic mass of copper = 63-5 ; valency = 2 
Therefore, chemical equivalent of copper, 


E= ie = 31-75 ¢ mole! 
Now, m=z1t== 11 
mF 2-5x 96500 
or t= = =759-8s 


El © 31-75x10-0 

Problem 4.09. In a copper plating experiment, the 
difference between final and initial mass of the cathode 
is measured carefully and is found to be 16-43 g. The 
time duration of electrolysis is noted to be 4000 s. The 
steady reading of current in an ammeter placed in series 
with the voltameter is 12-6 A. What is the error in the 
ammeter reading ? (F = 96485 C mol-!, relative atomic 
mass of Cu = 63-54). 

Sol. Here, m = 16-43 g ; t = 4000 s ; F = 96485 C mol! ; 

atomic mass of Cu = 63-54 ; valency of copper = 2 

Therefore, chemical equivalent of copper, 


p= 22" = 31.77 ¢ mole" 
Now, m=z1t==I1 
or po ME pdb 2OR Ee non adi 


Et 31-77 x 4000 
The value of current as noted from the ammeter = 12-6A 
Therefore, error in the ammeter reading 
= 12-6 — 12-474 = 0-126 A (reads more) 

Problem 4.10. A steady potential difference of 1-62 V 
is maintained across two platinum electrodes placed in a 
solution of CuCl,. At the end of 600 s, the mass of copper 
deposited on the cathode is measured to be 5-92 g. The 
back e.m.f. of the voltameter is given to be 1-34 V. Estimate 
the resistance of voltameter. Faraday constant = 96500 C 
mol-}, relative atomic mass of copper = 63-5. 

Sol. Here, f= 600s ; m=5-92 g ; F = 96500 C mol! 


Back e.m.f. produced = 1- 34 v 
Therefore, net e.m.f. of the voltameter, 
V =1-62 — 1:34 = 0- 28 volt 
Atomic mass of copper = 63-5 ; valency of copper = 2 


Therefore, chemical equivalent of copper, 


p=" -31.75g mole” 


Now, m=21t=—11 
Be } 5: 
a i” 4 92x 96500 _ 49.99 A 
Et  31-75x600 
Therefore, resistance of the voltameter, 
Re ee mbt 2830 Hey 15 else hO 
I 29-99 


Type D. On Charging of storage battery 
Problem 4.11. A storage battery of e.m.f. 8 V, internal 


resistance 1Q is being charged by a120 V d.c. source using 
a 15 Q resistor in series in the circuit. Calculate (a) the 
current in the circuit, (b) terminal voltage across the battery 
during charging and (c) chemical energy stored in the 
battery in 5 minutes. (C.B.S.E. 2001) 

Sol. Fig. 4.09 shows the circuit used to charge a storage 
battery of e.m.f. E and internal resistance r with the help of 
source of e.m.f. E’ and external resistance R. 


E=8V 


Fig. 4.09 
B=8Vern=TO?R=150, 
E’ = 120 V and t = 5 minutes = 5 x 6=3005s 
(a) Let I be current in the circuit. Then, 


Here, 


p20 —- 8 a 


~ total resistance 1541. 

(b) Since current due to d.c. source flows into the storage 
cell, the potential difference across the internal resistance of 
the storage cell aids its e.m.f. Therefore, terminal voltage 
across the battery during charging, 

VEE+Tr=8+7*1=15-V 
(c) The total energy supplied by the d.c. source, 
E’ It = 120 x 7 x 300 = 252000 J 

The energy dissipated as heat, 

P (R+ nt = (7)? x (15 + 1) x 300 = 235200 J 

Therefore, energy stored in the battery 

= energy supplied by the d.c. source 
— energy dissipated as heat 
= 25200 0— 235200 = 16800 J 
Alternative method 
The energy stored in the battery, 
EIt=8 x 7 x 300 = 16800 J 


net e.m.f. 


Problem 4.12. A Jelly current of 10-0 A is passed 
through a water voltameter for 300 s. Estimate the 
volume of H, evolved at standard temperature and press- 
ure. Use the value of Faraday constant as 96500 C mol". 
Relative molecular mass of H, is 2-016 and molar volume 
= 22-4 litres (volume of 1 mole of an ideal gas at S.T.P.). 
Text Problem) 

Sol. Here, l= 10:0 A; ¢t = 300s 

Therefore, charge passed, q = 1 t = 10-0 x 300 = 3000 C 

Molar mass of hydrogen = 2-016 


Hydrogen molecule is diatomic. 
Therefore, atomic mass of hydrogen = ane = 1-008 
Valency of hydrogen = 1 : 
Therefore, chemical equivalent of hydrogen, 
E == 1-008 g mole”! 
Therefore, charge required to liberate one molar mass of 


hydrogen = ee x 2-016 = 96500 x 2C 
1-008 


Now, one molar mass of hydrogen at S.T.P. occupies 
volume = 22-4 litres 

Therefore, volume of hydrogen evolved at S.T.P. on 
passing 3000 C of charge, 


~_*2'4 _ , 3000 = 0-3482 litre 
96500 x 2 


Problem 4.13. The potential difference across the 
terminals of a battery of e.m.f. 12 V and internal 
resistance 2 © drops to 10 V, when it is connected to a silver 
voltameter. Calculate the silver deposited at the cathode in 
half an hour. Atomic weight of silver is107-9 g mol. 
(C.B.S.E. 1998) 
Ans. Here, atomic weight of silver = 107-9 g mol! 
E.M.F of battery, E=12V; 
Internal resistance of the battery, r = 2 Q 
Terminal potential difference of the battery on connecting 
the voltameter, V = 10 volt 
If R is resistance offered by silver voltameter, then 


EY 
r= “amu xR 
iH 2x1 
or R=rx Mr es 0-100 
Bis Masule ool) 
Therefore, current passing through the silver voltameter, 
BOR? Sloe 


Since valency of silver is 1, its chemical equivalent is 
given by f ° 
_ atomic weight _ 


a =107-9¢ mol! 


valency 


Q. 4.01. Are all pure liquids bad conductors of 
electricity ? 
Ans. All pure liquids are not bad conductors of electricity. 


For amomous. ‘brilliant & curious Students 


We know that Faraday constant, F = 96500 C mol"! 
Therefore, electrochemical equivalent of silver, 
« Ei Oye: cl 
~ F 96500 ' 
If m is mass of silver deposited in half an hour 2.e. 180 
s, then 


DEERE 107-9 
96500 


x1x 1800 =2-01¢g 


Problem 4.14. In a silver plating system, an electrolysi 
BD cocrent of 5-0 A is used for a certain time and 0-5 mc 
of silver is deposited. How many moles of copper and iro 
will be deposited in their respective plating system, if a 
electrolysis current of 10-0 A is passed for twice the time fc 
silver plating ? (Relative atomic mass of silver = 107- 
of copper = 63-54, of iron = 55-85). Take Faraday constar 
as 96500 C mol". (Text Problerr 

Sol. For silver: Here, 1=5-0A; 

silver deposited = 0-5 mole 

Silver is monoatomic and its valency is 1. Therefore, it 
molar mass is same as its chemical equivalent. 

Now, charge required to liberate 0-5 mole (0:5 chemicz 
equivalent) of silver, 

q = 96500 x 0-5 C 


Now, g=It 
Therefore, time for which current is passed, 
96500 x 0-5 
p= 1-2 * > ~ 96505 
I 5:0 


For copper: Here, 1=10A;t=9650 x28; 
atomic mass of copper = 63-54 ; valency = 2 
Therefore, chemical equivalent, 


eee Ae Ee 63-54x 10 x 9650 x 2 
F 2 x 96500 
Since copper is monoatomic, therefore, its rsolar mass 
equal to its atomic mass 1.¢.63-54. 
Hence, one mole of copper will be liberated- 
For iron: Here, 1=10A;t= 9650 x 2s; 
atomic mass of iron = 55-85, valency = 3 
Therefore, chemical equivalent, 
ES 2 g mole™! 
E 55:85 10x 96502 2 
Now, m=—1lt=————__—_—_ 
F 3 x 96500 pia 
Since iron is monoatomic, its molar mass is also 55-85. 


= 63-54 ¢ 


x 55-85 g 


Hence, ; mole of iron will be deposited. 


FREQUENTLY ASKED VERY SHORT ANSWER QUESTIONS 


With Answers/Hints 


For example, mercury in pure form is a liquid and is a goo 
conductor of electricity. 
Q. 4.02, What is electrolysis ? 
Ans. Refer to section 4.03. 


(PS.S:C.EV 1999 


electricity but does not undergo electrolysis on passage of 
the electric current. 

Ans. Mercury is a liquid which is good conductor of 
electricity and it does not undergo electrolysis on passing 
current through it. 

Q. 4.04. What is difference between a voltameter and 
a voltmeter ? (PS.S.C.E. 1999, 1998 S) 

Ans. Whereas voltmeter is an instrument used to 
measure potential difference, voltameter is a vessel used to 
carry out electrolysis of an electrolyte. 

Q. 4.05. What are the carriers of current in a copper 
voltameter normally ? (P5u. 2b. 997S) 


Ans. Normally, Cu** and SO, ions are considered as 
carriers of current in a copper voltameter. 
_ Note. In a copper voltameter, the electrolyte is copper 
sulphate dissolved in water. Copper sulphate dissociates into 


Cutt and SO, ~ ions, while water dissociates into H* and 


OH ions. Therefore, in a copper voltameter, the carriers of 
current are Cu’? , H*, SO, and OH ions. 

Q. 4.06. What are cations ? (H.P.S.S.C.E. 2000) 

Ans. The positive ions, which collect at cathode during the 
process of electrolysis, are called cations. 

Q. 4.07. What are anions ? (HGPS:S;G.E.2000) 

Ans. The negative ions, which collect at anode during the 
process of electrolysis, are called anions. 

Q. 4.08. If pure water is used, no electrolysis takes place. 
Why ? 

Ans. It is because, pure water does not dissociate into 
ions. 

Q. 4.09. Are the drift speeds of positive and negative 
ions equal to each other in the electrolysis of an electro- 
lyte ? Ga sists, 1992) 

Ans. The drift speeds of positive and negative ions are 
not equal in the electrolysis of an electrolyte. 

Q. 4.10. Explain V — I graph for a copper voltameter. 

(PS S.C. bu 2001; CBee 200l S) 

Ans. The V —I graph for the copper voltameter is a 
straight line [Fig. 4.10]. It indicates that the electrolyte used in 
copper voltameter obeys Ohm’s law. It may be pointed that 
V-I graph remains a straight line, till the current is made not 
too high. 


Q. 4.11. How is the electrical conductivity of an 
electrolyte affected by increase of temperature ? 
(P.S:S.C.E; 2001, C.B.S.E.1995) 
Ans. Due to increase of temperature, the electrical 
conductivity of an electrolyte increases (resistance of 
electrolyte decreases). 


ions deposited with time aan electrolysis, when a steady 
current is passed during the process. (C.B.S.E. 2002) 
Ans. From Faraday’s first law of electrolysis 
m=zI\It 
When a steady current is passed during electrolysis, 
m = constant x f 
The above equation represents a straight line. Hencc, 
graph between mass of ions deposited with time will be a 
straight line, when steady current is passed during electrolysis. 
[Fig. 4.11] 


m1 


Fig. 4.11 
Q. 4.13. Fig. 4.12 shows mass deposited (m) versus time 
(t) graph of a voltameter for two currents I, and [,. Is 1, more 
than, less than or equal to I, ? 


O { —— 


Fig. 4.12 
Ans. From Faraday’s first law of electrolysis, 
mel 
From Fig. 4.12, it follows that in a given time, mass 
deposited is more for current I, than I,. Hence, current I, is 
greater than current I,. 
Q. 4.14. Are electrochemical equivalent and chemical 
equivalent of a substance same ? (H9.9.1C.E;.1992) 
Ans. No, electrochemical equivalent and chemical 
equivalent of a substance are not the same quantities. 
Q. 4.15. Define Faraday constant. 
(P.S.S.C.E. 20024 Ho.9.C.k..2000) 
Or 
Define one faraday of charge. (H.S.S.C_E..1995) 
Ans. One faraday is the quantity of charge required to liberate 
one gram equivalent of the substance on an electrode during the 
process of electrolysis. It has a value of 96500 coulomb mole™!. 
Q. 4.16. Can we make use of a.c. in electrolysis ? Explain 
briefly. (H.PS.S.C.E. 2000, 1998 S) 
Or 
Why can’t we use alternating current for producing 
electrolysis ? (P.S.S.C.E. 1998) 
Ans. No, we cannot use a.c. for carrying out electrolysis. 
If a.c. is used, the electrolysis will take place alternately in 


' opposite directions and hence no deposit of ions will take 


place on any electrode. 

Q. 4.17. Name a few practical applications of the 
phenomenon of electrolysis. 

Ans. A few practical applications of electrolysis are 
electroplating, purification of metals, chemical analysis, 
electrolytic capacitors, etc. 


Ans. No, electromotive force does not have the unit of 
force. It has the unit of work done per unit charge. 

Q. 4.19. What is the most important property of a 
standard cell ? (TSC Ero?) 

Ans. The standard cell is one, whose e.m.f. does not vary 
practically with time and temperature. 

Q. 4.20. Name a few primary cells. 

Ans. Simple voltaic cell, Daniel cell, Leclanche cell, 
Bunsen cell. 

Q. 4.21. Name the electrolyte in a simple voltaic cell. 

Ans. In a simple voltaic cell, the dilute sulphuric acid is 
used as electrolyte. 

Q. 4.22. Mention two defects of a voltaic cell. 

(OB:S.E; 2001; 71.5.8.C,E51999) 

Ans. Local action and polarisation. 

Q. 4.23. What is ploarisation in a simple voltaic cell ? 

(PS.Si\CE: 2002) 

Ans. When the H* ions reach the copper rod ina simple 
voltaic cell, they extract electrons from it so as to form 
hydrogen atoms. It results in the formation of a neutral layer 
of hydrogen gas on the copper rod, which weakens the action 
of the cell. 

Q. 4.24. Name the metals, which are used to make a 
positive and negative poles in a (i) Daniel cell (ii) Leclanche 
cell. 

Ans. In both the cells, zinc is used to make negative pole 
of the cell. Whereas in Daniel cell, copper is used to make 
positive pole, carbon is used to make the positive pole in 
Leclanche cell. 

Q. 4.25. Name the electrodes, which act as anode and 
cathode in a Daniel cell. 

Ans. In a Daniel cell, the copper vessel acts as cathode, 
while zinc rod acts as anode. 

Q. 4.26. Name the depolarisers in Daniel cell and 
Leclanche cell. 

Ans. Copper sulphate solution and manganese dioxide 
respectively act as depolarisers in Daniel and Leclanche cell. 

Q. 4.27. Give the role of MnO, in a dry cell. 

(CBSE. 20027 FS.S.C_E. 2007) 
Or 
What is the function of MnO, in Leclanche cell ? 
(PS.5.C.E. 2002 ; H.S.8.C.E, 1993'S) 

Ans. By converting hydrogen gas into water, MnO, 
prevents hydrogen gas from causing the defect of polari- 
sation. As such, MnO, is said to act as depolariser. 


AM RE RN 


Q. 4.01. What is the difference between the electric 
conduction in the solutions and metals ? 

Ans. The conduction of electricity in metals is due to the 
drift of free electrons, while the conduction of electricity in 
electrolyte is due to the movement of positive and negative 
ions. Further, during electric conduction, whereas no chemical 
change takes place in metals ; the chemical decomposition 
takes place in electrolytes. Further, whereas no matter is 
transported during electric conduction in metals, matter is 
transported in the form of positive and negative ions in case 
of electrolytes. 


FREQUENTLY ASKED SHORT. ANSWER QUESTION: nis 


Ans. A dry cell is portable form of a Leclanche cell. 
Q. 4.29. What is the function of saw dust ina dry cell? 
6 prc prs Cod i Reece 
Ans. To keep ammonium chloride moistened. 
Q. 4.30. You are given a primary and a secondary cel 
of the same e.m.f. From which cell, will you be able to drav 


larger current and why ? (C.B.S.E. 1994 

Ans. As the internal resistance of a secondary cell is les 
than that of a primary cell, the secondary cell will provide 
higher value of current. 

Q. 4.31. Name the carriers of electric current in a voltai 
cell and a lead accumulator. (Text Question 

Ans. Both in voltaic cell anda lead accumulator (bein; 
charged by an external supply), the carriers of electric curren 
are H* and SO, ions. 

Q. 4.32. Which type of cell would you want to use, i 
your device required (i) a current of 100 A for 20 s (ii) 
current of 10 mA occasionally ? (Text Question 

Ans. (i) A lead accumulator having very low interna 
resistance. (ii) A dry cell. 

Q. 4.33. What do you mean by capacity of a storag 
cell ? 

Ans. The capacity of a storage cell implies its ability t 
supply electrical energy. 

Q. 4.34. Define the unit for measuring the capacity o 
a storage cell ? 

Ans. The capacity of a storage cell is measured i: 
ampere-hour. 

Storage capacity of a cell is called one ampere hour, if it cai 
supply one ampere of current for one hour continuously. 

Q. 4.35. A storage battery is marked a capacity of 3-5 / 
h at 1h discharge rate. What does this signify ? Would th 
cell provide 14 A for 15 minutes ? 

Ans. It indicates that the storage battery can supply . 
current of 3-5 A for 1 hour. If a large current is drawn, th 
battery exhausts at a faster rate than expected. Therefore, i 
will not provide 14 A current for 15 minutes. 

Q. 4.36. Under what condition, can we draw maximun 
current from a secondary cell ? (C.B.S.E. 2001 


Ans. The maximum current can be drawn from. 
secondary cell, when its internal resistance is minimum. 


oR 


With Answers/Hints 
Q. 4.02. Conductivity of electrolytic solutions is mucl 
lower as compared to that of the metals. Give reasons. 
(C.B: SE. 1999181996 
Ans. 1. Number of ions in electrolytes is very small a 
compared to number of free electrons in metallic conductors 
2. Due to large mass, the mobility of ions in electrolyte 
is very low as compared to that of electrons in metalli 
conductors. 
Q. 4.03. Why is the conductivity of molten electrolyte 
smaller than common metallic conductors ? 
RES. EI19GISS 


ions Dt it cannot conduct electricity. It is because, its ions are 
not mobile as such. When NaCl is in molten state, the ions 
acquire a small mobility. Hence, it can conduct electricity, 
which is very small as compared to that of metallic conductor. 
lt may be pointed out that the conductivity of NaCl further 
increases on dissolving it in water. 

Q. 4.04. What are conductors of the second kind ? 

Ans. The electrolytes, in which the current is conducted 
through the ions, are called the conductors of the second kind. 
The metals are called the conductors of the first kind. The 
current is conducted in metallic conductors by the free 
electrons. 

Q. 4.05. Briefly explain the dissociation theory of 
electrolysis. (H.S.S.C.E. 2001) 

Ans. Refer to section 4.04. 

Q. 4.06. Why are electrolytes dissociated, when 
dissolved in liquids ? (H.S.S.C.E. 2001) 

Ans. The polar molecules of a liquid, such as water have 
a large value of dielectric constant (= 80). When an electrolyte 
is dissolved in a liquid, the ionic bonds between the ions of 
the electrolyte become very weak. Then, the thermal energy 
of the ions takes the ions away from each other leading to the 
lissociation of the electrolyte. 

Q. 4.07. Explain the theory of electrolysis. 

(H.S.S.C.E. 2001) 

Ans. Refer to section 4.04. 

Q. 4.08. Explain, what do you understand by back 
>.m.f. in an electrolytic cell. 

Ans. The e.m.f. that exists due to contact difference of 
otential between two different materials is called back e.m.f. 
it sends a current through the electrolyte in a direction 
pposite to that sent by the externally applied e.m.f. 

Q. 4.09. The anode of the silver voltameter is made of 
silver. Why ? 

Ans. When current is passed through silver nitrate in 
silver voltameter, silver ions (Ag*) move towards cathode and 
1itrate ions (NO3 ) towards anode. The silver ions deliver 
sharge on the silver cathode and become silver atoms. On the 
ther hand, nitrate ions on reaching the anode form silver 
uitrate, which goes into the silver nitrate solution. In this 
nanner, whereas the concentration of electrolyte is 
naintained, the mass of cathode increases and that of anode 
Jecreases. So that this process goes on, it is essential that in a 
silver voltameter, anode should be made of silver. 

Q. 4.10. State Faraday’s laws of electrolysis. 

bas ar 2002, Fo. C-E, 2001, 1999. ? 
PS.S.C.E. 1999 S ; C.B.S.E. 1994, 1991, 1990) 

Ans. For Faraday’s laws of electrolysis, refer to section 
L.07. 

Q. 4.11. Draw a neat labelled diagram of a copper 
7oltameter. Define electrochemical equivalent of a 
ubstance. (H.S.S.C.E. 2002) 

Ans. For diagram of copper voltameter, refer to Fig. 4.01. 

_ Electrochemical equivalent of a substance. [t may be 
lefined as the mass of the substance deposited at the cathode, when 
me coulomb of charge passes through the electrolyte. 

Q. 4.12. Define electrochemical equivalent. Give its 
inits. (C.B.S.E. 1992) 
Ans. Refer to SAO 4.11. 


tameters with different electrolytes 
in Solano same mass is deposited when the currents in the 
two are in the ratio of 1: 2 and times of deposit are in the 
ratio of 2:3. What is the ratio of electrochemical equivalents 
of the electrolytes in the two cases ? 
(C.B.S.E. 2001 S) 
Ans. From Faraday’s first law of electrolysis, 
m=zlit 

Let I, and I, be the currents passed for times ¢, and | 
respectively through the two electrolytes. Further, let z, ia 
2, be their electrochemical equivalents. Since same mass of the 
ions is deposited in the two cases, 


Zprutly'&® ty 
He 1G ea ays or —=— x= 
gt 4 DD a Z5 I; ty 
I 1 t Z 
Here, ber and AMS 
lous. 2 tr 3 
t 
i.e 123 win and Ebene 
1, tf 2 
si lag ae 
Zo 2 


Hence, the ratio of electrochemical equivalents of the two 
electrolytes is 3:1. 
Q. 4.14. Explain, how you can use a voltameter for 
measuring current. IS/SIGE.. 1992) 
Ans. A voltameter can be used to measure current 
indirectly. Suppose that on passing current through an 
electrolyte for a known time t, the increase in mass of the 
cathode is m. Then, 
m=zlit, 
where z is electrochemical equivalent of the substance. It 
follows that 
eee 
aE 
Knowing m1, t and z, the value of current passed through 
the electrolyte can be calculated. 
Q. 4.15. A voltameter measures current more accurately 
than an ammeter. Why ? 
Ans. A voltameter measures current indirectly in terms 
of mass of ions deposited and £.C_E. of the substance 


"3 


Since values of m and z are measured to 3rd decimal place 
(upto one milligram) and 5th decimal place (refer to the values 
of z from tables) respectively, the relative error in the 
measurement of current by voltameter will be very small as 
compared to that when measured by ammeter directly. 

Q. 4.16. How can the accuracy of a given ammeter be 
determined with the help of copper voltameter. 

(F994 E: 1999 9 24. Bio. 1998 5) 

Ans. By passing current for a known time f, mass of 
copper deposited on the cathode is measured. Since m =z It, 


we have 
m 
{=— 
zt 
Knowing m, t and z (electrochemical equivalent of 
copper), the current I flowing through the voltameter can be 


calculated. The comparison of the calculated value of current 


I with the value noted from the ammeter gives the accuracy. 


of the ammeter. 

Q. 4.17, How the process of electrolysis can be used to 
find zero error in an ammeter ? 

Ans. As explained above, the current passed through an 
electrolyte can be calculated by noting m, t and z in an 
experiment. If the ammeter is also put in the circuit, the 
difference in the calculated value of I and the reading of 
ammeter gives the zero zero for the ammeter. 

Q. 4.18. State and explain Faraday’s second law of 


electrolysis. (H.S.S.C.E. 2002) 
Ans. Refer to section 4.07. 
Q. 4.19. Define chemical equivalent and 


electrochemical equivalent of a substance. Establish the 
relationship between the two. 
(CB.S.E. 1997-7 H.P.S.Soks 1997) 
Ans. Chemical equivalent. The chemical equivalent of an 
element is defined as the ratio of its atomic weight to the valency of 
its atom. 


SAR haa 
Thus, chemical equivalent, E = atomic weight 
valency 


Electrochemical equivalent. Electrochemical equivalent of 
a substance may be defined as the mass of ions liberated, when one 
coulomb of charge passes through the electrolyte. 

For relation between chemical equivalent and electro- 
chemical equivalent, refer to section 4.07. 

Q. 4.20. What is electrolysis ? What is the relation bet- 
ween electrochemical equivalent and chemical equivalent 
of a substance ? (H.S.S.C.E. 2002) 

Ans. Electrolysis. The process of liberating free elements from 
an electrolytic solution, when electric current is passed through it, 
is called electrolysis. 

Relation between electrochemical equivalent and 
chemical equivalent. It is given by 


—=constant 


z 
Q. 4.21. Define Faraday constant. How is it related to 
E.C.E. of a substance ? 
Ans. For definition of Faraday constant, refer to section 
4.08. 
Faraday constant and E.C.E. of a substance are related to 
each other by the relation 
E 
es 
where E is chemical equivalent of the substance. 
Q. 4.22. Explain the process of electroplating. 
(P.S.S.C.E. 2002) 
Ans. Refer to section 4.09. 
Q. 4.23. What is the difference between primary and 
secondary cells ? Give one example of each. 
(P.S.S.C.E. 2002, 1994 ; H.S.S.C.E. 2002 ; 
Pre-degree Kerala, 1991) 
Ans. An electrochemical cell, which cannot be recharged 
and the chemicals have to be replaced, is called a primary cell. 
On the other hand, an electrochemical cell in which the 
chemicals of the cell can be recharged again and again is called 
a secondary cell. A Leclanche cell is an example of a primary 
cell, while a lead-acid cell is a secondary cell. 
Q. 4.24, Name the two defects of a simple voltaic cell. 
How these defects can be eliminated? (PS.S.C.E. 1996) 


local action and polarisation. 
For removal of these defects, refer to section 1.05. 
Q. 4.25. What do you mean by local action in a vol! 

cell ? How is it elliminated ? 


Ans. The zinc rod used in the voltaic cell contains tra 
of iron and lead. When such a zinc rod is dipped in dil 
sulphuric acid, tiny voltaic cells are formed locally on the z 
rod. Due to the electric currents set up in these local cells, z 
is converted into ZnSO,, even when the cell is not in use. T 
defect in a voltaic cell is called local action. 

Q. 4.26. Draw a labelled diagram of a Daniel cell. 

(H.S:S:C.E. 2002; 2001; PS.S:C.E, 1999:5..'G Boo body 

Ans. Refer to Fig. 4.04. 

Q. 4.27. Draw a labelled diagram of Daniel cell. W 
is the function of copper sulphate and sulphuric a 
solutions used in it ? (C.B.S.E. 19 

Ans. For labelled diagram, refer to Fig. 4.04. 

Ina voltaic cell, a neutral layer of hydrogen gas is forn 
on the copper rod (anode). It weakens the action of the cell < 
this defect in voltaic cell is called polarisation. 

However, it does not happen so in a Daniel cell, w1 
dilute sulohuric acid and copper sulphate solutions are us 
In this cell, the hydrogen ions formed due to the reactior 
zinc with dilute sulphuric acid, react with copper sulph 
solution so as to form sulphuric acid again. As such, 
polarisation due to hydrogen can take place due to the us: 
copper sulphate solution. The copper sulphate solution is s 
to act as depolariser. 

Q. 4.28. Draw a labelled diagram of Leclanche cell 

(H:S:S.:G.E; 2002; 2001 -P.S,5, G.Eb199) 

Ans. Refer to Fig. 4.05. 

Q. 4.29. Draw labelled diagram of a Leclanche c 
Write the function of charcoal and manganese dioxide u: 
in its porus pot. (PS.S.C,E01999.5C.B, Seb 15 

Ans. For labelled diagram, refer to Fig. 4-05. 

In a Leclanche cell, manganese dioxide is used 
depolariser. The hydrogen ions formed due to the reactio1 
zinc with ammonium chloride solution enter the porus 
through its pores. Inside the porus pot, the hydrogen ions re 
with MnO, to form Mn,O3. However, by taking oxygen fr 
the atmosphere, Mn,O, gets oxidised to MnO, again. ° 
charcoal powder is used in order to make manganese diox 
electrically conducting and its use helps in decreasing 
internal resistance of the cell. 

Q. 4.30. A Leclanche cell is used, when constant sup 
of electric current is not required. Why ? 

Ans. The e.m.f. of a Leclanche cell falls, if it is u: 
continuously. It is because of the partial polarisation due 
accumulation of hydrogen gas. In case, Leclanche cell is u 
in experiments, where current is drawn after short brea: 
then during each break, hydrogen gas escapes and Mn, 
converts into MnO, by taking oxygen from the atmosph« 
As a result, the cell regains its original e.m.f. 

Q. 4.31. Draw a neat, labelled diagram of a dry cell 

(H.S.S.C.E. 20 

Ans. Refer to Fig. 4.06. 

Q. 4.32. Why a series resistance is put while charg 
a storage cell ? ve ye 


1 cas ‘Fe Cul ws through the 
cell during charging, then a non-porous layer of PbSO, is 
formed on the plates, which does not decompose during 
subsequent recharging. As a result, the storage cell is 
rendered useless. 

Q. 4.33. A storage cell should not be short circuited. 
Why ? 

Ans. During short circuiting, a large current flows 
through the cell and as said in SAQ 4.32, a non-porous layer 


we Q. 4.01. Molten sodium chloride conducts electricity, 
= while sodium chloride below its boiling point is non- 
conducting liquid. Why ? (Text Question) 
_ Ans. Sodium chloride is ionic in solid state. But in the 
solid state, ions are bound. When sodium chloride is in molten 
state, the ions become free to move. Due to this reason, molten 
sodium chloride conducts electricity. 

Q. 4.02. The solution of HCl in water is strongly 
e conducting. Why ? (Text Question) 

Ans. HCl is not ionic and therefore in molten state, it is 
not conducting. When HCl is dissolved in water, the hydrogen 
molecules having great affinity for H,O molecules, react with 
water and CI ions are set free. Asa result, the solution of HCl 
in water becomes strongly conducting. 

Q. 4.03. Why do some covalent salts (e.g. Al,Cl,), which 

are not ionic in solid state, become conducting, when 
dissolved in water ? (Text Question) 
Ans. Some covalent salts, which are not ionic and hence 
non- conducting become conducting when dissolved in water. 
The reason is that the metal ions in covalent salts have strong 
affinity for water and react with water. The ions other than 
metal ions in the salts are set free. These ions act as current 
carriers. It explains how the covalent salts when dissolved in 
water become conducting. 

Q. 4.04, What is a strong electrolyte and a weak elec- 

trolyte ? Give examples. (Text Question) 

Ans. Strong electrolytes. Those electrolytes, which are more 

Ir less completely ionised in their solutions are called strong 
lectrolytes. For example, HCl, NaOH and NaCl. 

Weak electrolytes. Those electrolytes, which are ionised to 

1 small extent in their solutions are called weak electrolytes. For 
example, NH, Cl, CH;COOH and H, CO3. 
_Q. 4.05. What causes the dissociation of the solute 
molecules in the solution ? (Text Question) 
Ans. The ionic bonds between the ions of the solute are 
weakened by the polar molecules of the solvent like water. 
ue to this, the ions of the solute get dissociated. The chaotic 
notion of the solvent and solute molecules helps in the process 
of dissociation. 

Q. 4.06. Define international ampere. 


Ans. In 1910, the International Conference of Weights 
ind Measures defined the unit of current (ampere) on the basis 


1. Give the ionic theory of electrolysis. 
2. Explain the terms : electrode, anode, cathode, anion, cation, 
electrolyte, chemical equivalent, gram equivalent, 


For ambitious, brilliant & curious Students 


r ot decompose duri 
charging and the cell is rendered useless. 

Q. 4.34. Why is the terminal voltage across a battery 
more than its e.m.f. during recharging? (C.B.S.E. 1998 S) 

Ans. During charging, the positive plate of the 
accumulator is connected to positive terminal and its negative 
plate to the negative terminal of the battery charger. As a 
result, the terminal voltage across the battery becomes more 
than its e.m.f. 


ey S oe ve & 
te See 


of the electrolysis of the silver salt and ampere defined in this 
manner is called international ampere. 

From Faraday’s first law of electrolysis, we have 

m=z\it 

Suppose that I= 1 ampere, t=1s 

Then, NOFA AK Nas 

Now, value of z for silver is 0-001118 g C71. 

Hence, international ampere is defined as the steady current, 
which when passed through a silver voltameter, deposits 0.001118 

g of silver in one second on the cathode. 
ee Q. 4.07. A simple voltaic cell has an e.m.f. equal to 0-1 
V. When the circuit is open, is there a net field, which 
would give rise to a force on a test charge (i) inside the elec- 
trolyte of the cell (ii) outside the cell ? (Text Question) 

Ans. (i) Inside the cell, there are two fields. One field is 
the electrostatic field between the plates due to the e.m.f. of 
the cell and another field is of non-electrostatic origin. 
However, the two fields just balance each other and 
consequently net field inside the cell is zero. 

(ii) Outside the cell, the net field is the electrostatic field 
between the two plates of the cell. 

Q. 4.98. Consider a voltaic cel] in open circuit with 

copper plate at higher potential w.x.t. zinc plate. Since 
the electrolyte separating them is a conducting medium, 
why are the positive and negative charges on the electrodes 
not neutralized immediately ? (Text Question) 

Ans. The positive and negative charges on the two 
electrodes are prevented from being neutralized by the non- 
electrostatic field existing inside the cell. The electrostatic field 
is opposed by the non-electrostatic field. 

Q. 4.09. During the action of voltaic cell, copper rod is 

positively charged and zinc rod is negatively charged. 
However, copper rod is called cathode and zinc rod is called 
anode. Why ? 

Ans. The electrode of the cell, at which oxidation reaction 
(release of electrons) takes place is called anode ; while the 
electrode, at which reduction reaction (addition of electrons) 
takes place is called cathode. 

Since in voltaic cell, oxidation and reduction reactions 
take place at zinc and copper rods respectively, zinc rod is 
called anode and the copper rod is said to act as cathode. 


“REQUENTLY ASKED SHORT ANSWER QUESTIONS | 


Carrying 3 Marks 
electrochemical equivalent and faraday. 

3. What are (1) copper voltameter (ii) silver voltameter (iii) 
water voltameter ? Discuss. 


De 


6. 


10. 


11. 


4. 


What is electrolysis ? State its laws. 


(P.S.S.C.E. 2002, 2000) 
State and explain Faraday’s laws of electrolysis. 
CHESS: C/E: 2000 (PSS:E-Be D999 PM HESI.C 2b. 1997'S) 1997) 
State Faraday’s laws of electrolysis. Draw a labelled circuit 
diagram to illustrate deposition of copper on a given 


metallic object. (C.B.S.E. 1995) 
What is electrolysis ? State and explain Faraday’s laws of 
electrolysis. (2.S.S.C.E. 2001) 
State Faraday’s law of electrolysis. Derive the relation 
connecting chemical equivalent and electrochemical 
equivalent of an element. (C.B.S.E. 1999, 1996) 
State Faraday’s laws of electrolysis. How is Faraday 
constant related to E.C.E. of a substance ? 

iPS. S.C.Bat 996) 
Prove that Faraday constant F= ae and hence define 


Faraday constant. (H.P.S.S.C.E. 2902) 


Define Faraday constant. How is Faraday constant related 
to E.C.E. of a substance ? 

(BS:S.C.E} 1999 y, FP.S.S.G.E. 1996) 
Write notes on: (a) Electroplating (b) Refining of metals by 
electrolysis. 


(a) State Faraday’s laws of electrolysis and the definition 
of strong electrolyte. (HS: S.C: E4995) 
(b) Discuss a method to determine the electrochemical 
equivalent of a substance. 

(a) State and explain Faraday’s laws of electrolysis. Define 
electrochemical equivalent. (CB, Ss: bal 992) 


\. FREQUENTLY ASKED NUMERICAL PROBLEMS | 


Type A. On Faraday’s first law of electrolysis 


How long will it take to deposit 1-5 g of silver by a constant 
current of 0-75 A in a silver voltameter ? Given E.C.E. of 
silver 0-001118 g C1}. [Ans. 29 minutes 49 seconds] 
It is desired to deposit 0-315 kg of copper on the cathode 
of a copper voltameter. How long will it take to deposit this 
amount, if.a steady current of 10 Ais maintained ? Given 
that E.C.E. of copper = 3-15 x 10-7 kg C71. 
(H.P.S.S.C.E. 1998 S) [Ans. 1,000 s] 
Calculate the value of current required to deposit 0-972 g of 
chromium in 3 hours. E.C.E. of chromium is 0-00018 g C-!. 
[Ans.0-5A] 
A copper voltameter and an ammeter are connected in 
series with a battery through a resistance. In 150 minutes, 
2-97 g copper is deposited on the cathode plate. The am- 
meter reads 0-95 A. Calculate the error in the reading of 
ammeter. Given that E.C.E. of copper = 3-3 x 104 g C1. 
(C.B.S.E. 2000 S) [Ans. Reads 0-05 A less] 
An ammeter is suspected to be giving incorrect reading of 
current. To check the error, it is connected in series with a 
copper voltameter. When a steady current is passed 
through the voltameter for one hour, 2-02 g of copper is 
deposited. If the ammeter reads 2 A, what is the error in 
it ? Given that E.C.E. of copper is 0-00033 g Ct. 
[Ans. Reads 0-3 A more] 
A steady current deposits 0-15 g of copper in 15 minutes 
from copper sulphate solution. An ammeter in series read 
0:5 A. What is the correction to be applied to the ammeter 


14. 


15. 
16. 


17. 
18. 


19. 
20. 
21. 


22. 


FREQUENTLY ASKED LONG ANSWER QUESTIONS | 


10. 


11. 


Write two advantages and two  disavain kanes of a secc 
dary cell over a primary cell. (C’B.S-E. ‘19S 
Explain the construction and action of a simple voltaic cé 
What is a source of e.m-.f. ? Describe the construction ai 
working of a Daniel cell. 
Explain with the help of a labelled diagram, the cor 
truction and working of a Daniel cell. (CB Shu 9S 
What is a primary cell ? Give the construction aj 
necessary theory of Leclanche cell. 
Name the defects of voltaic cell. How are they removed 
Leclanche cell ? Draw its labelled diagram. 

(BS 5. babe. 
Draw a labelled diagram of a Daniel cell. Write down t 
chemical reactions taking place at the anode and t 
cathode. (C.B.5.E.19S 
Draw a labelled diagram of a dry cell. Explain its acti 
with the help of chemical reactions taking place at catho 
and anode. 
With the help of a suitable diagram, explain the constr 
tion and working of a dry cell. (COB:S:E> 195 


Carrying 5 Marks 


(b) Show that the Faraday’s constant is equal to the prod 
of Avogadro number and the electronic charge. 

What is the difference between a primary and a seconda 
cell ? Describe the action of a lead-acid cell with the he 
of a diagram and the reactions taking place inside. Expl 
in brief the charging and discharging process ina lead ac 
cell. 


For Practice 


reading ? Given E.C.E. of copper = 3:3 x 104g Ct. 
(Pre-degree Kerala, 1992) [Ans. Reads 0-005 A mo 
Asilver and a copper voltameter are connected in paral 
toa 12 volt battery having negligible internal resistance. 
half hour, 1 g of silver and 1-8 g of copper are deposite 
Calculate the rate of dissipation of energy from the batte 
Given that E.C.E. of copper is 3294 x 10-” g Cand that 
silver is 11180 x 1077 g Cl. [Ans. 42-4 wa 
Asilver and a copper voltameter are connected in series wi 
a 12-0 V battery of negligible internal resistance. 0-806 g 
silver is deposited in half an hour in the silver voltamet 
Calculate (i) magnitude of current flowing in the circuit a: 
(ii) mass of copper deposited in the copper voltamet 
during the same period. Given that E.C.E. of silver 1-12 

10-6 kg C-land E.C.E. of copper =3-3 x 107 kg Ct. 

(C.B.S.E. 1998) [Ans. (i) 0-4 A (i) 0-238 
A copper voltameter is in series with a heater coil 
resistance 0:3 Q. A steady current flows in the circuit for 
minutes. A mass of 0-99 g of copper is deposited at t 
cathode. If the electrochemical equivalent of copper 
0-00033 g C1, calculate the heat generated in the coil ? 
(C.B.S.E. 2000) [Ans. 1500 
A copper voltameter is connected in series with a coil 
resistance 20 ohm. A steady current is passed through t 
circuit for 10 minutes and it deposits 0-1 g of copp 
Calculate the amount of heat generated in the coil. T 
E.C.E. of copper is 0-000329 g C"!. [Ans. 3079-55 
A plate of area 10 cm? is to be electroplated with copr 
to a thickness of 0-001 cm on both sides using a batte 


Ibe 


of 10 volt. Calculate the energy spent in the process. 

Density of copper is 8-9 g cm™ and E.C.E. of copper is 
0-00033 g Cl. [Ans. 5393-94 J] 
A spoon having 10 cm? area is to be electroplated with 
silver. A current of 0-12 Ais passed for 48 hours through 
the electrolyte. Calculate the thickness of silver deposited. 
Given that density of silver = 10-5 x 10° kg m3 and E.C_E. 


of silver = 1-118 x 10° kg Ca [Ans. 2-2 mm] 


Type B. On Faraday’s second law of electrolysis 


13. 


14. 


15. 


16. 


17. 


A copper voltameter is connected in series with a silver 
voltameter. When same current is passed through both the 
voltameters for same time, 1-5 g of silver is deposited on 
the cathode of the silver voltameter. Calculate the copper 
deposited on the cathode of the copper voltameter. Take the 
chemical equivalents of silver and copper as 108 and 31-5 
respectively. [Ans. 0-4375 g] 
Two voltameters are connected in series and are arranged 
to deposit copper and silver respectively. How much 
copper will be deposited in copper voltameter, if 1 g of 
silver is deposited in silver voltameter. Given that chemical 
equivalents of copper and silver are 31-5 and 108 
respectively. [Ans. 0-292 g] 
Two voltameters are connected in series. One of them is 
water voltameter and the other is copper voltameter. How 
much oxygen will be liberated in the water voltameter, 
when 0:5 g of copper is deposited in the copper voltameter ? 
Chemical equivalents of copper and oxygen are 32 and 8 
respectively. [Ans. 0-125 g] 
Find the strength of current that deposits 0-777 g of 
metallic copper in half an hour in a copper voltameter. 
The atomic weight of copper is 63, E.C.E. of hydrogen is 
1-036 x 10 g C"! and chemical equivalent of hydrogen 
is 1-008. [Ans. 1-333 A] 
Find the value of Faraday constant by considering the 
electrolysis of NaCl. Given that atomic weight of Na = 23 
and E.C_E. of Na = 2383-4 x10’ gC. (PS.S.C.E. 1999) 

[Ans. 96500 C] 


egg, iy 


Type C.On Faraday constant 
18. 


19. 


20. 


21. 


Given that 96500 C of charge liberates 1 gram-equivalent 
of a substance. How long will it take for a current of 0-15 
A to deposit 500 mg of copper from a copper sulphate 
solution ? Take chemical equivalent of copper as 32. 
[Ans. 167-54 minutes] 
It is desired to deposit 0-54 kg of silver per hour on the 
cathode of silver voltameter, whose resistance is 0-72 mQ. 
How much potential difference must be maintained 
between the plates of the voltameter during electrolysis. 
Use the known vlaue of Faraday constant. Relative atomic 
mass of silver is 108.. [Ans. 96-4 mV] 
A current of 1 A is passed through a dilute solution of 
sulphuric acid for some time to liberate 1 g of oxygen. How 
much hydrogen is liberated during this period ? How long 
was the current passed ? Given that Faraday constant = 
96500 C mole. [Ans. 0-126 g ; 201 minutes] 
MISCELLANEOUS PROBLEMS 


One ampere current flows for one minute through a silver 
voltameter. It deposits 0-067 g of silver on the cathode. 
Calculate (a) the electrochemical equivalent of silver. (0) 
How much charge will be required to deposit 108 g of silver 
? (c) How much charge is carried by silver ion ? Given that 
Avogadro number = 6-024 x 107° per kg mole. 

(Roorkee 1981) 


[Ans. (a) 1-1167 x 10-° kg C1 (b) 9-67 x 104 C (c) 1-6 x 10°? C] 


22. 


In producing chlorine through electrolysis, 100 kW 
power of 125 V is being consumed. How much chlorine 
per minute is liberated ? Given that E.CE. of chlorine = 
0-367 x 10% kg Cl. (Roorkee 1982) 
[Ans. 1-762 x 10 kg] 

A charged capacitor of capacitance 5 x 10-7 F is 
discharged through a resistor of 20 © and a copper 
voltameter of internal resistance 30 Q is connected in 
series to it. If 4-62 x 10 kg of copper is deposited, 
calculate the heat generated in the resistor. Given that 
E.C.E. of copper = 3:3 x 10-7 kg CT. (M.N.R. 1994) 
[Ans. 784 J] 


om SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FOR PRACTICE 


iz 


12. 


Proceed as in solved problem no. 4.01. 


Proceed as in solved problem no. 4.01. 
Now, m=zIt or Liteiaie 
ak 
0-972 
or =05A 


t= 9-00018x 3x 60X60 

Proceed as in solved problem no. 4.02. 

Proceed as in solved problem no. 4.02. 

Proceed as in solved problem no. 4.02. 

Proceed as in solved problem no. 4.04. 

(i) Proceed as in problem no. 3. 

(ii) Proceed as in solved problem no. 4.05. 

Proceed as in solved problem no. 4.06. 

Proceed as in solved problem no. 4.06. 

Mass of copper deposited, 
m=(2A)xdxp=2-x 10x 0-001 x 8-9 g 

Energy spent in the process, W = V If 


m 
But m=zIt or sina ™ 


w= Vxm_2x10x0-001x8-9 
M4 0- 00033 
Let d be thickness of silver deposited. 


Therefore, mass of silver deposited, 
m=Adp=10x 10*xd x 10-5 x 10° = 10-5 dkg 


= 5393-94 J 


13. 


Now, m=Z\t 
or 10-5 d = 1-118 x 10° x 0-12 x 48 x 60 x 60 
or d=2:2x10°m=2-2 mm 


Sf tae Eo: 1-5X3155 
= x - = 
: : E, 1-8 
Proceed as in problem no. 13. 
Proceed as in problem no. 13. 


Chemical equivalent of copper, 


= 0-4375 g 


_ atomic weight _ 63 


E =31-5 


valency 2 
Chemical equivalent of hydrogen, E, = 1-008 
E.CE. of hydrogen, z, = 1-036 x 10° gC! 
Therefore, E.C.E. of copper, 
E, _ 1:036x10” x 31-5 


Zy = Z2 X* 


Bo 1-008 
= 3.2375 x 104g C1 
Now, I=—2 we =1333A 


zXt 3-2375x10 4x 30x 60 


oy 


18. 


age 


20. 


PCI] r) 
_ atomic ie welene © 


ys 
iif Wr 
valency 1 
E 
NS ge ee cee = 96500 C 
Z 2383°4x 10 
E bp mh raaa 
Now, 2===+-=—=3-316x 1074g C"! 
CB. 9650 ; 
-3 
Risse peienptnetenier oes emae etn eee 
I 3-316x10 *x0-15 
= 167-54 minutes 
_ atomic weight _ 108 _ 108 
valency il 
E..» 108 vs 1 
Now, 2=—=———_ =) Dx ec 
Ow 2 F-96500 R 
=1-12 x 10*kg Cc! 
Also, [=~ = is = 133-93 A 


zt 1-12x107°x 60x 60 
Therefore potential difference to be applied, 
V =I R= 133-93 x 0-72 = 96-4 mV 
Here, chemical equivalent of oxygen, E, = 8, 
chemical equivalent of hydrogen, E, = 1-008 
and mass of oxygen deposited, m, = 1g 
Therefore, mass of hydrogen liberated, 


_ Ep 1x1-008 
mam X= gO g 
ging 7 
Ps On pjox sg acs! 
Me bitak 6500 6 
ad Cie MR AO CaS EE FT 


zXI 8-29x10°x1 
= 201 minutes 


22) 


23. 


ys Si . 
= 11167 x 10% kg C4 
108 x 10° 
(b) Also, q=—=————- = 9-67. x 10 C 
z  1-1167x10 


(c) Since 108 is chemical equivalent of silver, the quantity 
of charge of 9-67 x104 C is the value of Faraday constant. 
Now, F=Ne 


Here, N = 6-024 x 10° per kg molecule 
= 6-024 x 1073 per gram molecule 
_F_ 9-67x104 
~N- 6-024x 10” 

Current passed through voltameter, 


3 
phon 100 x 10 =800 A 
Vv 125 
Now, m =z It = 0-367 x 10-® x 800 x 60 = 1-762 x 10 kg 
Charge passing through copper voltameter due t 
discharge of capacitor, : 


~6 
*62X 
be tiene 62 ue =4Ac 

1 Be te PG A, 
Therefore, energy stored in the capacitor before it 
discharge, 

met q° 14x 14 

2. C a 85M A0S 
When the capacitor discharges, energy stored in th 


=16x10%C 


= 1960 ‘fh 


‘capacitor will generate heat both in series resistance (R) an: 


in the copper voltameter due to its internal resistance (R;,, 
Therefore, heat generated in series resistance R, 
UxR _ 196020. 
Se) 


“R+R, 20+30 
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Thermoelectric Effect 


fm 5.01. THERMOELECTRICITY 


We know that when electric current is passed through a resistance, electrical 
energy gets converted into heat energy. This phenomenon is known as Joule heating. 


If we reverse the direction of flow of current, heat is still produced in the resistance. Key point nf 


Thus, Joule heating is an irreversible phenomenon and it cannot be used to convert 
heat into electrical energy. 

From thermodynamics, we know that heat can be converted into mechanical 
energy and it led to the development of heat energies. However, heat can be 
converted into electrical energy by making use of a thermocouple. 


Joule heating is not a reversible effect. 


A thermocouple is an arrangement of two suitable dissimiliar metallic wires (wires of Fe 
different materials) joined at their ends to form junctions. | | 

Fig. 5.01. shows a Cu-Fe thermocouple obtained by joining the copper and iron 
wires at their ends. When one junction of the thermocouple is kept cold and the other HOT COLD 
hot, a small e.m.f. (~ a few /V) is developed, which sends current through it. The JUNCTION JUNCTION 
e.m.f. so produced is called thermo-e.m.f. and the current so produced is called om G) 
thermo-electric current. The flow of current can be detected by including a sensitive 
galvanometer in the thermocouple. The electrical energy is produced at the expense Fig. 9.01 
of a net amount of heat absorbed in the thermocouple. 

The conversion of heat into electrical energy by using a thermocouple is called Key point Vv 
thermoelectricity. 


A thermocouple produces thermo-e.m.f. 


In a Cu-Fe thermocouple, current flows from copper to iron through hot by converting heat into electric energy. 


junction as shown in the figure. 
gue 5.02. ORIGIN OF THERMO E.MF. 


A conductor always contains free electrons. The number of free electrons per 
unit volume in a conductor depends upon the nature of its material. Further, the 
number of free electrons per unit volume, called electron density, increases with rise 
in temperature. 

When two metallic wires of different materials are joined at their ends to form 
a thermocouple, electrons from a metal having greater electron density diffuse into 
the other with lower value of electron density. Due to this, a small potential difference 
is established across the junction of the two metals. The potential difference so 
established is called contact potential and its value depends upon the temperature 
of the junction. Obviously, if the two junctions are at the same temperature, the 


contact potentials at the two junctions will be equal. The equal contact potentials Self-test Questions 7 
at the two junctions tend to send equal currents but in opposite directions ; and as 
such no net current flows through the thermocouple. No current flows through a thermocouple, 


However, if one of the two junctions is heated, then diffusion of electrons at when its two junctions are at the same 
the hot junction becomes more and likewise the contact potential at the hot junction temperature. Why ? 
also becomes more than that at the cold junction. Hence, when the two junctions 
of a thermocouple are at different temperatures, a net e.m.f., called thermo-e.m.f. 
is produced. 


gee 5.03. SEEBECK EFFECT 


The phenomenon of producing thermoelectric e.m.f. (or thermoelectric current) in a 
thermocouple by keeping its two junctions at different temperatures is called thermoelectric 
effect. 

This effect was discovered by Thomas Johann Seebeck in 1821, which after his 
name is also known as Seebeck effect. 

Seebeck effect can be demonstrated with any two dissimilar metals. As said 
earlier, in a Cu-Fe thermocouple, the current flows from copper to iron through hot 
junction and from iron to copper through cold junction. 


297 | 292-305-B 


Cause of Seebeck effect. Suppose that a current I flows through the 
thermocouple, when its two junctions are kept at different temperatures. The two 
wires used to make the thermocouple and the galvanometer have got some 
resistance, say R. It implies that an amount of electrical energy I? R is being converted 
into heat every second. It is natural to ask, where is this energy coming from ? 
Obviously, there must be a source of e.m.f. somewhere in the thermocouple, which 
is causing the flow of current. Experimental studies showed that a thermocouple 
constantly absorbs some heat (Q) from the hot junction and rejects a part of it (Q’)) 
to the cold junction. The net amount of heat absorbed (Q — Q’) is converted into 
electrical energy. Thus, a thermocouple acts like a heat engine and the net heat 
absorbed (QO — Q’) is the source of e.m.f. in the circuit. 

It may be pointed out that Seebeck effect, in fact, is the resultant of two effects*, 
namely Peltier effect and Thomson effect. 

Seebeck effect is reversible. Consider that a cell is put in the circuit so that it 
sends current in a direction from copper to iron through cold junction i.e. in a 
direction opposite to the direction of flow of current in a Cu-Fe thermocouple as 
shown in Fig 5.02. It is found that heat is now evolved (liberated) at the hot junction: 
and absorbed at the cold junction. In other words, the hot junction is found to become 
hotter and the cold junction colder than before. It shows that Seebeck effect is 
reversible in nature. 


gee 5.04. THERMOELECTRIC SERIES 


The magnitude and direction of the thermo-e.m.f. produced in a thermocouple 
depends upon the nature of the metals forming the thermocouple and to the 
temperature difference between the two junctions. Keeping this fact in view, Seebeck 
studied the behaviour of a many pair of metals. On the basis of his experimental 
results, he arranged a number of metals in the form of series, called thermoelectric 
series. Some of the metals forming the series are as below : 

Sb, As, Fe, Zn, Ag, Au, Mo, Cr, Sn, Pb, Hg, Mn, Cu, Pt, Co, Ni and Bi. 

It is also called Seebeck series. 

The following are two main uses of the thermoelectric series : 

1. To know direction of current. If a thermocouple is formed with wires of any 
two metals from the thermoelectric series, the direction of current will be from a metal 
occurring earlier in this series to the metal occurring later in the series through the cold 
junction. Therefore, in copper-iron (Cu-Fe) thermocouple, the current will flow from 
iron to copper through cold junction or from copper to iron through the hotjunction. 
The words Hot Coffee serve as an aid to remember the direction of flow of current 
in copper-iron thermocouple. In antimony-bismuth (Sb-Bi) thermocouple, the 
current flows from antimony to bismuth through the cold junction. The direction 
of flow of current can be remembered with the help of letters ABC, where A stands 
for antimony, B for bismuth and C for cold junction. 

2. To know magnitude of thermo-e.m.f. If two metals chosen to form the 
thermocouple are more widely separated in the series, then the thermo-e.m.f. 
produced (for the same temperature difference between the two junctions of the 
thermocouple) is also greater. As a rule, more the metals are separated in the 
thermoelectric series, greater is the thermo-e.m.f. produced. 

The thermo-e.m.f. produced for a difference of temperature equal to 100°C is 
about 60-0013 V for Cu-Fe thermocouple and about 0-008 V for Sb-Bi thermocouple. 
gee 5.05. VARIATION OF THERMO-E.M.F. WITH TEMPERATURE 


The magnitude of thermo-e.m.f. increases, when the temperature of hot 
junction is increased and the temperature of other junction (cold junction) is kept 
constant. 

To study the effect of difference of temperature between the two junctions, 
consider a Cu-Fe thermocouple. Its one junction is kept hot by immersing in oil bath, 
heated with a burner. The other junction is kept cold by immersing it in pounded 
ice and as shown in Fig. 5.03. The temperature of the hot junction can be measured 
by the thermometer T placed in the hot oil bath. 

As the temperature of the hot junction is increased by keeping the temperature 
of the cold junction constant at 0°C, the deflection in the galvanometer goes on 
increasing. The deflection in the galvanometer is directly proportional to the 
thermoelectric current and hence the thermo-e.m.f. The graph between thermo e.m.f. 


*For the discussion of Peltier effect and Thomson effect, refer to sections 5.09 and 5.11. 


Seebeck effect is reversible in nature. — 
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Key point J 


The thermoelectric series can be used te 
know the direction of flow of thermo- 
electric current in a thermocouple formed 
of two metals from the series. Further, i 
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d the temperature of hot junction is found to be parabolic in shape and is as shown 
in Fig. 5.04. As the temperature of hot junction is further increased, a stage comes, 
when the thermo-e.m.f. becomes maximum. 

The temperature of hot junction, at which the thermo-e.m.f. produced in the 
thermocouple becomes maximum, is called neutral temperature. It is denoted by 0,,. 
The value of neutral temperature : 
(i) is independent of the temperature of the cold junction of the thermocouple and is 
always constant for a given thermocouple. 
(ii) depends on the nature of the materials of the two metals used to form the 
thermocouple. 
For example, whatever may be the temperature of the cold junction, for Cu- 
Fe thermocouple, neutral temperature is always 270°C. psa On 9; 
As the temperature of the hot junction is further increased, the thermo-e.m.f. Bor ancnon 
decreases and ultimately becomes zero. If the temperature of the junction is still 
increased, direction of the thermo-e.m.f. reverses. Bre ae Fig. 5.04 
The temperature of the hot junction, at which the direction of the thermo e.m.f. reverses, 
is called the temperature of inversiox. It is denoted by 8,. 
The value of temperature of inversion : 
(i) depends on the temperature of the cold junction of the thermocouple and therefore 
is not constant for a given thermocouple. 
It is found that the temperature of inversion is as much above the neutral temperature 
as the neutral temperature is above the temperature of the cold junction. Thus, if 0. is 
temperature of the cold junction, then 
6,,-9,=9; — On 
ae (5.01) 
Therefore, the neutral temperature is the mean of the temperature of inversion 
6; and temperature of the cold junction 0, . For Cu-Fe thermocouple 6, = 270°. If 
cold junction is at 0°C, then it follows that 6; = 540°C. 
(ii) depends on the nature of the materials of the two metals forming the thermocouple. 
ga 5.6. RELATION BETWEENTHERMO E.M.F. ANDTEMPERATURE OF 
HOT JUNCTION 
When cold junction of a thermocouple is kept at 0°C and temperature of hot 
junction is increased, the graph between the thermo-e.m-f. and the temperature of 
hot junction is found to be parabolic in nature. Further, for a number of metals, the 
parabolic graph between thermo-e.m.f. (E) and temperature of hot junction was 
found to satisfy the simple relation 


1 
E=a0+— pe, (5.02) 


where a and f are constants, called thermoelectric constants. The value of these 
constants depend upon the nature of the two metals forming the thermocouple. F3")3 ee eye" 
However, the above relation between E and @ holds over a limited range of 
temperature. 

The following tabie gives the value of a and f for the thermocouples formed 
of the various metals with lead. These values of a@ and f have been found in the 
temperature range 200 K to 400 K. 


THERMO E.M.F. ——> 


or OPS 


Using equation (5.02), find the units of a 


The rate of change of thermo-e.m.f. with the change in the temperature of the hot junction yp ¥ 
is called thermoelectric power. Thermoelectric power is also called 


Thermoelectric power is also called Seebeck coefficient and is denoted by S. Seebeck coefficient. 


_4E (5.03) 


We know that thermo-e.m.f. varies with the temperature of the hot junction 
according to the relation 


B= 00+. Be" 


..(5.04) 
Differentiating both ee of sa (5.04) w.r.t. 8, we have 
dE 
=—(@0+—f90 a+pBe 
d@ dé 7G A: Ne p 
Therefore, equation (5.03) peepee 
dQ 


The equation (5.05) tells that if a graph is plotted between 6 (along X-axis) 
and dE/dé@ (along Y-axis), the graph will be a straight line having slope 8 and 


making intercept a on Y-axis. Thus, the graph between - and @ will be as shown 


in Fig. 5.05. 

We know that at the neutral temperature of the thermocouple, the thermo-e.m_f. 
is maximum i.e. rate of change of thermo-e.m.f. with temperature becomes zero. 
Therefore, 


when BG eo 
de 
Setting the above condition in equation (5.05), we have 
at+Bo@, = 
or 0,=-— ...(5.06) 
n B 


It gives the value of neutral temperature of the thermocouple in terms of its 
thermoelectric constants a and f. 


"=m 5.08. SEEBECK EFFECT—A RESULTANT OF TWO EFFECTS 

As said earlier, Seebeck effect is a resultant of two effects, called the Peltier effect 
and the Thomson effect. When the two junctions of a thermocouple are kept at 
different temperatures, the different parts of the two wires constituting the 
thermocouple are also at different temperatures. The e.m.f. developed in the 
thermocouple is partly due to different temperatures of the two junctions and partly 
due to different temperatures along the length of the two wires of the thermocouple. 
As explained below, Peltier effect accounts for the e.m.f. developed due to different 
temperatures of the two junctions, while Thomson effect is responsible for the e.m.f. 
developed due to different temperatures along the length of the two wires. 


Wg 5.09. PELTIER EFFECT 

This effect was discovered by the French physicist Jean Charles Peltier in 1834. 

Peltier found that when two metals, say bismuth and copper are connected to 
form a thermocouple, an e.m.f. exists across each of the two junctions of the 
thermocouple. In case of Bi-Cu thermocouple, copper is at higher potential as 
compared to bismuth. The e.m.f. across the junction of two metals increases with 
increase of temperature of the junction Let 2, abd mg be the e.m.fs. developed due 
to Peltier effect at the hot and cold junction respectively [Fig. 5.06]. The thermocouple 
is, thus, equivalent to a circuit containing two sources of e.m.f. 7, and zp, such 


that z, is greater than ag. Obviously, the resultant e.m-f. of the circuit is 7, - Hp. 


This resultant e.m.f. causes a current to flow from bismuth to copper at hot junction 
i.e. from a metal at lower potential to the one at higher potential. Since energy is 
required for current to flow from lower potential to higher potential, heat is absorbed 
at the hot junction. On the other hand, current flows from copper to bismuth at the 
cold junction i.e. from a metal at higher potential to the metal at lower potential. 
Hence, energy is evolved at the cold junction. 

This absorption or evolution of heat at a junction of two dissimilar metals, when a 
current is passed, is known as Peltier effect. 
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At neutral temperature of the thermo- 
couple, its seeback coefficient becomes 
zero, 


Key point VW 


The thermo-e.m.f. due to Seeback effect 
is resultant of e.m.fs. produced due to 
Peltier and Thomson effects. 
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er effect is reversible. If the direction of flow of current is reversed, heat 
will be evolved at the hot junction and absorbed at the cold junction. Thus, Peltier 
effect is reversible in nature. 

Peltier coefficient. The amount of heat energy absorbed or evolved per second at a 
junction, when a unit current is passed through it, is known as Peltier coefficient. It is 
denoted by 2. 

Suppose the cold junction of the thermocouple is at temperature T and hot 
junction at T+ dT. If dE is the thermo-e.m-f. produced, then it is found that 
nm dE 


T aT ..(5.07) 


aka ‘ pabhlag Me 
Here, —— is rate of charge of thermo-e.m.f. As said earlier, it is known as 


thermoelectric power or Seebeck coefficient (S). Therefore, equation (5.07 ) may be 
written as : 
m dE 
= eS (5.08) 


| T_ aT 

les 5.10. DIFFERENCE BETWEEN JOULE HEATING AND PELTIER EFFECT 
The tollowing points of difference can be drawn between Peltier effect and Joule 

heating effect of current : 


Heat evolved in the conductor varies directly as the square 
of the current passed. 

There is no change in Joule effect on reversing the direction 
of current i.e, whatever may be the direction of current, 
always heat is evolved. _ 


a __ It is always a he ting effect. oh 


hermoc 
gunn 5.11. THOMSON EFFECT 


Thomson discovered that when two ends of a conductor are kept at different 
temperatures, an e.m.f. develops between the two ends. For example, in case of Thomson effect accounts for the emf. 
copper wire, the hotter end is at higher potential [Fig. 5.07]. Therefore, when current developed in a thermocouple due different 
flows through a copper wire from the hotter to the colder end i.e. from end at higher _ temperatures along the length of each of 
potential to the end at lower potential, heat is evolved along the wire. As a result, the two wires forming the thermocouple. 
the copper wire will get heated. On the other hand, when current flows fromthe ~.~~—-~—S—~CS<C; 
colder to hotter end i.e. from lower to higher potential, heat is absorbed along the _ 


ay 

wire. It will result in cooling of the wire. A few other such metals are antimony, _ t pakcneirag ia mv" 
silver, zinc, etc. All other substances, are said to possess positive Thomson effect. = | aad : 

In the case of a bismuth wire, the hotter end is at lower potential as shown in i ! ry 
Fig. 5.08. Therefore, when current flows through a bismuth wire from the hotter to oO! Pees aranp 
the colder end, heat is absorbed along the wire and when current flows from the addi < aiaiT B 
colder to the hotter end, heat is evolved along the wire. A few other such metals BOL CURRENT ——> pea 
are iron, cobalt, platinum, etc. All such metals, are said to possess negative Thomson : 
effect. Saprilirsawver ai bet dDIy 

This absorption or evolution of heat along the length of a conductor on passing current 
through it, when its two ends are kept at different temperatures is known as Thomson effect. t 1 Ob ah 4 

For lead, Thomson effect is zero. Further, Thomson effect is also reversible in : er ay PIaql z 
nature. piel sie bon ‘Wile 

Thomson coefficient. The amount of heat energy absorbed or evolved per second _——‘' hey 
between two points of a conductor having a unit temperature difference, when a unit current 4 HEAT ABSORBE - 2 
is passed, is known as Thomson coefficient for the material of a conductor. It is denoted ; HOT Bi COLD 
by oO. _ END  CURRENT——> ~— END 
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Thomson coefficient of the material of a conductor is found by forming its uyeelaciae ee » Fig. 5.08. 


thermocouple with a lead wire (Thomson coefficient of lead is zero). It can be proved 
that Thorason coefficient of the material of conductor is given by 


oni (5.09) 
1 vols 
Now, Seebeck coefficient is given by 
"de 
4 ah 
dS d°E 
aT dT? 
2 
Thus, o=-T a) =— 5 e520) 


aT” aT 
guy ©- 12. THERMOELECTRICTHERMOMETER (To measure temperature) 
It is a device used to measure both low and high temperatures. 
Principle. It is based on Seebeck effect. 
Construction. A thermoelectric thermometer is basically a thermocouple. Two 
metals used to construct the thermoelectric thermometer are chosen depending upon 
the range of measurement of temperature as given below : 


Thermocouple Range of tempcrature 
Copper-gold and iron alloy 1K to50K 
Copper-constantan 50 K to 400 K 
Platinum-platinum and iridium alloy 400 K to 1300 K 
Platinum-platinum rhodium alloy 1500 K to 2000 K 


The wires to be used for forming the thermocouple are welded together at one 
end and this end forms the hot junction. The two wires near the hot junction are 
kept separate from each other by enclosing them in hard glass capilliary tubes (C.T.). 


The wires, then, pass through mica discs (D), which are arranged one above the other i 


in a porcelain tube T. The ends of the two wires are connected to the terminals T, 
and T, fitted on the lid of the porcelain tube. To shift the cold junction to a convenient 


place, two wires L, and L, made of same material as those used for making the _ 
thermocouple, are connected to the terminals T, and T, [Fig. 5.09]. The wires L, and _ 


L, are called compensating leads. 

Theory. Before measuring the temperature of an unknown hot body, a graph 
between thermo-e.m.f. and the temperature of hot junction is plotted, keeping cold 
junction at 0°C. The graph so obtained is called calibration curve of the thermocouple 


and it is as shown in Fig. 5.04. Then, to measure the temperature of the hot body, — 


one junction is kept at 0°C and the other junction is placed in contact with the hot 
body. The thermo-e.m.f. produced in the thermocouple is measured. The 
temperature of the hot body is read from the calibration curve against the measured 
thermo-e.m.f. It may be pointed out that instead of plotting calibration curve, the 
gailvanometer or the micro voltmeter included in the thermocouple may be 
calibrated, so as to directly read the temperature of the hot body. 

Advantages. A thermoelectric thermometer has following advantages over 
mercury thermometer : 

1. Thermoelectric thermometers have much wider range of measurement of 
temperature (from — 200°C to 1600°C). 

2. These thermometers are quite cheap and can be easily constructed. 

3. They are quiie sensitive and can measure temperature accurately up to 
0-05C. 

4. They can be used to measure the temperature of the specific part of a hot 
body. 

5. Due to the low thermal capacity of the junction of two metals, they attain 
the temperature of the hot body very quickly. As such, they are found to be useful 
for measuring rapidly varying temperatures. 

6. They form the basis of the radiation pyrometer for measuring temperature 
of a hot body from a distance. 

Disadvantages. 1. These thermometers are not direct reading thermometers 
and hence they cannot be used in experiments on calorimetery. 

2. Each thermoelectric thermometer has to be calibrated separately before 
using it to measure the temperature. 


Thomson effect may be positive 
or zero depending on the nature of met 


pares 


different 
thermoelectric thermometers (thermocouples made of different materials) have to 
pe used. 


3. For measurment of temperature over different ranges, 


M8 5.13. THERMOPILE (To detect heat radiation) 


It is a device used to detect and measure the intensity of heat radiations. It is 
based on Seebeck effect. 

Principle. For a given small difference in temperature of two junctions of a 
thermocouple, Bi-Sb thermocouple produces a comparatively large e.m.f. and it can 
be used to detect the heat radiation. When, a number of such thermocouples are 
connected in series, the arrangement becomes very much sensitive to detect heat 
radiation as the thermo-e.m.fs. of the thermocouples get added. 

Construction. A series combination of a large number of Bi-Sb thermocouples 
is enclosed in a funnel or a horn-shaped enclosure. 

The junction A of each thermocouple is coated with lamp black, while the 
junction B of each thermocouple is well polished and covered with insulating 
material. The extreme ends of the arrangement are connected to the terminals T, 
and T., across which a sensitive galvanometer is connected. Such an arrangement 
forms a thermopile and is as shown in Fig. 5.10. 

Working. When heat radiations fall on the funnel shaped end of the thermopile, 
the set of junctions A coated with lamp black absorb the heat radiation. As a result, 


the temperature of set of junctions A relative to junctions B rises and thermo-e.m.f. — 


is developed in each thermocouple. The thermoelectric current flows in the same 
direction (from Sb to Bi through cold junction) in all the thermocouples. Therefore, 
a large current flowing through the circuit produces deflection in the galvanometer, 
which in turn detects the heat radiation falling on it. 


8 5.14. APPLICATIONS OFTHERMOELECTRIC EFFECT 


The thermoelectric effect has the following important applications : 

1. To measure temperature. A thermocouple is preferred and used to measure 
temperatures in industries and laboratories for the following reasons : 

(i) Since the junction is very small, it absorbs only a very small amount of heat 

and therefore it does not change the temperature of the object. 
(ii) It quickly attains the temperature of the hot object. 
(iii) The accuracy in the measurement of temperature is quite high. 

2. To detect heat radiation. A thermopile is a combination of a large number 
of thermocouples in series. It can be used to detect the heat radiation and to note 
the small difference or the variation in temperatures, if any. 

3. Thermoelectric refrigerator. As discussed earlier, if a current is passed 
through a thermocouple, then due to Peltier effect, heat is removed at one junction 
and is absorbed at the other junction. In case, if on the whole, heat is removed, then 
the thermocouple acts as a thermoelectric refrigerator. The advantage is that it has 
no compressor. No doubt, the cooling effect produced is much low as compared to 
that in case of a conventional refrigerator. A thermoelectric refrigerator is used, when 
the region to be cooled is very small and the noise is not acceptable. The thermo- 
couple used as a thermoelectric refrigerator should have following three 
characteristics : 

(i) Itshould have low resistivity. Otherwise, loss of energy in the form of heat 
will be large. 

It should have low thermal conductivity. It will help in maintaining large 
temperature difference between the two junctions. 

It should produce high thermopower. 

Researches have shown that these requisites are met best by the 
semiconductor Bi, Te3. 

4. Thermoelectric generator. Thermocouples can be used to generate 
thermoelectric power in remote areas. It may be done by heating one junction in a 
flame and exposing the other junction to air. The thermo-e.m.f. developed has been 
used to power radio receivers, etc. 


(ii) 


(iii) 


Key point se 


When n identical thermocouples are 
connected in series, thermo-e.m.f. pro- 
duced by the arrangement is n times the 
thermo-e.m.f. produced by a singie 
thermo-couple for a given difference 
between the temperatures of the two 
junctions. 
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Fig. 5.10 


Type A. On Neutral temperature andTemperature of 
inversion 
Problem 5.01. In a given thermocouple, the tempera- 
ture of cold junction is 15 °C, while the neutral tempera- 
ture is 270 °C. What is the value of the temperature of in- 
version ? 
Sol. Here, temperature of cold junction, 6, =15 °C ; 
neutral temperature, 6, = = 270°C 
If 6; is temperature of inversion, then 
6;=26,, -0,=2 x 270-15 = 540 - 15 = 525 °C 
Problem 5.02. The cold junction of a thermocouple is 
kept at 10 °C. Calculate the temperature at which thermo- 
e.m.f. would be maximum. Given that the thermo-e.m.f. 
changes sign at 800 K. 
Sol. Here, temperature of cold junction, 6, = 10°C 
Thermo-e.m.f. changes sign at temperature of inversion. 
6; = 800 K = 800 — 273 = 527 °C 
When the temperature of the hot junction is equal to 
neutral temperature for thermocouple, thermo-e.m.f. 
produced is maximum. The neutral temperature is given by 


0;+0, 527+10 


6,= = 268-5°C 


2 
Problem 5.03. Near room temperature, the thermo- 
e.m.f. of copper-constantan thermocouple is 40 V °C-! at 
room temperature. What is the smallest temperature diffe- 
rence that can be detected with single such thermocouple 
and a galvanometer of 100 ohm resistance capable of 
detecting currents as low as 10 ampere ? 


Problem 5.05. The e.m.f. E of a Cu-Fe thermocouple 

varies with the temperature 0 of the hot junction (cold 
junction at 0 °C) as 

E (uV) = 14 6 - 0-02 62 
Determine the neutral temperature. 
| (H.S.S.C.E. 2001 ; C.B.S.E. 1990) 

Sol. Here, the thermo-e.m.f. of thermocouple at 

temperature 6 of hot junction, 


E (uV) = 146 -0-02 (i) 
The expression for thermo-e.m.f. is given by." 
B=00+— p27 ..(ii) 


Comparing the equations (i) and (ii), we have 
a= 14 pV °C1sB =~ 0-04 pV °C# 
Now, neutral temperature, 


PR aaah bee = 
B -~0-04 
Aliter. Here, E = 14 6- 0-02 62 sad) 


The thermo-e.m.f. is maximum at neutral temperature. 
In other words, 
dE 


when 0=86,, Fr =0 ENG) 
Differentiating the equation (i) w.r.t. 0, we have 
dE 


— =14-0:02x20=14-0-040 
dé 


Applying the condition given by equation (ii), we have 
0=14-0-0406, or 6,=14/0-04=350°C © 
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Sol. Resistance of galvanometer = 100 Q 
Least current that can be detected = 10° A 
Therefore, least e.m.f. that can be detected 
='100'% 107°'2054'V 
e.m.f. ee hicaliey per °C in the thermocouple 
= 40 nV =40x 107° V 
Therefore, least temperature that can be detected 


Pe ercnneh es 
. 40x 10 
Type B. On Thermo-e.m.f. 


Problem 5.04. Calculate the thermo-e.m.f. of a silve 
iron thermocouple with junction at 0 °C and 80 °C. Give 
that a = + 13-31 pV °C“ and B = 0-038 nV °C-?. Als 
calculate the neutral temperature. (Karnataka 198- 

Sol. If 6 is temperature difference between the cold an 
hot junction of a thermocouple, then thermo-e.m-f. is give 
by 

E=a0+— ~B 6” 


6 = 80- ie 80°C ;a=+ 13: 31 nV °C; 
B =-0-038 nV °C; 


E=13-31x 80 +5 (- 0-038) x 807 = 943-2 iV 


Here, 


Also, neutral temperature, 633 
gpa 2 Ah gsoag he i 
B (— 0-038) 


Problem 5.06. The thermoelectric e.m.f. E of a copps 
constantan thermocouple and the temperature 0 of tk 
hot junction (with cold junction at 0°C) are found to satisf 
approximately the following relation : 
E=a0+fp@ 
where E is inpV, 0 in °C. Also,a = 41p V °C-Land = 0-04 
pV °C. Whatis the temperature of the hot junction, whe 
the thermo-electric e.m.f. is measured to be 5-5 mV ? 
(Text Problen 
Sol. The thermo-e.m.f. of the thermocouple at temp: 
rature 6 of the hot junction is given by 
E=a0+p@ ‘ sod 
E=5-5 mV =500 nV; 
a =41uV °C! and B = 0-041 nV °C? 
Therefore, equation (i) becomes 
5500 = 41 6 + 0-041 67 
or 0-041 67 + 418-5500 =0 


41+ (41)? ~4x0-041 x (—5500) 
Or Ome i ee es 


2x 0-041 


—41+ ¥1681 + 902 902 ~41+50-82 


0-082 0-082 
Since the temperature of hot junction has to be greate 
than 0°C, it follows that 


~ 41+ 50-82 =119-76°C 
0-082 


Here, 


6= 


ED VERY SHORT ANSWER QUESTIONS. rs 


Q. 5.01. Give ake direction in which thermoelectric 
current flows at the hot junction of a Cu-Fe thermocouple. 
(C.B.S.E. 2001) 

Ans. From Cu to Fe. 

Q. 5.02. Give the direction of thermoelectric current 
(i) at the cold junction of Cu-Bi (ii) at the hot junction of 
Fe-Cu (iii) at the cold junction of platinum-lead thermo- 
couple. 

Ans. (1) From Cu to Bi. (ii) From Cu to Fe. (iii) From lead 
to platinum. 

Q. 5.03. Give any two factors on which thermoelectric 
e.m.f. produced in a thermocouple depends. 

(C.B.S.E. 1997) 

Ans. Thermo- e.m.f. produced in a thermocouple 
depends upon (i) the temperature of hot junction and (ii) the 
nature of the two metals forming the thermocouple. 

Q. 5.04. How does the thermo-e.m.f. vary with the 
temperature of the hot junction ? (H.S.S.C.E. 2001) 

Ans. The thermo-e.m.f. increases with increase in 
temperature of hot junction, till the temperature becomes 
equal to the neutral temperature for the thermocouple. As the 
temperature is increased beyond the neutral temperature, 
thermo-e.m.f. starts decreasing. 

Q. 5.05. Draw a graph showing the variation of thermo- 
e.m.f. with temperature, indicating the position of neutral 
temperature and temperature of inversion. (I.S.C.E. 1994) 

Ans. For the graph, refer to Fig. 5.04. 

The temperature corresponding to the peak of the graph 
is neutral temperature (6,) and the temperature, corres- 
ponding to which, the thermo e.m.f. reverses sign, is 
temperature of inversion (0,). 

Q. 5.06. What is the nature of the plot between 
thermo-e.m.f. and the temperature of hot.junction ? 

Ans. It is parabolic in nature. 

Q. 5.07. Define neutral temperature of a thermocouple. 

(P.S.S.C.E. 2002) 

Ans. The temperature of the hot junction, at which the thermo- 
e.m.f. produced in the thermo-couple becomes maximum, is called 
neutral temperature. 

Q. 5.08 How does the neutral temperature of a 
thermocouple vary with the temperature of the cold 
junction ? (C.B.S.E. 2001) 


Ans. The neutral temperature of a thermocouple does 
not vary with the temperature of the cold junction. 

Q. 5.09. Is the neutral temperature for a thermocouple 
constant ?. 

Ans. Yes, the neutral temperature for a thermocouple is 
a constant. 


Q. 5.01. What is thermo-e.m.f. ? Explain its origin. 
(PS.S.C.E.:2002,.1999 S) 
Ans. Thermo e.m.f. The e.m.f. produced in a thermocouple, 
when its two junctions are kept at different temperatures, is called 
thermo-e.m.f. 
Origin of thermo e.m.f. Refer to section 5.02. 
Q. 5.02. Briefly explain the origin of thermo-e.m.f. 
(H.S.S.C.E. 2001) 


),| FREQUENTLY “ASKED SHORT ANSWER QUESTIONS 


With Answers/Hints 


Q. 5.10. Is the temperature of inversion for a thermo- 
couple constant ? 

Ans. No, the temperature of inversion for a thermo- 
couple is not a constant. 

Q. 5.11. Write the expression connecting the thermo- 
electric e.m.f. of a thermocouple with the temperature 
difference of its cold and hot junctions. 

(77, S..9.C. Es $998 'C. Bib: E. 1995) 

Ans. The relation between thermo-e.m.f (E) and 
temperature difference (9) between the cold and the hot 
junction is given as 


E=a0+— 5 88 


Q. 5.12. What are the adi of a and f in relation to 
thermoelectricity ? 

Ans. The unit of ais vV °C! and that of 8 is wV °C~. 

Q. 5.13. Define Seebeck coefficient. (P.S.S.C.E. 2001) 

Ans. The rate of change of thermo-e.m.f. with the change in 
temperature of the hot junction of a thermocouple is called Seebeck 
coefficient. 

It is also known as thermoelectric power. 

Q 5.14. What is the value of Seebeck coefficient at the 
neutral temperature of athermocouple? (C.B.S.E. 2002) 

Ans. It is zero. 

Q. 5.15. What is Peltier effect ? 

Ans. Refer to section 5.09. 

Q. 5.16. Define Peltier coefficient. (P.S.S.C.E. 2001) 

Ans. The amount of heat energy absorbed or evolved per 
second at a junction, when a unit current is passed through it, is 
known as Peltier coefficient of the junction 

Q. 5.17. What is Thomson effect ? 

Ans. Refer to section 5.11. 

Q. 5.18. Define Themsom coefficient.(2.S.S.C.E. 2001) 

Ans. The amount of heat energy absorbed or evolved per 
second between two points of a conductor having a unit temperature 
difference, when a unit current is passed, is known as Thomson 
coefficient for the material of the conductor. 

Q. 5.19. Give one practical application of thermo- 
electricity. (C.B.S.E. 1991) 

Ans. Thermoelectric effect is used to measure 
temperature and to detect heat radiation. 

Q. 5.20. What is a thermopile ? 

Ans. It is a combination of a large number of thermo- 
couples in series. As such, for a small temperature difference 
between its hot and cold junctions, comparatively a large 
e.m.f. is produced. It can be used to detect the heat radiation 
and to note the small variation or difference in temperature. 


(P.S.S.C.E. 2001) 


(P.S.S.C.E. 2001) 


With Answers/Hints . 


Ans. Refer to section 5.02. 
Q. 5.03. What is Seebeck effect ? Give one example. 
(P.S.S.C.E. 2000 ; C.B.S.E. 1990) 
Ans. Seebeck effect. The phenomenon of production of an 
electric current in a thermocouple, when its two junctions are kept 
at different temperatures, is known as Seebeck effect. 
For example, when a thermocouple is formed of the two 


i 


wires of copper and iron, the current flows from copper to 
iron through hot junction. 

Q. 5.04. What is Seebeck effect ? On what factors, mag- 
nitude of thermo-e.m.f. depends ? (H.S.S.C.E. 2001) 

Ans. Seebeck effect. Refer to section 5.02. 

The magnitude of thermo e.m.f. depends upon the 
difference in the temperature between the two junctions and 
the nature of metals used to form a thermocouple. The 
thermo-e.m.f. produed increases, when the two metals chosen 
to form the thermocouple are widely separated in the 
thermoelectric series. 


Q. 5.05. How does thermoelectric series help to predict 


the direction of flow of current in a thermocouple ? 

Ans. It helps to know the direction in which current will 
flow, when a thermocouple is formed with the wires of any 
two metals in the series. The direction of current will be from 
a metal occurring earlier in this series to the metal occurring 
later in the series through the cold junction. 

Q. 5.06. Why do we generally prefer Sb-Bi thermo- 
couple ? (H.P.S.S;C. 1999 S31999) 

Ans. The metals Sb and Bi are at the two extreme ends 
of the thermoelectric series and hence for the given 
temperatures of cold and hot junctions, the thermo-e.m.f. 
produced is maximum. It is because, more the metals are 
separated in the series, the greater is the thermo-e.m-f. 
produced. 

Q. 5.07. What is thermo-e.m.f. ? Show its variation with 
temperature by a graph. (BS,S.C.E» 1997) 


Q. 5.01 A sensitive microphone cannot withstand 
a currents greater than 0-05 A. When connected across a 
thermocouple of e.m.f. 8-5 mV, the current in a very low 
resistance ammeter placed in series in the circuit reads 34 
mA. What is the resistance of the microphone ? 
(Text Question) 
Ans. Here, E = 8:5 mV = 8-5 x 10° V 
Current passing through the microphone, 
1=34 mA =34 x 103A 
Therefore, resistance of the microphone, 
—3 
Ran 85% 10 


I 34x10? 
Q. 5.02. What is the importance of the relation 


E=a0+— p6?? 


=0-250 


Ans. From the relation; F=q@@+ 1 B @7,we have 
2 


79 70+ BO (i) 


When the temperature of the hot junction is equal to 
neutral temperature, thermo-e.m.f. is maximum i.e. the rate 
of change of thermo-e.m.f. becomes zero. 


Ans. The e.m.f. developed in a thermocouple when : 
junctions are maintained at different temperature, is called therm 
emf. 

For the graph, refer to Fig. 5.04. 

Q. 5.08. Plot a graph showing variation of thermc 
electric e.m.f. with temperature of hot junction. Defin 


neutral temperature. (H.S.S.C.E. 2002 

Ans. For graph, refer to Fig. 5.04. 

Neutral temperature. Refer to VSQ 5.07. 

Q. 5.09. Define temperature of inversion. State tw 
factors on which the temperature of inversion of a therm 
couple depends. (C.B.S.E. 2000, 1998 S 

Ans. Temperature of inversion. Refer to section 5.05. 

The temperature of inversion of a thermocoup] 
depends upon the temperature of cold junction and the natur 
of the metals forming the thermocouple. 

Q. 5.10. Define thermoelectric power. What is it 
magni-tude at neutral temperature ? 

(C-B.S-E- 2000} FES:S‘C.E: 1998S 

Ans. For definition, refer to section 5.07. 

At neutral temperature, thermoelectric power is zero 

Q. 5.11. State and explain Seebeck effect. Mention it 
one application. (C.B_S.E. 199€ 

Ans. For seebeck effect, refer to section 5.03. 

A thermopile is based on Seebeck effect. It is used t 
detect heat radiation or to detect any small variation i 
temperature. 


| TECHIE STUFF — CONCEPTUAL SHORT ANSWER QUESTIONS” 
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Therefore, when 6-6,,, ne 


do = 
Applying the above condition, the equation (i) become 
a+B0,=0 or Painoup 


Therefore, knowing the values of the constants a and | 
for a thermocouple, neutral temperature of the thermo-coup] 
can be found. 

Q. 5.03. Heat is produced at a junction of two metal: 

when a current passes through. When the direction 
current is reversed, heat is absorbed at the junction (i.e. th 
junction gets cooler). Is the usual formula (I? R =powe 
dissipated as heat) applicable for this situation ? If noi 
why not ? 

Ans. This phenomenon of absorption of heat at a junctio 
on reversing the direction of current is known as Peltier effec 
The formula describing Joule’s heating effect of current is nc 
applicable to Peltier effect. The reason is that heat absorbe: 
or evolved at a junction is directly proportional to the currer 
passing through the thermocouple. Further, Peltier effect i 
reversible, whereas Joule’s heating effect is not reversible i 
nature. 


()_| FREQUENTLY ASKED SHORT ANSWER QUESTIONS... 


1. What is Seebeck effect ? What is the cause of thermo- 
e.m.f. ? 
(H.P.S.S.C.E. 2002, 1995 ; P.S.S.C.E. 1998 S ; 1996 S) 


Carrying 3 Marks 


2. What is seebeck effect ? Discuss the thermoelectric serie: 
(CoB os) 1992 

3. What is Seebeck effect ? What do you understand b 
neutral temperature and temperature of inversion of 


10. 


renee | 


2. 


1. 


pA. 


thermocouple for a given 
couple ? (C.B.S.E. 2001 S) 
Draw a graph showing the variation of thermo-electric 
e.m.f. with temperature of hot junction. How does its 
neutral temperature vary with the temperature of the cold 
junction ? (C.B.S.E. 2000 ; H.S.S.C.E. 1998, 1992) 
What is thermocouple ? Give two applications of 
thermocouple. If the temperature of cold junction of a 
thermocouple is lowered, what will be the effect on its 
neutral temperature and temperature of inversion ? 
(C.B.S.E. 2001 S) 

Discuss the effect of temperature on thermo-e.m.f. of a 
thermocouple. (P:S/S.C.E. 1998 S) 
Explain neutral temperature and temperature of inversion. 
Establish a relation between them. 

(H.P.S1S1GB. 998, P.S.S.C.E. 1997 S) 
Explain the terms thermo-emf, neutral temperature and 
temperature of inversion. (P.S.S.C.E. 1994) 


What is Seebeck effect ? Give a mathematical relationship 
between e.m.f. E and the temperature of the hot junction 
0, while the other junction is kept at 0°C. 

WS.C.E. 1997, 1993) 
The thermo-e.m.f. of a thermocouple is given by 


B=a0+— B0?, 


+ @ = & 


(a) What is Seebeck effect ? How does the e.m.f. of a 
thermocouple vary with temperature of the hot junction ? 
(b) Explain the terms neutral temperature and temperature 
of inversion in the case of thermocouple. 

(Pre-degree Kerala, 1994) 
What is a thermocouple ? Which of the two thermocouples 


ee 


Type A. On Neutral temperature andTemperature of 


inversion 

The neutral temperature of Cu-Fe thermocouple is 270 °C. 
If the temperature of the cold junction is 20 °C, what will 
be the temperature of inversion ? [Ans. 520 °C] 
The e.m.f. of a thermocouple changes sign at 700 K. If the 
neutral temperature is 210 °C, what is the temperature of 
cold junction ? [Ans. 7 °C] 


Type B. OnThermo-e.m.f.. 


3. 


maintained at 0°C. 


Calculate the thermo-e.m-f. of silver-iron thermocouple 
with junctions at 20°C and 80°C. 
Given that a = + 13-3 pV °C"! and B =- 0-019 pV °C. 

(Karnataka, 1985) [Ans. 763-8 nV] 
For a Cu-Fe thermocouple, neutral temperature is 270 °C. 
If a = 15 -86 pV °C“!, then find the value of . 

[Ans. — 0-0587 pV °C-2] 
The e.m.f. of a copper-iron thermocouple varies with the 
temperature of hot junction as 
E (in pV) = 11 6 - 0-02 

‘Determine the neutral temperature, if the cold junction is 
(H.S.S.C.E. 2002) [Ans. 275 °C] 
The thermo-e.m.f. of a thermocouple is given by the 


_ expression E =a 6—£ 6”, where 0 is the temperature of the 


~ < shot junction. If @ = 42 vV °C-1 B= 0-035 nV °C. calculate 


the (i) neutral temperature and (ii) temperature of 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


i 
ae 


where 0 is the temperature of the hot junction ; a and B are 


the constants of the thermocouple. Deduce an expression 
for the neutral temperature. (C.B.S.E. 2000, 1998 S) 
What is Seebeck effect ? Explain its cause. How thermo- 
electric power changes with temperature and hence find 
neutral temperature ? (H.PS.S.C.E., 1995) 
(a) Explain neutral temperature and temperature of 
inversion. Establish a relation between them. 

(H.S.S.C.E. 2002) 
(b) How is thermocouple used for measuring tempera- 
ture ? 
What is Peltier effect and Peltier coefficient ? How is Peltier 
coefficient related to thermoelectric power ? 
What is the difference between Joule’s heating effect and 
Peltier effect ? CHP S.5:Q4E. 1997) 
What is Thomson effect and Thomson coefficient ? How 
is Thomson coefficient related to thermo-e.m.f. and 
Seebeck coefficient ? 
How is a thermocouple used for measuring unknown 
temperature ? Give the advantages and disadvantages of 
using thermocouple as a temperature measuring device. 
Explain a few important practical applications of 
thermoelectric effect. 


LONG ANSWER QUESTIONS 


Carrying 5 Marks 


Sb-Bi or Cu-Fe produces greater e.m.f. for the same 
temperature difference between hot and cold junctions ? 
Graphically sketch the variation of thermo e.m.f. generated 
as a function of temperature of the hot junction keeping 
the cold junction at 0°C. Give two applications of thermo- 
couples. (GBiS'E. 1999 S) 


For Practice 


inversion of the thermocouple, if the cold junction is at 
ZOPG. (C.B.S.E. 2001) [Ans. (i) 600 °C (ii) 1180 °C] 
The thermo-e.m.f. of a thermocouple varies with the 
temperature of a hot junction according to the relation 
E = 146 -0-02 62, where @ is the temperature af the hot 
junction. Calculate : (i) neutral temperature of the 
thermocouple, (ii) temperature of inversion, assuming 
that cold junction is at 20°C and (iii) value of Seebeck 
coefficient at neutral temperature. 
(C.B.S.E. 2002) [Ans. (i) 350°C (ii) 680 °C (iit) 0] 
For a copper-iron and a chromel-alumel thermocouple, the 
plots between thermo-e.m.f. and the temperature of the hot 
junction (when the cold junction is at 0°C) are found to 
satisfy approximately the equation E (in pV) = a 6+ B oe 
where for copper-iron : a = 11 wV °C"!, B =- 0-02 pV C™ 
and for chromel-alumel :a@ = 41 nV °C“! B = -0-03 nV °C* 
Which of the two thermocouples, would you use to 
measure temperature in the range of about 500° to 600°C. 
[Ans. Chromel-alumel] 
The thermo-e.m.f. of copper-constantan thermocouple is 
50 vV °C"! at room temperature. A galvanometer of 
resistance 50 Q and capable of detecting currents of the 
order of 2 pA is used. Calculate the smallest temperature 
difference that can be detected with this galvanometer. 
/ [Ans. 2°C] 


Now, 6;- 6, = 9,,- 9, 

or 6, = 26, -0, =2 x 270 — 20 = 520°C 

Proceed as in solved problem no. 5.01. 

Here, a = 13:3 uwV °C! ; B =— 0-019 nV °C 

and 0@=80- id 60°C 

Now, E= ao+s B 67 = 13-3 x 60 +x (- 0-019) x (60)? 


= 798 - ont 763-8 pV 


a 
Now, (abe = B 
yA ihe ta = - 0-0587 nV °C? 
"A 0, Allie if 
Here, E = 11 6 - 0-02 67 NT 
1 
But E=a0+, pe ...(ii) 


Comparing equations (i) and (ii), we have 
a=1yv°C” and’ p=-0-02 x2=-0-04 wv °C? 
a a! 


a 0 =-— = == ° 
Now, @, B -0-04 275°C 
Here, E=a 0- iff 
dE 2 
N —=—(ad-f0)-= 2B0 
(i) Now, ag “(a B0)°=a-2B 
dE 
When Op 10) 
" d0 
a 
0=a-2B806, or n= OB 
0 UP ey oe . 
— n~ 9x0-035 — 


(ii) 0, = 20,,-0, = 2 x 600 — 20 = 1180 °C 
Proceed as in problem no. 6. 

dE 
(iii) Seebeck coefficient, S = 7 


dE 
At neutral temperature, 6 =") 


Therefore, at neutral temperature, 
S=0 


Athermocouple can be used to measure temperature in the 
range 500°C to 600°C, if neutral temperature for the 
thermocouple is fairly above the range of temperature 
measurement. 

Here, E=a0+p@ 


dE od 2 
0+ B80 +280 
GOT ap TORE RS He 8 
dE 
When 0=98,, apr 0 
a 
0=a+2B86, or n= — 3B 
For copper-iron thermocouple : 
a 11 
Dae eee ee 2) 
, 2B 2x (—0-02) 
For chromel-alumel thermocouple : 
Oo Spat Hes 6889'S 


2B 2x (—0-03) 
Therefore, chromel-alumel thermocouple can be used to 
measure temperature in the range 500°C to 600°C. 
Resistance of galvanometer, G = 50 Q 
The minimum current that can be detected by the 
galvanometer, 


Trin = 2 HA 
Therefore, minimum e.m.f. that can be detected by the 
enlace 

Enin = Lnin * G = 2 x 50 = 100 nV 


For a difference of temperature of 1°C, copper-constantan 
thermocouple produces thermo-e.m.f. of 50 #V. 


Therefore, smallest temperature that can be detected by the 
galvanometer, 


50 4° 
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Chapter1. Electric current, Resistance and E.M.F. 


OD Electric current. It is the rate of flow of electric charge through a conductor. 


Mathematically: [= 


Unit. In SI, the unit of electric current is ampere (A). 
1 ampere (A) = 1 coulomb second"! (C s~4) 
0 Ohm’s law. It states that physical conditions remaining unchanged, the current flowing through a conductor is always directly 
oportional to the potential difference across its two ends. 
Mathematically: V « | or V=RI 
Here, R is called resistance of the conductor. 
Unit. The unit of resistance is ohm (Q) 
1 ohm (Q) = 1 volt ampere“! (V A™}) 
CO Resistance of a conductor. The resistance of a conductor of length / and area of cross-section A is given by 
l 
iia 
Here, p is resistivity of the material of the conductor. 
C Resistivity. The resistivity of the material of a conductor is the resistance offered by a wire of this material of unit length and 
nit area of cross-section. It is also known as specific resistance of the material of the wire. 
Unit. The SI unit of resistivity is ohm metre (Q m) 
O Conductance. The reciprocal of the resistance of a conductor is called its conductance (G). Thus, 


1 
Ga 
Unit. The SI unit of conductance is ohm=! (Q~) or siemen (S). ohm is also written as mho. 
O Conductivity. The reciprocal of the resistivity of the material of a conductor is called its conductivity (o). Thus, 


o=— 


p 

Unit. The SI unit of conductivity is ohm! metre (Q-! m~}) or siemen metre! (S m7). ohm™! metre“! is also written 
s mho metre™. 

O Drift velocity. It is the velocity with which a free electron in the conductor gets drifted under the influence of the applied external 
lectric field. 


; eE | 
Mathematically : vq = emt 


~ nAe 
Here,t is average relaxation time and n is number of free electrons per unit volume in the conductor. The other symbols 


ave their usual meanings. 
C Temperature coefficient of resistance. It is defined as the change in resistance per unit resistance per degree rise in temperature. 


If resistance increases linearly up to temperature 6, then temperature coefficient, 
bat Ro ~Ro 
Ry X0 
Unit. The unit of temperature coefficient is °C. 
O Thermistor. A thermally sensitive resistance is called a thermistor. 
CO Resistors in series. The total resistance of resistors R,, R, and R; in series is given by 
R,=R, +R, +R; 
C Resistors in parallel. The total resistance of resistors R,, R, and R, in parallel is given by 
1 1 1 1 


RweRay Raw Rg 

OE.ME The work done per unit charge by the source in taking the charge from its one terminal to the other is called the electromotive 
orce or e.m.f. of the source. 

It is equal to potential difference between the two terminals of the source, when no current is drawn from it. 

C Internal resistance. The resistance offered by the electrolyte of the cell, when the electric current flows through it is known as 


nternal resistance of the cell. 


If V is potential Aas across the t ee pein ofa cell ier a ercent lis drawn from it, 


ns : | 
R+r 


Here, E is e.m.f. of the cell and R is the external resistance in the circuit. 


E 
Mathematically : Internal resistance, r = [= = 7 R 


Some Useful Facts : 


1. 6-25 x 10!8 electrons passing through a conductor per second constitute a current of one ampere. 

2. In most of the substances, the carriers of electric current are electrons. In electrolytes and ionic crystals, the curre! 
carriers are positive and negative ions. 

3. The resistivity of a material is inversely proportional to the number of electrons per unit volume. It is also inverse. 
proportional to the average relaxation time. 

4. The resistivity of metals is in the range 10-° Q m to 10 Q m. The resistivity of the insulators, such as glass and rubbe 
is in the range of 10! Q m to 10!4Q m. The resistivity of semiconductors lies between that of metals and insulators. 

5. The materials used for making standard resistances should have very small temperature coefficient and a high val 
of resistivity. 

6. Resistors are connected in series, when the resistance in the circuit is to be increased. When the resistors are connecte 
in series, same current passes through all the resistors. 

7. Resistors are connected in parallel, when the resistance in the circuit is to be decreased. When the resistors are connecte 
in parallel, potential difference across all the resistors is same. 

8. Electromotive force is not a force. 

9. The cells are connected in series, when the external resistance of the circuit is very large as compared to the total intern 
resistance of the cells. 

10. The cells are connected in parallel, when the external resistance of the circuit is very small as compared to the tot 
internal resistance of the cells. 


Chapter 2. Electrical measurements 


O Kirchhoff’s Laws. These laws are used to analyse electric circuits. 
First law. It states that the algebraic sum of the currents meeting at a point in an electrical circuit is always zero. 
Second law. It states that in any closed part of an electrical circuit, the algebraic sum of the e.m.fs. is equal to the algebraic sum 
the products of the resistances and the currents flowing through them. 
O Potentiometer. It is a device used to compare e.m.fs. of two sources or to measure internal resistance of the sourc 
Principle. When a constant current is passed through a wire of uniform area of cross-section, the potential drop across any portic 
of the wire is directly proportional to the length of that portion. 
O Wheatstone bridge. It is an arrangement of four resistances used to determine an unknown resistance. 
In a balanced Wheatstone bridge, 
Bal, 
Burts 
where P, O, R and x are resistances in four arms of the wheatstone bridge. 
O Slide wire bridge. It is a device used to measure unknown resistance and it is based on the principle of Wheatstor 
bridge. It is also called metre bridge. 


Some Useful Facts 


1. Kirchhoff’s first law and second law are also known as junction rule and loop rule respectively. 

2. In steady state, the branch of the circuit containing a capacitor acts as an open circuit. 

3. In steady state, the inductor acts as a conductor having no resistance. 

4, When current I flows through a cell of e.m.f. E and internal resistance r, the potential difference across its two termina 


is given by ninken® 
(a) V = E-Ir, if the current flows out of the cell. . ast: 
(b) V =E + Ir, if the current flows into the cell. | sr kia: er 
In former case, the potential drop across internal resistance opposes the em. 3 whereas i in the latter case, itaids ‘the em 


Chapter 3. Thermal effects of current melt i, Bane 
O Cause of heating effect of current. The potential difference applied actoss ‘the two'ends of condtictor sets iy p electr 


Val 


field. Under the effect of electric field, electrons accelerate and as they move, they collide’ ‘against thei ions and atom s in tk 
conductor. The energy of electrons transferred to the atoms and ions in’ the conduc tor’ appears as’ heat! hen 


of issipation of electrical energy in an electric circuit is called electric power. 
v2 
Mathematically : P=VI= Pili oR 


Unit. In SI, the unit of electric power is watt (W). 

The electric power of a circuit is said to be one watt, if one ampere of current flows through it, when a constant potential difference 
f one volt is applied across it. 

The bigger unit is kilowatt (kW) and megawatt (MW). 

1kW =10° W and 1 MW = 10°W 

D Electric energy. The total amount of electric energy consumed by an electric circuit depends upon its electric power 

nd the time for which the circuit is kept on. 
ay tt es 5 

Mathematically : W=P x Aah Reha Rt 

In SI, the unit of electric energy is joule (J) but the practical unit of electric energy is kilowatt hour (kWh). It is also 
cnown as Board Of Trade unit (B.O.T.). 

W (in kWh) = V (in volt) x I (in ampere) x f (in hour) 


1000 
Also, 1kWh = 3-6 x 10°J 


some Useful Facts 

1. The heat produced in a conductor on passage of current does not depend upon the direction of flow of current. 

2. The fuse wire for an electric circuit is chosen keeping in view the value of safe current through the circuit. The material 
»f fuse wire should have high resistivity and low melting point. However, the melting point of the material of fuse wire should 
9e above the temperature that will be reached on the passage of the safe current through the circuit. 

3. The material of the filament of a heater should have high resistivity and high melting point. 


Chapter 4. Chemical effects of current 


0 Electrolysis. The process of dissociation of a liquid into ions on passing current through it is called electrolysis. 

0 Electrolyte. The liquids (or solutions) which allow current through them by dissociating into ions are called electrolytes. 

O Ion. An atom, a group of atom or radical having charge is called ion. 

The ions are of two types namely cations and anions. 

Cations are the positive ions and collect at cathode during electrolysis. 

Anions are the negative ions and collect at anode during electrolysis. 

CO Voltameter. A vessel containing two electrodes and the electrolyte for carrying out electrolysis is called voltameter. 

O Faraday’s first law of electrolysis. The mass of substance deposited at the cathode during electrolysis is directly proportional 
to the total charge passing through the electrolyte. 

Mathematically: m=zq=zI\t 

Here, z is called electrochemical equivalent of the substance. 

C Faraday’s second law of electrolysis. If same quantity of electricity is passed through different electrolytes, mass of the different 
substances deposited at the respective cathodes are proportional to their chemical equivalents. 


Mathematically : es = constant 


Here, E is chemical equivalent (ratio of atomic mass to the valency) of the substance. 
For given two substances of chemical equivalents E, and E,, we have 
Php Es sa Fit 
My E> Z9 
where letters have their usual meanings. 
O Electrochemical equivalent of a substance. It is defined as the mass of ins deposited at the cathode, when one coulomb of 
charge passes through the electrolyte. 
The practical unit of electrochemical equivalent of a substance is gram coulomb! (g C-). 
O Faraday constant. It is the quantity of charge required to liberate one gram equivalent of the substance. 
“1 faraday (F) = 96500 C mol 
It has a fixed value. 
oO Electrochemical cell. An arrangement in which chemical reaction can be carried out at a steady rate so as to convert chemical 
energy irito,electrical energy. is.called an electrochemical cell...» 7 | 
O Primary cell. An. electrochemical cell. which cannot be recharged but the chemicals have to be replaced is called a primary cell. 


, 
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o Secondary cell. An electrochemical cell in which the chemicals 
cell. 
0 Storage capacity of a cell. It is the ability of a cell to supply electrical energy. 
Unit. It is measured in ampere hour (A h). 
Storage capacity of a cell is called one ampere hour, if it can supply one ampere of current for one hour. 


Some Useful Facts 


1. Usually a liquid is not a conductor of electricity. However, mercury is conductor of electricity and it does not dissoc 
into ions on passage of electricity through it. 

2. Water molecule is polar in nature i.e. it possesses permanent electric dipole moment. Further, water molecules h 
tendency to dissociate. Because of these two facts, water is highly polarizable medium and it has a large value of dielec 
constant (K ~ 80). 

3. The crystalline NaCl consists of NA* and CI ions. The two ions are held together due to electrostatic force of attract 
When NaCl is dissolved in water, the electrostatic force of attraction between Na* and CI ions is reduced by a factor o 
(equal to dielectric constant of water). Due to thermal agitation at room temperature, the NaCl molecules in the solutio 
NaCl, dissociate into free Na* and Cl ions. 

4. (a) Electrolysis of CuSO, : 


At the cathode: Cutt +2e—>Cu 

At the anode : Cu—> Cu** + 2e 
(b) Electrolysis of AgNO; : 

At the cathode : Agt +e —> Ag 

At the anode : Ag— Ag? +e 


(c) Electrolysis of water : 
At the cathode: 4H,O0+4e—+4OH~+2H, 


At the anode : 2H,O—>4H*t+4e +0, 
4H*++ 40H —+4H,0O 
The net reaction : 2H,0 =>. 2 Ein iO, 


5. Faraday’s second law suggests a relation between electric charge and valency. It leads to the conclusion that the 
an elementary unit of charge e, which is common to all substances so that all the charges are integral multiples of e. 


M 
6. Chemical equivalent, E=— , where M is atomic mass and p is valency of the substance. 
ig 


7. The total charge required to deposit mass of a substance equal to its atomic mass is equal to Np e, where a is Avoge 
number and p is valency. Thus, 
M 


“Nope 


M=z(N pe) or 
8. Faraday constant, F = N e 


E 
9. Electrochemical equivalent of a substance, z= F 


10. Faraday’s first law may be mathematically expressed as 
M iD 
It=—It 
N pe i 

11. Leclanche cell is used in experiments, where constant supply of electric current is not needed. It is because, as 
cell is used, hydrogen gas causes polarisation of the carbon rod and its e.m.f. falls. But when it is used in experiments requi 
intermittent current, hydrogen gas escapes (when the cell is not in use) and the cell regains its original e.m.f.: 

12. A storage cell should not be short circuited. It is because ; during short circuiting, a large current flows,through 
cell and a non-porus layer of PbSO, is formed. This layer does not decompose during subsequent recharging and the 
becomes useless. Laid cay) 

13. A series resistance is put, while charging a storage cell. It is done so that the cell may not get damaged due to he 
charging current. 


m= 


Chapter5. Thermoelectric effect sf ig oe 


O Thermocouple. The arrangement of two wires of different materials joined at their ends so as to form junctions is call 
thermocouple. 

O Seebeck effect. The phenomenon of production of e. m if PRUE a jeurrent. to flow ir ina fa iermmpr oUt when its two junct 
are kept at different temperatures, is known as Seebeck effect: ’' oa Bal aie PSeCt AT Ae 

O Thermoelectric series. The metals forriing’ the sivearrnoctectrie seriée-are goemod Tire insus eT 

Sb, As, Fe, Zn, Ag, Au, Mo, Cr, Sn, Pb, Hg, Mn, Cu, Pt, Co, Ni and Bi. 


Ae 


1. Ifa thermocouple is formed of wires of any two metals from the above series, the direction of current is from a metal 
occurring earlier in the series to the metal occurring latter in the series. 

2. More the two metals (used for forming a thermocouple) are separated in the series, the greater is the thermo- e.m-f. 
produced in the thermocouple. 

O Neutral temperature. The temperature of the hot junction, at which the thermo-e.m.f. produced in the thermocouple becomes 
maximum, is called neutral temperature 0,,. 

For a given thermocouple, it is a fixed temperature. 

0 Temperature of inversion. The temperature of the hot junction, at which the thermo e.m.f. reverses its direction, is called 
temperature of inversion 6. 

For a given thermocouple, it changes with temperature of the cold junction (@,). 

However, the temperature of inversion is as much above the neutral temperature, as the neutral temperature is above the temperature 
of the cold junction. 


Mathematically : 6, = 6; +4. 


O Thermoelectric power. The rate of change at thermo-e.m.f. with the change in temperature of the hot junction is called 
thermoelectric power. 


Mathematically : Thermoelectric power = 


O Laws of Thermoelectricity. The following two laws have been established experimentally : 

1. Law of intermediate metals. It states that if a number of metals are put between two metals so as to form a chain, then the 
effective thermo-e.m.f. between the two extreme metals is equal to the sum of the e.m. fs. between intermediate metals, provided all the 
junctions are at the same temperature. 


Mathematically : If a metal B is put between two metals A and C, then 
C B C 
2. Law of intermediate temperatures. It states that the thermo-e.m.f. for a green thermocouple having its junctions at 


temperatures 0, and 0,, is equal to the sum of the e.m.fs. of the thermocouples of the same metals with junctions at temperatures 0, and 
0, ; 8, and 03 ; 45 DAG gj cree vasteps 6,1 and 6,,. 


5 0 6 0 0 0 
Mathematically : E, = Eg a Ey, + Eg,+ Pre -H,t 


C Peltier effect. The absorption or evolution of heat at a junction of two dissimilar metals, when current is passed, is known as 
Peltier effect. 

O Peltier coefficient. It is defined as the amount of heat energy absorbed or evolved per second at a junction, when a unit current 

_ is passed through it. 

O Thomson effect. The absorption or evolution of heat along the length of a conductor, when current is passed through the conductor, 
whose one end is hot and other is kept cold, is known as Thomson effect. 

0 Thomson coefficient. It is defined as the amount of heat energy absorbed or evolved per second between two points of a conductor 
having a unit temperature difference, when a unit current is passed, through it. 

O Thermopile. An arrangement of a large number of thermocouples connected in series is called a thermopile. 


Some Useful Facts 


> 1. Seebeck effect is reversible in nature. If currentis passed through a thermocouple in a direction opposite to the direction 
of flow of current in the thermocouple, then heat is evolved at the hot junction and absorbed at the cold junction. 
2. For given temperatures of cold and hot junctions, Sb-Bi thermocouple produces maximum thermo-e.m.f. It is because, 
Sb and Bi are the most separated metals in the thermoelectric series. 
(3. The graph between thermo-e.m.f. (E) and the temperature (9) of the hot junction is parabolic in nature and is found 
to satisfy the equation 


E=00+ 60, 


dE 
4. At neutral temperature, theromo-e.m.f. is maximum i.e. Prire 0 
. alt leads to the relation, - 
a” a 
Ba Bien 
ourt els 4 “AEMOIG { i B : Ste lacton 


5. Thermoelectric power is also called Seeback coefficient. 
7. Peltier effect and Thomson effect are also reversible in nature: © 4:5 0) e9oe iy 


| _ NUMERICAL PROBLE VIS ERC 
Chapter 1. Electric current, Rebietanes and E. M. F 
Problem 1.01. A hollow copper tube of 1 metre length 


has got external diameter equal to 10 cm and its walls are 5 
mm thick. Find its resistance if the specific resistance of 


copper is 1-7 x 10° Q m. (I.S.M. Dhanbad, 1982) 
Sol. Here,J=1m; p =1-7 x 103 Qm 
External radius of hollow tube, 
1 

i) = =5em=0°5=0-05m 
Internal radius of hollow tube,r, =r, — thickness of tube 
Since thickness of tube is 5 mm i.e. 0-005 m; 

1, = 0-005 — 0-005 = 0-045 m 
Area of cross-section of the tube 


=n (rp? — 7,2) = (0-05? — 0-045") 


The resistance of copper tube, 
1 


l ae 
sn chan Goalline endiaies csi eeaaAele 
= 1.031 x 105 Q 
Problem 1.02. If a copper wire is stretched to make it 
0-1%longer, what is the percentage change in its resistance ? 
(M.N.R. 1990 ; LIT. 1978) 
Sol. Let the initial length of the wire be I, and its area of 
cross-section be A,. Ifp is resistivity of the material of the wire, 
then 


initial resistance of the wire, R,=p a. 
1 
On stretching the wire, the increased length of the wire, 
100:1 
lp =], x —— 
seman Maia (8 3 
If A, is the new area of cross-section, then final resistance 
ly 
f the wire, Ro = p —— 
of the wire, Rp = p rye 
Since volume of the wire remains same, 1, A, = 1, A, 
im pan b poll 4 
25 Ha, Rah ae ee ee 


Substituting for I,, we have 


1, X 100-1)? : 
fe =1-002x p+ =1-002R 


P00) x1, Ay 1" 
R,-Ry 
Therefore, % increase in resistance, soar x 100 
1 
1:002R, -R 
fits sss hie 2YOG 


1 
= (1002-1) x100=0-2% 

Problem 1.03. A resistance is made by joining two 
wires of the same material. The radii of the two wires are 1 
mim and 3 mm respectively, while their lengths are 3cm and 
5 cm respectively. A battery of e.m.f. 16 V and negligible 
internal resistance is connected across the resistance. What 
is the eee = paige the shorter wire ?0(L.1.T! 1970)" 


HVITTSMOD Sf 2S5TEL4s 


Sol. In Fig. 1.01, AB and BC are two wires of same 
material connected to a battery of e.m-f. E = 16 V. 


l 
A : ; b Cc 
rT; ip 
I 
| 
E=16 V 
Fig. 1.01 


Let p be resistivity of the materials of the two wires. 
If R, and R, are the resistances of two wires, then 


h h - and R=) 


Gs OZ 
ie 


ly 
I Ty” 
Here, 1, = 3cm=3 x 107 m,1,=5cm=5x 107 m, 


r,=1mm=10" mir, =3 mm=3 x 102m 


Uc ae re 
7= eB hore san tbBrcaty 4. 
zx(10 ~) Ms 
5x107? 5 y 
Beam a tema erie : 
ux (3X10 ~) 9n 


Total resistance of wire AC, R= R, + R, 
aed 3p 5p 32 p «104 
A on On 


x 104 + x 104 = 


If lis current through the circuit, then 
I E_ 16x9n _9n 

Ro (32 axe ep 

Therefore, potential difference across shorter wire, 


9n ak 


x 1074 


IR, =——x107* x —£ x 1074 = 13-5 V 

Problem 1.04. An oe current of 5 A is divided into 
3 parallel branches, in which the lengths of wire are in the 
ratio 2:3:4 and the diameters 3: 4: 5. Find the currents in 
each branch, if the wires are of the same material. — 

(L1.T. 1975) 

Sol. Let the lengths of the wires in three branches be 21, 
31 and 41 respectively and their diameter be 3D, 4 Dand 5 
D respectively [Fig. 1.02]. 


Fig. 1.02. 
If ei is resistivity of the material of the three wires;then 
21 8 al > i Berd 
Ri = ) —aonsanig gars: 
x (3D)* 4 on |B “4 
me 2). 2 3 wd. inlaizat 
peel 7 (4D)? /4 4 wD A gtorod | 
O@L OLX 160 Lx 9” 

and’ R3=p—+ rs re oA 


Per (8D)? pa > 25 2 D2 


cotta 


ee iy e irrents through the wire’ The effective resistance R, of part ADC and resistance 
ae as shown in Fig. 2.02. Then, BC are in series. Therefore, their effective resistance, 
I+1,+1,=5 (i) Reeaeiers wills ad PD 
19 19 


As the three wires are connected between the same two 
yints A and B, we have 


The effective resistance R, and resistance AB are in 
parallel. Therefore, equivalent resistance of the network, 


_R3x10_ x10 


72 2 = 4. 
Then, pera Raat Sippy adios 20.1 My ~R3+10 18 +10 ies 
Ky jp pl Ro 3pl Problem 1.06. Calculate the steady state current in the 
VW) 05 D2 ¥ 2 Q resistor shown in the circuit in Fig. 1.04. The internal 
and “Hiya resistance of the battery is negligible and the capacitance 
R3 16 pl of the capacitor C is 0-2 microfarad. (LL.T. 1982) 
Substituting for I,, I, and I, in equation (i), we have 20 


9m D°V 40D? V , 25aD*V 
8 pl 3pl 16 pl 


aD*V (2+ 4 2) = I a 
or —|=5 4Q 
pl \8 3 16 
2 
ae D*V y. 193 3) neo 
pl as Te 
2 E=6V 
teat ye Fig. 1.04 
or p i 193 gn 2 isa IE 
Ti PY OM Ge Rn paces ne 
9nD2V_9_ 240 bed 
=X 1404, 
8 pl 8 193 In steady state, a capacitor offers infinite resistance to 
4n D2 v_ 4 240 d.c. and it acts as open path. 
Slat soe = 1658 A 
3 pl ag 193 Te Ree ee rer a Vesa. 
, Sol. The effective resistance of the parallel combination 
and 13 = 25D’ V =e 240 _ = 1.943 A of 2 Q and 3 Q resistors is given by 
16 pl 16° 193 2x3 
Problem 1.05. The resistances of the four sides of a eS 243 1:2Q 
oo ABCD ay me 0, 5.2,,.7.2 gpd 2 0 in that order. A Since capacitor offers infinite resistance to d.c., it acts as 
sistance of 10 Q is connected in between A and C. — nen path. Therefore, current cannot flow through the branch 
culate the equivalent resistance between A and B. containing the capacitor and the 4Q resistance and hence the 
(I.S.M. Dhanbad, 1984) given network may be Rae as shown in Fig. 1.05. 
Sol. The given resistances are connected as shown in Fig. 23 
)3. ) . scien 4 e 
2Q §Q 
toy = 1.05 
Therefore, total resistance of the circuit, 
R=R’+2-8=1-24+28=40 
D Cc ; ie a6 
Fig. 1.03 Current drawn from the cell, l=—=—1:5A 
. (eo 
Consider the partADC of the network of the resistances. Potential difference across R’(the parallel combination 
follows that the resistances AD and DC are connected in o¢7 QO and3Q resistance), 
ries. Therefore, their effective resistance, V=IR'=15%1-2=18V 
Ry =2+7=9Q Therefore, current through 2 Q resistor 
The eens of path ADC and resistance AC are in . V 1:8 
rallel. Therefore, their éffective resistatice, i. = bu: eye =0-9A 
Ro = Ry X 100, x 10031 9x 10 _ 90 Q ona 7, Praniecs 13074 An> infinite ladder network of 


R, +10. ; 7 + 10° *49 , resistances is constricted with 1 Q and 2 Q resistances as 


shown in Fig. 2.06. The 6 V battery between A and B has 
negligible internal resistance. 

(a) Show that the effective resistance between A and 
Bis 2Q. 

(b) What is the current that passes through the 2 Q 
resistance nearest to the battery ? (Roorkee 1989 ; I.I.T. 1987) 


12 12 19 12 
A -—=— 
E=6V 2Q 
B Bice 
Fig. 1.06 
Thought Process 


of 


As the network of resistances is infinite, adding one 
more set of the resistances of 1 Qand 2 Q will not affect 
the total resistance of the network. 


Sol. (a) Let the equivalent resistance of the infinite ladder 
network of the resistances be X. Since the network is infinite, 
adding one more set of resistances of 1 Q and 2 Q across the 
terminals A and B will not affect the total resistance X of the 
network. The network on adding one set of two resistances 
of 1 Q and 2 Q will appear as shown in Fig. 1.07. 


Amol 12 I-I, 


Fig. 1.07 
Now, total resistance across A and B 


= 1 + resistance equivalent to the parallel combination 
of 2 Q and X 


ae 2X 
ii ga 
Since total resistance of the network remains unaffected, 
iis eat or X,-X-2=0 
2+X 


or } »p ¢ for. 2Q 


Since X cannot be equal to —- 1 Q, we shave 


X=20 
(b) If I is current from the iets then 
= E ioe 6 = 3A 
Xx 


Suppose a part I, of the current flows throug 
resistance and the remaining part (I — I,) passes thr 
resistance X. Then, 

2xI,=(-I1,) Xor2xI,=(@-1,) x2 

or 1,=15A 

Problem 1.08. 12 cells each having the same e.m. 
connected in series and are kept ina closed box. Some c 
cells are wrongly connected. This battery is connect 
series with an ammeter and two cells identical wit 
others. The current is 3 A, when the cells and batter 
each other and 2 A, when the cells and battery oppose 
other. How many cells in the battery are wrongly connex 

(Roorkee, 1993 ; L.L.T. 

Sol. Let e.m.f. of each cell be E. If n cells out of 1 
wrongly connected, then (12—n) cells will send current it 
direction, while n cells in opposite direction. Therefore 

net e.m.f. of the battery=(12-n) E-n E= (12 - pe 

When the two cells aid the battery : 

Then, total e.m.f. of the circuit = (12-2n)E+2E 

Let R be the resistance of the circuit. Then, 


; ., 12-2n)E+2E 
current in the circuit, ——————__——. = 


When the two cells oppose the battery : 
Total e.m-f. of the circuit = (12- 2) E-2E 


Then, current in the circuit, rae loa, =D 


Dividing equation (i) by (ii), we have 
(EZ 2H) AZ de be =n Mes 2+ 25,3 
(12-2n)E-2E Det ale 2n)-2 2 
Solving for n, we get 
n=1 me 
Hence, one cell has been wrongly connected. 


Chapter 2. Electrical Measurements 1G 


Problem 2.01. Three resistors are joined to form a 
triangle ABC, such that AB = 1Q, BC=2Q and CA =3Q. 
A cell of e.m.f. 3 V and internal resistance 1 Q is connected 
to points A and C. Determine the current in the three arms 
and also the potential difference at the cell terminals. 

(.S.M. Dhanbad, 1986) 

Sol. The three resistors of 10,2 Q and 3Q are connected 
to form a triangle ABC as shown in Fig. 2.01. 

The cell of e.m.f. E = 2 V and internal resistance r = 1 Q 
are connected across points A and C, Since resistance of path 
ABC is 1 + 2i.e. 3.Q, it easily follows that the resistance of the 
triangular net work ABC, 


pu ieied 50 
3+3 


coc Es38V r=12 
brs ¥ b boas € J! Figha@b io 


eqeor QT hae EL Se 


9 '516 H : 
+3 e90Mms).. 


E 3 
R #7. 1-541 atte 
Suppose that part I, of the current flows through arm 
AC, so that part (I-1,) flows along the path ABC. Obviously, 
I, x resistance of path AC 
= (I-I,) x resistance of path ABC 
or I, x3=(1-2-1) x3 
or 1, =0-6A 
Therefore, current through arm AC, 1=0-6A 
Also, the current through the arms AB and BC, 
I-1,=12-06=06A 
Potential difference at the cell terminals, 
V=E-Ir=3-12x1=18V 
Problem 2.02. A 10 V battery having an internal 
resistance of 1 Q is joined in parallel with another of 20 V 
and internal resistance 2 Q. The combination is placed 
“across an external resistance of 30 Q. Apply Kirchhoff’s 
laws, find the current flowing through each battery. 
(I.S.M. Dhanbad, 1993) 
Sol. The given two batteries of e.m.fs. E; = 10 V and E, 
= 20 V are connected in parallel to an external resistance R = 
30 Q as shown in Fig. 2.02. Their internal resistances are 1, 
=1Qandr, =2Q respectively. Let I, and I, be currents due 
to the batteries E,and E,respectively. 


1 E,=10Vr=19 


AeA B 
F Cc 
1,+] 
= D 
R=300 
Fig. 2.02. 


For the closed part ABDEA : 
E, =1,7,+(,+1,)R 
or 10=1, x 1+ (i, +I,) x 30 
or 311, +301, =10 sand) 
For the closed part CDEFC : 
E,=1,r,.+(,+1L)R 
or 10 =1, x 2+ (1, +1,) x 30 
or 151, + 161, = 10 
Solving equations (i) and (ii), we have 
I, =- 3-045 A, I, = 3-478 A 
Problem 2.03. In the circuit shown in Fig. 2.03, E, E G 
: E 


..-(ii) 


Wisn. 
Pe ae hie, 2:05 
and H are cells of e.m-fx2, 1, 3 and 1 V and their internal 
resistances are 2, 1, 3 and 1 Q respectively. Calculate (a) 


P 
potential difference across the 
cells G and H. 


terminals of each of the 
(LIT. 1984) 


Tonal Process apie 
Ina circuit, when the current flows through a cell from 
its positive to negative terminal, the potential difference 
across its internal resistance aids the e.m.f. of the cell. 
On the other hand, when the current flows from its 
negative to positive terminal, the potential difference 
across its internal resistance opposes the e.m.f. of the 
cell. 


oO 


Sol. Let E,, E,, E, and E, be e.m.fs. and ry, 13 and 1, 
be internal resistances of the four cells E, F, G and H 
respectively. 

The given circuit can be redrawn after incorporating the 
internal resistances of the cells as shown in Fig. 2.04. The 
distribution of currents in various branches of the circuit has 
also been shown in the figure. 


RP Nae ian 20 
k——wws— 
I E byt 
oO = 
est AV Aeon eet o7,=12 
we < 
he R=2 6 
1p=1Q at ape! 
H = E,=1V 
oa | 
Www | 
Ly f=39 * .E,-3V 
Fig. 2.04 


For the closed part ABDA : 
Eye B, =17, +17) + (1-1) 
or 2-1=Ix24Ix14+(-1) x2 
or 51-21,=1 svt) 
For the closed part BCDB : 
E,-E,=I7, +1) ry+ U-1,)R 


or 3-1=1,x3+I,x1-(-1,) x2 
or i+ 3.1, =I ...(71) 
Solving the equations (i) and (ii), we obtain 
6 : oes 
I, =—A and [= J 
ee 13 
(a) Potential difference between points D and B 
BS ed Gus\ 1a 
=71=1,)R= eebail ND ey 
ieee ety) 13 


Therefore, potential difference between points B and D 
= — (potential difference between points D and B) 


a ~5)- 2 
13)” 13 


(b) The current I, flows through cell G from its negative 
to positive terminal potential. Therefore, potential difference 
across the terminals of cell G, 

6 y 
Vo =E3-1)1%3= 3=-— x3 =—V 
Pinca hc ete 13 13 
~The current I, flows through cell H from its positive to 


» negative terminal. Therefore, potential difference across the 


terminals of cell H, 


"SYS Fees 19 
YH = 24" 14> biege V 


. ! . 49 4 y. (A 
E, =2V,E,=1V and the resistances R=1r, =r, =1r3;=10 


Fig. 2.05 

(a) Find the potential difference between the points A 
and B and the current through each branch. 

(b) Ifr, is short circuited and the point A is connected 
to the point B, find the currents through E,, E, and E, and 


the resistor R. (LT. 1981) 

Sol. (a) Let 1, 1, and I, be currents from the cells of e.m-f. 
= 3 V,E, =2 V and E, =1 V respectively. 

Further, R=1r, =f) =73=1Q 

In the closed part CDEFC of the circuit : 

ry -hn=E,-E, 

or Lxte bh xt =3-2 

or I,-I,=1 (i) 

In the closed part CDEFGHC of the circuit : 

17-13 7%3=E,-8, 

or I,x1-I,x1=3-1 

or I,-1,=2 (ii) 

Since the other end A of resistance Ris not connected 
to point B, no current flows through Rie. I= 0. Therefore, at 
point C, we have 

I,+1,+1,=0 
Solving equations (i), (ii) and (iii), we have 
I,=1A;1,=OandI,=-1A 

The negative value of I, indicates that current I, does not 
flow along the indicated path FGHC, but flows along the path 
CHGF. 

The potential difference between points C and F can be 
calculated across any one of the three paths between C and 
F. Since I, = 0, 

potential difference between points C and F 

=E,-i,m%=2-0x1=2V 

As there is no current in branches AC and FB, 

potential difference between A and B 

= potential difference between C and F = 2 V 

(b) When resistance r, is short circuited and point A is 
joined to B, the given circuit becomes of the form as shown 
in Fig. 2.06. The distribution of current is shown in the figure. 


(iit) 


05,E, =3V, 


or I, x1=3-2 

or 1=lA 

For the closed part CFGHC of the circuit : 
-I,7,=E,-E, : 

or -I,x1=2-1 

or I,=-1A 


For the closed part ACDEFBKJA of the circuit : 
I,7,+,+1,+1,) R=E, 
or 1x1+(1+I,-1)x1=3 
or I,=2A 
The current through resistor R 
=1,+1,+1,=1+2+(¢1)=2A 
Problem 2.05. An electrical circuit is shown in Fig. 2.07. 
Calculate the potential difference across the resistor of 400 
Q. as will be measured by the voltmeter V of resistance 400 
Q, either by applying Kirchhoff’s rules or otherwise. 


(LLT. 1996) 
R= 4002 


100.Q 100 Q 200 £2 


l 10V 


Fig. 2.07 
Sol. The parallel combination of the resistance of 400 Q 
and the voltmeter of resistance 400 Q connected across it is 
equivalent to a resistance of 200 Q. The given circuit is 
equivalent to the circuit redrawn as in Fig. 2.08. 


E 200 D 


10V 


Fig. 2.08 
The currents in the various branches of the circuit will 
be distributed in accordance with Kirchhoff’s first law. 
In the closed part FGHJKEF of the circuit : According to 
Kirchhoff’s second law, 


L, = 100 +1, x 100-1, x 100-0 
or I,-1,-1,=0 ons) 
In the closed part ABCHJKA of the circuit ; According 
to Kirchhoff’s second law, = ; 
10 = 1, «x 100+ (1, + I5)* 200 
OF 5 nobly + 2Ig701 =O... 


Toiwi¢ 


dee WH tpl 


\ 


<b KA 


-Kirchhoff’s second law, 

(I, — I) x 200 — (I, + I,) x 200 —I, x 100 = 0 

or I, -1,+251,=0 

Adding equations (i) and (iii), we have 
(I-I, -I,) + (I, 15 +2:51,)=0 

or 151, =0 orl, =0 

Setting I, = 0 in equation (ii), we have 

21,+2x0—0-1=0 orl, _ a 

350/230 


Setting I, = a A and I, = 0 in equation (i), we have 


1 1 
BP nt ga Mylar MP) heel fy 
iyi las Hee: pedal; 


The potential difference (measured by voltmeter across 
400 (2 resistance of the circuit shown in Fig. 2.07) is equal to 
potential difference across 200 Q resistance (in branch DE of 
the circuit shown in Fig. 2.08). It is given by 


V=( ~1)x200=( 5-0) x 200 = 6-67 V 


Problem 2.06. A part of the circuit in a steady state 
along with the currents flowing in the branches, the values 
of resistances, etc are shown in the Fig. 2.09. Calculate the 
energy stored in the capacitor. (.L.T. 1986) 


Thought Process. 
The capacitor offers infinite resistance to d.c. and 
therefore the branch containing capacitor acts as open 
path. However, there is potential difference across the 
two plates of the capacitor and charge is stored inside 
the capacitor. 


Sol. Let I, and I, be currents in the branches AB and CD 
of the circuit in the directions as shown in Fig. 2.09. According 
to Kirchhoff’s first law, 

atpointA: 2+1-1,=0 or I1,=3A 

atpointD:1+1+1,-2=0 or 1,=1A 

For closed part ABCDA of the circuit : Let V be potential 
difference across the two plates of the capacitor. Then, 
according to Kirchhoff’s second law, 

I,x5+1,x1+I,x2=V 
or V=3x54+3x1+1x2=20V 

Now,‘capacitance of the capacitor, 


@ 


C=4yuP=4 10° F WY 2 yon ia i 


Therefore, energy‘stored in capacitor, | 


U=5CVv? =5x 4x 107° x (20)?=8 x 104 °° 


; 1 
E,=2E,=6V';C=5uF;R, =2R,=60;R,=2R,=42. 
Find the current in R, and the energy stored in the capacitor. 


E, O.LT. 1988) 
‘es 


Ry 


Fig. 2.10 


Thought Process 


ro In steady state, a capacitor offers infinite resistance to 


d.c. and the branch containing the capacitor acts as open 
path. Therefore, no current flows through the branch of 

Sol. The distribution of currents in the various branches 

of the circuit is as shown in Fig. 2.11. 


the circuit containing C and R, and there is no potential 
drop across resistance R,. Hence, the potential difference 
across the capacitor is equal to potential difference 
between points A and C. 


Fig. 2.11 
Here, E, =6V;E,=2V;E,=3V; 
C=5uF=5x 10°F; 
R, =60;R, =30,R,=40;R,=2Q 

In the closed part CDEHC of the circuit : 1, R, = E, 

or 1,=4=6orl,=15A 

Therefore, current through resistance R,=15A 

In the closed part AHEFGA of the circuit : 

(I, - 1) x R,-1, R, + (I, -1,) R, =- E,-E, 

or (I,- 1:5) x 3-15x4+(I,-15)x2=-2-3 

or I,=17A 

Let V, an V- be potentials at points A and C respectively. 
As the current is flowing along the path AHC, 

Va = Vct potential drop across R, + E, 
or V,-—Vc=(I,-1,) R, +E, 
= (1-7-1-5)x24+2=24V 

As the branch ABC contains capacitor, no current flows 
through R, and hence there is no potential difference across 
R,. Therefore, 

potential difference across capacitor 

=V,-Vce=24V 
Energy stored in capacitor, U = 5 Ce 


=5x5x10~ x (2:4) = 1-44 x 105 J 


nk S is shown in Fig. : 2.12, E, = 12 V, E, = 3 v, R, =R,= 
R, =20,R,=30,R,=19,C =2pE.L= 10 mH. 

(a) The switch S is in position 1. Find the potential 
difference (V, —V,) and the rate of production of Joule heat 
in R,. 

‘b) If now the switch S is put in position 2, find the 
steady state current in R,. CLT. 1999) 


Thought Processixc\ Yasin 9} 


| 


In the steady state, a capacitor offers infinite resistance 
to d.c. but an inductor offers zero resistance to d.c. 
Therefore, in the steady state, the capacitor acts as an 
open path and the inductor as a conducting path. 


Sol. (a) When the switch S is in position 1:In_ this 
position of the switch, only the part of the circuit shown 
in Fig. 2.13 is effective. The distribution of currents is also 
shown in the figure. 


Fig. 2.13 
For the closed part ABCHGA of the circuit : According 
to Kirchhoff’s second law, 
I, R, -1, R, = E,-E, 


o 1x 2-L xX 253-2 
or 21,-21,=9 (i) 
For the closed part EFGHE of the circuit : Applying 
Kirchhoff’s second law, 
I, R, -1, +0, +1) R3 = 5, 
or 1 eo ORE +1,) x 2=12 


or 2, i, +1, =6 ... (ii) 
Solving equations (i) ein (ii) , we have 
IL,=35A;1,=-1A 


Let V, and ‘Ve be potentials at points A and B 


respectively. As tite negative re es shige 2 i is’ 


connected to point A, we have 
Va-Vp= 3+ LR =34+E 1) x2 we igte 
Rate of production of heat in Raj = a PRs 
Aarts 2:5 245 Wa 


rea Re 
vin 


eRe er % he 


of the switch, only the part of the circuit shown in Fig. 2.14 


Hur O tit slid 
é altod wiaw sali 
(b) When the switch,S isjin uastéion, 2 Inothisspesition) aghoe 


inductance is zero. 


Fig. 2.14 
Therefore, total resistance of the circuit in steady state, 
=R=R,+Ry=2+3=50 
The current in the resistance R, will be the same as ‘the 
current in the circuit in steady site Therefore, 


current in resistance R4 = “2 a9 =06A 

Problem 2.09. In a Wheatstone bridge, the four resis- 
tance arms of the bridge are AB = 2Q, BC =3Q,CD=4Q. 
and DA = 1Q. A cell of e.m.f. 2 V and negligible internal 
resistance is connected across AC and a galvanometer of 
resistance 10 Q, is connected between B and D. Find the 
current through the galvanometer. (Karnataka, 1992) 

Sok LetP=20-O-3,0-5 =4-0)- 

R=1Q,E=2VandG=10 

The distribution of current in various branches is as 

shown in Fig. 2.15. 


E=2V. 


Fig. 2.15 
For the closed part ABDA of the circuit : 

I, xP+I,xG-(-I)R=0 
or I,x2+I,x10-d-1)1=0 : 
or 31, +101,-I=0 } demceekee 
For the closed part BCDB of the circuit: © 42... 
eT) Oat Pie ee 
or (I, 1) x 3'- (-1, +1) x 4=F x10 20. a ae 


or 7Ty-W71,-41=0 ali) 
Vata eos Sr. 
For the closed part ABC YXA of the circuit oi) 
I, xP+@=1L)Q= E S10¥.. 
or 1,x2+(, -1,) x35 9); ‘per 
or? SOTA STE BETAS 542 31, De SOE 1 Gif) * 
Die ates cen S-0 fers they: 
pn From equation ( @, we f have Raa Aber RA. 
tnarban ghF 3. I, n101, mod aigec’: «ot ont Mr. 


Substituting dorskirpsquationslduree fave f° Fp is 
or’ ain mata +h BI, YPOR}!=0  2ieer ot! 
dase oh 57 12%! is: Al jg0)Gb4,.29 OS at stiv (ivy 


The negative sign shows that current flows from point 


Problem 2.10. A thin uniform wire AB of length 1 m, 
inknown resistance X and a resistance of 12 Q are 
ected by thick conducting strips as shown in Fig. 2.16. 


A B C 

Fig. 2.16 
attery and a galvanometer (with a sliding jockey 
ecting to it) are also available. Connections are to be 
e to measure the unknown resistance X using the 
ciple of Wheatstone bridge. Answer the following 
tions : 
(a) Are there positive and negative terminals on the 
anometer ? 
(b) Copy the figure in your answer book and show the 
ry and the galvanometer (with jockey} connected at 
opriate points. 
(c) After appropriate connections are made, it is found 
no deflection takes place in the galvanometer, when the 


sliding jockey touches the wire at a distan 


Th eae Ae Ohl eet aha By Mel 
tina el an ia ae i na Sater blige Rela el? 
¥ ? 


ce of 60 cm from 
A. Obtain the value of the resistance X. (LI.T. 2002) 

Sol. (a) A galvanometer is used to detect current in the 
circuit. There are no positive or negative terminals on the 
galvanometer. 

(b) To measure the unknown resistance, the galvano- 
meter (G) and battery should be connected in the circuit as 
shown in Fig. 2.17. 


Fig. 2.17 


(c) Here, AJ = 60 cm 
= BJ = 100-60 = 40 cm 
Since the Wheatstone bridge is balanced, 


Bay oe xy £20 
12 Raj 12°60 
or x. Lae 
60 


Chapter3. Thermal effects of current 


Problem 3.01. The walls of a closed cubical box of 
50 cm are made of a material of thickness 1 mm and 
nal conductivity 4 x 10 s-! cm-!°C -!. The interior of 
0x maintained at 100°C above the outside temperature 
heater placed inside the box and connected across a 400 
. source. Calculate the resistance of the heater. 
(LL.T. 1971) 
Sol. Here, K = 4 x 104 cals-!cm! °C; 
6, - 8, = 100°C ;d=1mm=0-1cm; 
Surface area of the six faces of the cubical box, 
A= 6 x (50 x 50) = 15000 cm? 
Let Q, be the heat escaping the box from its six faces per 
id. Then, 
g, = KA(@2= 61) _ 4x 107* x 15000 x 100 
: d 0-1 
~ = 6000 cal = 6000 x 4-2J 
If R is the resistance of the heater, then heat produced 
econd, 
phe va) (400)- 
Q, =I Rt= Reg 
since the heater maintains a constant temperature inside 
ox, it follows that Q; = Q, 


2 : 

or ao = 6000 x 4:2 orR=635 W 

Problem 3.02. A fuse made of lead wire has an area of 
section 0-2 mm7. On short circuiting, the current in 
use wire reaches 30 A. How long after the short 
ting will the fuse begin to melt ? For lead, specific heat 
cal g-! °C -1, melting, point = 327 °C, density = 11-34 
3 and the resistivity- = 22x 10~° Q cm. Initial tempera- 
f the wire is 20°C. Neglect heat losses. ard ct 970) ~ 


Sol. Let / (cm) be length of the fuse wire. 
Here, area of cross-section of wire, 
A = 0-2 mm? = 0-2 x 10? cm? 
volume of wire, Al = 0-2 x 10-2 x 1 cm? 
and density of the material of wire, = 11-34 g cm 
Therefore, mass of wire, m= A | x density 
= 0-2 x 10 x I x 11:34 = 2-268 x 10°?! 
Initial temperature, 6, = 20°C ; melting point,@, =327°C 
Specific heat of the fuse wire, c = 0-032 cal g-! °C-1 
Therefore, heat required by the wire before it starts 
melting, 
H = mc (6, - 05) = 2-268 x 10-21 x 0-032 x (327 - 20) 
= 0-223 I cal = 0-223 x 4-21 I joule td) 
Now, resistivity of wire, p = 22 x 10° Q 
Area of cross-section of the wire, 
A = 0:22 mm? = 0-2 x 107? cm? 


Resistance of wire, R = p a = 22x10 ° x= = 
A 0-2x10-~ 
=11x 107! 
Current through the wire on short circuiting, I = 30 A 
Suppose that the wire begins to melt after time f. 
Then, H=I? Rt=30?x 1-1x102/5t=9-91t — ii) 
From equations (i) and, (ii), we have 
9-91t=0-223x4-21 or t=0-095s 
Problem 3.03. An electric kettle has two thermal coils. 
When a current is passed in one of them, water in kettle 
boils in 6 minutes and when current is passed in other one, 
the water boils in 8 minutes. If both the coils are joined in (a) 
series (b) parallel, how long will it take in boiling water ? 
CLT I GZ5) 


Sol. Let R, and R, be the resistances of the first and 


second thermal coil respectively. Suppose that V is the voltage 
of main line. Further, suppose that the heat required to boil 
the water in the kettle is H. 


If t, is the time in which water boils, when first thermal 


coil is used, then, 


y2 
H=—t or R, =—t 
Ry 1 1 H 1 


Similarly, if t, is the time in which water boils, when 


second thermal coil is used, then 


v? 2 
He RS ty or R> = to 
(a) When coils are joined in series : 
The net resistance of the two coils, R= R, + R, 
If water boils is time t, then 


2 
palatal: 
R 
H 
or ie x (Ry + Rp) 


(b) When coils are joined in parallel : 
R,R 

The net resistance of the two coils, R’= Bee So 

R, +R> 


If water boils in time t’, then 


y saeglldinge Lab} 


tr toys ue XeBn 24 
a min 
ttt, 6+8 7 


Problem 3.04. A heater is designed to operate with a 


power of 1000 W in 100 V line. It is connected to two 


resistances @ 1002 an Ras st 


in e he 
is now giving a power of 62:5 W, calculate the alae of 


resistance R. (EET ETS 


10 Q 


Fig. 3.01 
Sol. Here, power of the heater in 100 V line, 
P, = 1000 W 
Therefore, resistance of the heater, 
Vi? _ 100° 
P, 1000 
In the circuit shown in Fig. 3.01, the heater hav 
resistance R, (= 10 Q) is giving a power 62-5 W. 
If V, is potential difference across the parallel combi 
tion of heater and the resistance R, then, 


1 =0Q 


on. 


or V> =P. Ry = §62°5x10 =25V 

Therefore, potential difference across 10 Q resistanc 
100-25 =75 V 

If Tis current through 10 Q resistance, then 


i bP. =7°5A 
10 
It follows that current through parallel combinatio1 
heater and resistance R is also 7-5 A. If X is resistance of 


parallel combination of heater and resistance R, then 


29 7.5 
X 
or Nes epee 2S 
fe Re 
APs ot 
But x R Ry 
desire ty) SOA Ee 
oF R - Xt (Res AGH 10).55 
R=52 


Chapter 4. Chemical stants of current 


Problem 4.02. A piece of metal weighing 200 g is to be 


electroplated with 5% of its weight in gold. If the strength 
of the available current is 2 A, how long would it take to 
deposit the required amount of gold ? E.C.E. of hydrogen 
= 1-044 x 10° g C1, atomic weight of gold = 197-1, atomic 


weight of hydrogen = 1-008. (Roorkee, 1988) 
Sol. Here, mass of the piece of metal = 200 g 
200 x5 
Mass of gold to be deposited, m= Eas mide 


Current passed, P= 2 
Electrochemical equivalent of hydrogen, 
Zz, = 1-044 x 10%¢ C1 


Chemical equivalent of hydrogen, 
atomic weight _ 1-008 


E = —— = 1-008 1 
ber valency 1 BIE 
Chemical equivalent of gold, 
iS atomic weight _ 197-1 _ 65.7 mole 
valency 3 


Let z, be electrochemical equivalent of gold. Then, fr 
Faraday’s second law of electrolysis, 


zy = 2, X EZ = 1-044 1079 x Roig 
Ey 1-008 


=68-05x10 > gc"! 


old, then ove i 


¥, 


ee 73476 5 


Zo 1” 68:05X10 ” x2 
m=Z,It 
Chapter 5. Thermoelectric effect 

Problem 5.01. A thermocouple is made of iron and Pb aia 
nickel and the difference of temperature between their Here, Ep, =125y"V°C 
junctions is 100°C. Find the thermo-e.m.f. developed across Ni 
such a thermocouple, when the thermo-e.m-.f. for iron-lead and ED, = 15 4V ger; 
thermocouple is 12-5 wV °C"! and for nickel-lead Ni 
thermocouple is 15 wV °C-1. Ep, =125+15=275 "Vv °C} 

Sol. According to law of intermediate metals, Hence, when the difference of temperature between the 


junctions is 100°C, 


Ni __yPb , pNi 
eM so ad Te thermo e.m.f. developed = 27-5 x 100 = 2750 nV 


ILTIPLE CHOIC 


Chapter 1. 


PART I. TEXT-BASED QUESTIONS 


ds 


10. 


11. 


12. 


One ampere is equivalent to 
(A) lcoulomb second (B) 1 coulomb second7! 


(C) 1 joule second (D) 1 joule second=! 
Assuming that the charge of an electron is 1-6 x 10-!9 C, the 
number of electrons passing through a section of wire per 
second, when the wire carries a current of 1 A is 
(A) 0-625 x 1019 (B) 1-6 x 10-19 
(C) 16 x 10” (D) 0-625 x 10!” 

(N.C.E.R.T. 1974) 
In the Bohr’s model of hydrogen atom, the electron moves 
around the nucleus in a circular orbit of radius 5 x 10°! m 
Its time period is 1-5 x 10-!° s. The current associated with 
the electron motion is 
(A) zero (B) 16x 101A 
(C) 017A (D) 1:07x 103A 

(M.N.R. 1992) 

Unit of resistance is 
(A) volt x ampere 
(C) volt/ampere 


(B) volt? x ampere 
(D) ampere/volt 

(A.F.M.C. 1997) 
A solenoid is at potential difference of 60 V. If the current 
flowing through it is 15 A, then resistance of the solenoid 
will be 
(A) 42 (B) 8Q 
(C) 0-25 Q (D) 2Q (A.FM.C. 1995) 
The resistance of a wire is R. If the length of the wire is 
doubled, then its resistance will be 
(A) 2R (B) 4R 
(Cc) R (D) 0-25 R 

(A.E.M.C. 1995 ; Karnataka, 1992, 1989) 

Three copper wires of lengths and cross-sectional areas are 
(1, A) ; (2 1, A/2) and (1/2, 2 A). Resistance is minimum in 
(A) wire of cross-sectional area A/2. 
(B) wire of cross-sectional area A. 
(C) wire of cross-sectional area 2 A. 
(D) same in all the three cases. (C{B.S-E.t997) 
The specific resistance of a wire 1-1 m long, 0-4 mm in 
diameter and having a total resistance of 4-2 ohm will be 
(A) 4-97 x 10° Qm (B) 48x 10°Qm 
(C) 48x 10*Qm (D) none of these. 
Two copper wires, one of length 1 m and the other of length 
9m, are found to have the same resistance. Their diameters 
are in the ratio 
(A) 3:1 
(C) 9:1 


(B) 1:9 
(D) 1:3 

(Karnataka Entrance, 1991) 
A metallic wire of resistance 40 Q is stretched to twice 
its length. Its new resistance would be approximately : 
(A) 202 (B) 802 
(C) 120Q (D) 160 (N.C.E.R.T. 1974) 
A wire of resistance 10 © is elongated by 10%. The 
resistance of the elongated wire is 
(A) 10-1 Q (B) 11:12 
(C) 12:1 Q (D) 13-1 Q 

(C.B.S.E. 1999, 1991 ; A.EM.C. 1998) 

When a piece of aluminium wire of finite length is drawn 
through a series of dies to reduce its diameter to half its 
original value, its resistance will become 


13. 


14, 


15. 


16. 


7. 
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20. 


21. 
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QUESTIONS FROM CO 


Electric current, Resistance and E.M.F. 


(B) four times 
(D) sixteen times. 

(NERA. 1974) 
A certain piece of copper is to be shaped into a wire of 
minimum resistance. Its length and diameter should be 


(A) L,D (B) 2L,D/J2 


(C) L/4,2D (D) L/2,V2D 
(Karnataka Entrance 1987, 1985) 


A uniform wire of resistance R is uniformly compressed 
along its length, until its radius becomes n times the 
original radius. Now, the resistance of the wire becomes 
(A) R/n (B) nR 
(C) R/n2 (D) R/n4 (Karnataka, 2000) 
Two wires of the same metal have same length, but their 
cross-sections are in the ratio 3 : 1. They are joined in series. 
The resistance of thicker wire is 10 Q. The total resistance 
of the combination will be 
(A) 5/2 Q (B) 40/3 Q 
(C) 402 (D) 100 Q (C.B.S.E. 1995) 
The appropriate material to be used in the construction of 
resistance boxes out of the following is : 
(A) copper (B) iron 
(C) manganin (D) aluminium 

(N.C.E.R.T. 1990) 
Identify the material commonly used for making coils of 
a resistance box : 
(A) Molybdenum 
(C) Manganin 


(A) two times 
(C) eight times 


(B) Manganese 
(D) Magnesium 
(Karnataka Entrance, 1987) 
The reciprocal of resistance is 
(A) conductance (B) specific resistance 
(C) voltage (D) current (A.EM.C. 1995) 
If the resistivity of an alloy is p' and that of constituent 
metals is p, then 
(A) p'=p 
(GC) pp 
(D) there is no simple relation between p’ and p. 
(Karnataka Entrance, 1994) 
The resistance of a discharge tube is 
(A) ohmic (B) non-ohmic 
(C) zero (D) both (A) and (B) 
(A.F.M.C, 1996) 
From the graph between current (I) and voltage (V) as 
shown in the figure, identify the portion CORDES POTD to 
negative resistance : 


(B) p’<p 


(A) AB 


(B) BC 
eats, Ae) DE 
Carbon resistors used in electronic. circuits are;marked for 
their resistance value and tolerance by.a colour scheme. A 
given resistor has a colour scheme prunes black; green and 
‘gold. Its value (in;ohm) is 


(C.B,S.E. 1997) 


es? bie 


23% 


24. 


25. 


26. 


27. 


28. 


293 


30. 


31. 


32. 


(D) 1-0 x 10°+5% 
(Karnataka Entrance, 1994) 
When a current flows in a conductor, the order of 
magnitude of drift velocity of electrons through it is 


(A) 10-7 cms7! © (B) 10-2 cms7! 
(C) 104¢mms7! (D) 05mm s7! 


(C) 1-0 x 10°+5% 


(C.P.M.T. 1986) 
The ratio of drift velocity to that of the thermal velocity of 
an electron in a conductor is : 
(A) 10-6 (B) 108 
(Cc) 10° (D) 10-1 
Assume that each atom of copper contributes one free 
electron. The density of copper is 9 g cm~™ and atomic 
weight of copper is 63. If the current flowing through a 
copper wire of 1 mm diameter is 1-1 ampere, the drift 
velocity of electrons will be 
(A) 0-1 mms7! (B) 0-2mms7! 
(C) 0-3 mms! (D) 0:5mms (C.PM.T. 1989) 
Resistance of a conductor increases with the rise of 
temperature, because 
(A) relaxation time decreases. 
(B) relaxation time increases. 
(C) electron density decreases. 
(D) electron density increases. 
Si and Cu are cooled to a temperative of 300 K. Then 
resistivity 
(A) for Si increases and for Cu decreases 
(B) for Cu increases and for Si decreases 
(C) decreases for both Si and Cu 
(D) increases for both Si and Cu. (C.B.S.E. 2001) 
A piece of copper and another of germanium are cooled 
from room temperature to 80 K. The resistance of 
(A) each of them increases. 
(B) each of them decreases. 
(C) copper increases, germanium decreases. 
(D) copper decreases and germanium increases. 
(L.1.T. 1980) 
A piece of germanium and another of copper are stated to 
experience a rise in temperature. The resistance of 
(A) each of them increases. 
(B) each of them decreases. 
(C) copper increases and germanium decreases. 
(D) copper decreases and germanium increases. 
(C.E.T. 1998) 
The specific resistance of a conductor increases with 
(A) increase in temperature 
(B) increase in cross-sectional area 
(c)’ decrease in length. 
(d) decrease in cross-scetional area. (C.B.S.E. 2002) 
The current I and voltage V curves for a given metallic wire 
at two different temperatures T, and T, are shown in the 
figure. Then, 


(A) T,>T, MM 
er et, | T2 
(C) T)=T, | I 
(D) T, =2T, 
VO 


(LLT. 1989) 


Lthe Ty 
, The resistance of a conductor is 5 ohm at 50°C, and 6 ohm 


> 281 00°C. What is its resistance at 0°C ? 


~ ve 
F. 0.532 Ks 


? “PASEQ ohmt 22%: 
Sate 62° (GPIB ohm! 27d > 


(B)?"2-ohm 
(D)° 4 ohm 
(Karnataka‘Entrance, 2000, 1989, 1988) 


34, 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


0-00125 °C-!, At 300 K, its resistance is 1 ohm. The 
resistance of the wire will be 2 ohm at 
(A) 1154 K (B) 1100K 
(C) 1400K (D) 1127K (.L.T. 1980) 
Which of the following has a negative temperature 
coefficient ? 
(A) C (B) Fe 
(C) Mn (D) Ag (A.FM.C. 1995) 
Three resistances each of 4 2 are connected to form a 
triangle. The resistance between any two terminals is 
(A) 12Q (B) 2 
(C) 62 (D) 8/3Q 

(C.B.S.E. 1993 ; Karnataka 1992, 1990) 
What is the resistance between points A and B ? 


(A) 15Q ae. oe 

(B) 13-3Q 

(C) 6 5Q 

(D) 25Q 522 5Q 
AB 


Find the equivalent resistance of a two branched circuit as 
shown in figure : A @ 


(A) 2kQ 
(B) 3kQ 4 
(C) 4kQ z 
(D) 5kQ 


8 kQ 8 kQ 


(A.F.M.C. 1997) 
The current in the given circuit is 


I 


4V 3Q 6Q 
6Q 
(A) 831A (B) 682A 
(C) 492A (D) 2A 


(C.B.S.E. 1999, 1997 ; similar C.E.T. 1999) 
Two resistances r, andr, (r, <1r,) are joined in parallel. The 
equivalent resistance R is such that 
(A) 79<R<7r, +1 (B) R>r,t+f 
(C) Rar, (D) 1,<R<try 
(Karnataka, 2000) 
A metal wire of resistance R is cut into three equal pieces 
that are then connected side by side to form a new wire, 
the length of which is equal to one third of the original 
length. The resistance of this new wire is 
(A) R (B) 3R 
(C) R/9 (D) R/3 (CEL, £298) 
n equal resistors are first connected in series and then 
connected in parallel. What is the ratio of the maximum to 
the minimum resistance ? 
(A) 1 (B) 1/n? 
(CO). nr? (D), 1/0 
(Karnataka Entrance, 1994) 


43. 


44, 


45. 


46. 


47. 


48. 


n conductors, each of resistance r, when connected in 
parallel, give an effective resistance R. What will be 
resistance, if they are connected in series ? 


R 

(A) n?2R (B) = 
R? n 

a gees Dy 
(C) - (D) : 


A student has 10 resistors each of resistance r. The 
minimum resistors made by him from the given resistors 
is 


¢ 
(A) 107 ‘B) = 

re ee p) = A.EM.C. 1995 
(©) t00 bee (A.EM.C. ) 


An unknown resistance is connected in parallel with a 
resistance of 4 (2. Similarly, two other resistances of 2 and 
3 Q are connected in parallel. The effective resistance, 
when these two combinations are connected in series, is 
3-6 Q. The value of the unknown resistance is (in Q) 

(A) 1 (B) 4 

{(G):5 (D) 6 (Karnataka Entrance, 1987) 
Four resistances R,, R,, R, and R, are connected in 
parallel. The resultant resistance R is 

(A) equal to sum of the four resistances. 

(B) greater than the sum of the four resistances. 

(C) less than the sum of the four resistances. 

(D) less than any of the four resistances. 

Refer to the figure. Assuming the internal resistance of the 
battery to be negligible, a voltmeter connected between 
the points A and B should read 


(A) 0V nt 
(B) 1.2V 
(C) 30V 12 22 
(D) 48V 
A 2Q B 


(Karnataka Entrance, 1992, 1988) 
The equivalent resistance of the arrangement of resistances 
shown between the points A and B in the figure given 
below is 


8Q 


A B 
(A) 6Q (B) 8Q 
(C) 162 (D) 24Q (C.PM.T. 1990) 


In the electric circuit given below, the voltage between the 
points A and B is 10 V. The voltage between the points B 
and C will be 


A ALGO) Biel: 
{ | 


15.2, 


C ..\25Q atin 4h 


49. 


50. 


51. 


DZ: 


53. 


54. 


55. 


(A) 5V_ 
(C) S15 W 
Four resistances of 40 Q, 60 2, 90 Q and 110 2 are connected 
as shown to a battery of e.m.f. 4 V and negligible internal 
resistance. Then, the potential difference between the 


(B) 10V 
(D) 20V 


points B and D is 
(A) -0:2V 

(B) 0-2 V 
(CTV 

(D) Eat 


In the circuit as shown in the figure, the potential 
difference between the points B and D is 

(A) 1V 62 B 12Q 

(B) 2V 
(C) 3V 
(D) 4V 


Resistance of 6 ohm each are connected in the manner 
shown in given figure. With the current 0-5 ampere as 
shown in figure, the potential difference V, —V, is 


6Q 6a 60 
Nanay, 
(A) 3-0 volt (B) 3-6 volt 
(C) 6-0 volt (D) 7-2 volt (C.P.M.T: 1989) 


Three resistors of 4 Q, 6 Q and 12 Q are connected in 
parallel and the combination is connected in series with 
4 V battery with internal resistance of 2 Q. The battery 
current is 

(A) 05A (B) 1A 

(Qie2A: (D) 10A (GiE.T, 1982) 
As shown in figure, the current flowing in the resistor 2 R 
(in ohm) is 


4R 


2E 
(A) > (B) FR 
E E 


For a cell, the terminal potential difference is 2-2 V, when 
circuit is open and reduces to 1-8 V, when cell is connected 
to a resistance R = 5 Q. The internal registance of cell (r) 


is at % sustt 
(A) 10/9 Q (B) 9/10 Q,-.: river. 
(C) 11/9 Q (D) 5/9. Qo: (C.B:S%E'2002) 


A primary cell has an e.m.f. 1-5 volt. When short circuited, 
it gives a current of 3 ampere. The internal resistance of the 
cell is. A oor aad 


‘ 
aliss v  .ca 


No (A455 Q- 1 Bate (B) 22 9 to 
T jf Soirgdeines 2 six sis 1h 12 f1t O39) 103 S49 
(©) {05 Qeri isnt 24D) ae Qon' { (C. PHF) 1983) 
Hy (h) 


eg lerces } botrec oinl Ye 


57% 


58. 


oo 


60. 


61. 


62. 


63. 


64. 


65. 


7 Q and a current of 0-9 A through a resistance of 2 Q. 
The internal resistance of the cell is 

(A) 2:0 Q (B) 1:2Q 

(C) 1-0 2 
A cell of e.m.f. E is connected across a resistance r. The 
potential difference between the terminals of the cell is 
found to be V. The internal resistance of the cell must be 


2E=WV 2@-Wr 
r E 


(E—V)r 
(@ Swe (D) (E-V)r (M.N.R. 1987) 


If Eis the e.m.f. of a cell of internal resistance r and external 
resistance R, then potential difference across R is given as 


(A) 


E ER 
A) V=——— B) Vie 
ey (1+r) Bt (R+r) 
E E 
net ein | Sr 


(Karnataka Entrance, 1986, 1984) 
The internal resistance of a cell of e.m.f. 2 V is 0-1 Q. It is 
connected to a resistance of 3-9 Q. The voltage across the 
cell will be: 
(A) 05 V (B) 1:5 V 
(C) 195 V (D) 2V (C.B.S.E. 1999) 
The terminal voltage of a cell of e.m.f. E on short circuting 
will be , 


(A) E (B) E/2 
(C) 2E (D) zero (A.EM.C. 1998) 
Two cells X and Y are connected to a resistance of 10 Q as 68. 


shown in the figure : 


The terminal voltage of cell Y is 

(A) zero (B) 2V 

(C) 4V (D) 10V 

In the above figure, if the polarity of the cell Yis reserved, 
then the terminal voltage of the cell Y will be: 

{A) 2:8 V (B) 3-8 V 

(C) 48V (D) 5-8 V 

The reading of the ammeter in the circuit is : 


2Q 2Q 
A) 
71. 
(A) 3A (B) 3A 
4 A (D) 2A 


A current of 2:0 A passes through a cell of e.m.f. 1:5 V 
having internal resistance of 0-15 Q. The potential 
difference (measured in volt) across both the terminals of 


i therellis 3.1: ¥ 


(A) )1-35 SHG 
(C) 1-00 (D) 1-20 (M.N-R. 1991 
n cells each of e.m.f. E volt and internal resistance r ohm 
are connected in series with an external resistance R. The 


‘Cee cugnent will inctease n times that of a single cell, if | 


(A) Ris very large as compared to the internal resistance. 


(B) Ris very small as compared to the internal resistance. 


(D) 0:5Q 66. 


67. 


69. 


(B):-1-50 72. 


(C) R is equal to total internal resistance 
(D) regardless of relative magnitudes of R and r. 

(CET 1998) 
Three cells of e.m.f. 3 V, 2:8 V and 1-4 V are connected in 
series. Their internal resistances are 0-02 Q, 0-6 Q and1Q 
respectively. If the battery is connected to an external 
resistance of 3 @ via a very low resistance ammeter, what 
would be the reading of the ammeter ? 


3V 28V 14V 
3.Q 
(A) 10A (B) 15A 
(C) 26A (D) 5A (A.EM.C. 1997) 


If batches of m cells (each of emf E and internal resistance 
r) in series are connected in parallel with an external 
resistance R, then the current I through the external 
resistance is given by 


mnE mnkE 
A Ce Pe nyo Seas 
og. (mr +nR) “att (mR+nr) 
me a _ nE/m 

Ge ~ (mR+nr) (D) Li Glee 


(Karnataka Entrance, 1986, 1984) 
To get maximum current in a resistance of 3 ohm, one can 
use n rows of m cells (connected in series) connected in 
parallel. If the total number of cells is 24 and the internal 
resistance of a cell is 0-5 ohm, then 
(A) m=12,n=2 (B) m=8,n=3 
(C) 'm=6, n=4 (D) m=2,n=12 
(N.C.E.R.T. 1980) 
Suppose 4 branches of 5 identical cells (in series) are 
connected in parallel, the internal resistance of each cell 
being 10 ohm. If the group of cells sends a current of 
0-2 ampere through an external resistance of 25 ohm, 
then the e.m.f. of each cell is (in volt) 
(A) 1-5 (B) 1-25 
(C) 25 (D) 1:75 
(Karnataka Entrance, 1987) 


PART If. THOUGHT-BASED QUESTIONS 


70. 


The potential difference applied to an X-ray tube is 5 kV 
and the current through it is 3-2 mA. Then the number of 
electrons striking the target per second is 


(A) 2x 1016 (B) 5x 10° 


(Qd x10!” (D) 4x 10/5 (LL.T. 2002) 
In a hydrogen discharge tube, it is observed that 
through a given cross-section 3-13 x 1015 electrons are 
moving from right to left and 3-12 x 105 protons are 
moving from left to right. What is the electric current in the 
discharge tube and what is its direction ? 
(A) 1 mA towards right (B) 1mA towards left. 
(C) 2mA towards right.(D) 2 mA towards left. 
(A.F.M.C. 1996) 
A small sphere that carries a charge qg is whirled in a circle 
at the end of an insulating string. The angular frequency 
of rotation is 2 w. This rotating charge represents a current 
of 
(A) go/x 
(C) ga/w 


—>/\VAA(BY - qo/2 1 


“©(D) “ga (C.E.T. 1998) 


74. 


7s) 


76. 


Tie 


78. 


79 


80. 


81. 


82. 


mare where €, is the 
permittivity of free space, L is a length, AV is a potential 
difference and At is a time internal. The dimensional 
formula for X is the same as that of : 

(A) resistance (B) charge 

(C) voltage (D) current (I.L.I. 2001) 
Masses of three wires of same metal are in the ratio 1:2:3 
and their lengths in the ratio 3:2: 1. Electrical resistance 
of these wires will be in the ratio of : 

(A) rfl (By L223 

(C) 9:42:11 (D2 6st 

As the temperature of a metallic resistor is increased, the 
product of resistivity and conductivity 

(A) increases. (B) decreases. 

(C) may increase or decrease. 

(D) remains constant. 

A wire of length L and 3 identical cells of negligible 
internal resistances are connected in series. Due to the 
current, the temperature of the wire is raised by AT in time 
t. A number N of similar cells is now connected in series 
with a wire of the same material and cross-section but of 
length 2 L. The temperature of the wire is raised by the 
same amount AT in the same time. The value of N is 

(A) 4 (B) 6 

(C) 8 (D) 9 (LLT. 2001) 
The two metal plates A and B of same material are square 
in shape and have the same thickness. The side of B is twice 
that of A. They are connected in the circuit as shown in 
figure. Then, 


A quantity X is given by €) L 


}k---- 2] --—- 


(A) the resistance of B is twice that of A. 

(B) the resistance of A is twice that of B. 

(C) both have the same resistance. 

(D) the resistance of Ais four times that of B. 

A conductor of resistance 8 Q is bent in the form of circle. 
What will be resistance between two points on any 
diameter of the circle ? 

(A) 1Q (B) 2Q 

(C) 8Q (D) 16Q 

When current flows in a conductor, then the ratio of the 
intensity of electric field E at any point within the 
conductor and the current density at a point is called 

(A) resistance (B) conductance 

(C) specific resistance (D) inductance (A.FM.C. 1996) 
Which of the following quantities do not change, when a 
resistor is heated by passing current through it ? 

(A) Resistance (B) Resistivity 

(C) Drift velocity (D) Number of free electrons. 
You are given several identical resistors each of resistance 
R = 10 Q and each capable of carrying a maximum current 
1 A. It is required to make suitable combination of these 
resistors to produce a resistance of 5 , which can carry a 
current of 4 A. The minimum number of such resistors 
required is : 

(A) 4 (B) 10 

(C) 8 (D) 20° (C.B.S.E. 1990) 
The effective resistance between the terminals A and Bin 
the circuit is : 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


(B) 35 Q 
(C) 10 


(D) 5 


Six resistors of 3 Q are connected along the sides of a 
hexagon and three resistors of 62 each are connected along 
AC, AD and AE as shown in 32 D 

the figure. The equivalent E 
resistance between the points 32 
A and B is equal to 3Q 


(A) 3Q 5 k 
(B) 9Q 
(C) 22 
(D) 6Q  (A.EM.C. 1995) aoe e ROT B 


Given three resistors of different values. How many 
different combinations of these three resistances can be 
made ? 

(A) Six (B) Five 

(C) Four (D) Eight ) 

Given three equal resistors. How many different 
combinations of these three resistances can be made ? 
(A) Three (B) Four 

(C) Five (D) Six (N.C.E.R.T. 1980) 
A technician has only two resistors. By using them singly 
in series or in parallel, he is able to obtain the resistances 
of values 3, 4,12 and 16 Q. What are the resistances of 
the two resistors ? 
(A) 6and 10 Q 
(C) 7and9Q 


on 3Q 


(B) 4and 12 Q 
(D) 5and 12 Q 

(Karnataka Entrance, 1993) 
What will be the equivalent resistance between the points 
AandD? 


102 102 


A 3 
102 10Q 
10Q 10Q 
(G; D 
(A) 10Q (B) 20Q 
(C) 30Q (D) 40 2 (C:Be5.8., 1996) 


An electrical cable of copper has just one wire of radius 
9 mm. Its resistance is 5 ohm. The single copper wire of the 
cable is replaced by 6 different well insulated copper wires 
each of radius 3 mm. The total resistance of the cable will 
now be equal to ; 

(A) 75 Q (B) 452 des 

(C) 90 (D) 270 Q (C.PM.T. 1988) 
Find the resistance of the portion of the circuit between the 
points A and B in the circuit shown in the figure.’ Points 
A and P are connected by a copper Wire of negligible 
resistance. Similarly, points B and Q are also connected by 
a copper wire of negligible resistance. 


(A) 3R 
we * 
3 
3R 
(C) jeer 
2R Cy Ct F 
(OD tense SUM (PMT. 1990) 
35) eb (oh 0. ©) 


90. Inthe agram shown, the two cells have equal e.m.f.E, but _ 
internal resistances are r, and r,. If the reading of the 
voltmeter is zero, then 


(A) R=1,-1 (B) R=n+% 
(C) R=21r,-f, (D) R=27r, +1, 
(Roorkee, 1983) 


91. The steady state current in a 2 Q resistor (see figure), 
when the internal resistance of the battery is negligible 
and the capacitance of the capacitor is 0-1 uF is 


92. 


(A) 03A 

(B) 0-6A 

(C) 09 A 10 
(D) 13A E=oy 252 


In the given circuit with steady iar the Pens drop 
across he capacitor must be : 


(A) V 

(B) V/2 

(C) V/3 

(D) 2V/3 ., (LET, 2001) 


Chapter 2. Electrical measurements 


PART I. TEXT-BASED QUESTIONS a 


1. Kirchhoff’s first law, i.e. 2 I = 0 at a junction, deals with 
the conservation of 
(A) charge (B) energy 
(C) momentum (D) angular momentum 
(B.S.E. 1997) 
2. Figure shows current in a part of electrical circuit. Then, 


current I is 
1A 
2A 
2A 13A 
I 
Te 
(A) 17A (B) 3-7A 
(C) 13A - (D)1A 
(Karnataka, 2000 ; C.P.M.T. 1981) 
3. The algebraic sum of the currents at the point O in the 
following circuit is 15V 102 
(A) 0A 
(B) 0-754 BORE fh 
15V 
(C) 0-375 A fe) 
10 Q 
> 15V 
(Karnataka Entrance, 1989) 
4. Two cells of 1-25 V and 0-75 are connected in parallel. The 
effective voltage will be 
(A), 0-75 V (B) 1:25V 
(C),; 2:0 V (D) 0-50 V (C.PM.T. 1992) 
5. The current.in the given circuit is : 
tte 52 102 5V é . 9. 


dincOM 202 w 
oy (A)O1A (B) 0:2A mam is 
(C) 03A (D) 0-4A {(C.B.S.E. 1999) 


The potential difference between the points A and B in the 
figure will be 


5Q 5 Q 
5 Q 5Q 
5 Q 5Q 
Z 8 
SN = 
(A) 3 (B) 9 Vv 
ut 
(Cys (D) 2V (C.P.M.T. 1991) 
In the arrangement of resistances shown in the circuit, the 
potential difference between B 
points B and D will be zero, 4Q 


when the unknown resistance X 
is 

(A) 4Q 

(B) 3Q 

(C) 2Q 

(D) 1Q2 (C.P.M.T. 1988) 


12Q 


A current of 2 A flows in conductors as shown. The 
potential difference V ,—V, will be A 


(A). +2.V 20 32 

(B) +1V 

(C) -1V C D 

(D) +4V 3.Q 22 
(C.P.M.T. 1976) B 


The cells X and Y are connected as shown: The potential 
difference between terminals A and B is 


10. 


11. 


12. 


13. 


14. 


16. 


17. 


(A) 54V_ 


(B) 5: 
(C) 58 V (D) 60V 

The instrument for the accurate measurement of the e.m.f. 
of a cell is 

(A) a voltmeter 

(C) a potentiometer 


(B) an ammeter 
(D) a slide wire bridge. 
(Karnataka Entrance, 1993) 

Potentiometer measures the potential difference more 

accurately than a voltmeter, because 

(A) it has a wire of high resistance 

(B) it has a wire of low resistance. 

(C) It does not draw current from external circuit 

(D) it draws a heavy current from external circuit. 
(C.B.S.E. 2002) 

The resistivity of potentiometer wire is 10-” Q m and its 

area of cross section is 10° m2. When a current 1 =0-1A 

flows through the wire, its potential gradient is 

(A) 9107 Vim (B). 104 Wim 

(C) 01 Vm! (D) 10Vm! = (C.B.S.E. 2001) 

In a potentiometer experiment, for measuring internal 

resistance of a cell, the balance point has been obtained on 

fourth wire. The balance point can be shifted to fifth wire 

by 

(A) decreasing the current due to auxiliary battery. 

(B) increasing the current due to auxiliary battery. 

(C) putting a suitable resistance in series to the cell. 

(D) putting a shunt resistance in parallel to the cell. 

It is observed in a potentiometer experiment that no current 

passes through the galvanometer, when the terminals of 

the cell are connected across a certain length of the 

potentiometer wire. On shunting the cell by a 2 Q 

resistance, the balancing length is reduced to half. The 

internal resistance of the cell is 

(A) 4Q (B) 2Q 

(C) 9Q (D) 18 Q 

The sensitivity of the potentiometer can be increased by : 

(A) increasing the e.m.f. of primary cell. 

(B) increasing the potential gradient. 

(C) increasing the length of potentiometer wire. 

(D) decreasing the length of potentiometer wire. 
(A.F.M.C. 1998) 

In the circuit shown in the figure, P# R. The reading of the 

galvanometer is same with switch S open or closed. Then, 


(A) Ip — I, (B) Ip = Io 
(C) Ip =I, (D) Io =Ip (LLT. 1999) 


When the four resistors are connected as shown, itis found 
that the current flowing through the galvanometer G is 
zero. The resistance of R is 


18. 


eh, 


20. 


21. 


732. 


Paes 


24, 
Coe (standard Bis esistanc 


(Cc) 18 ohm 


(D) impossible to determine without knowing the e.m.f of 
the battery. (Karnataka Entrance, 1988) 

In a typical Wheatstone’s network, the resistances in cyclic 

order are P= 10 Q2,O=52,S=4 Q and R =4 @. For the 

bridge to balance, 

(A) 10 Q should be connected in series with P. 

(B) 10 £2 should be connected in parallel with P. 

(C) 5 Q should be connected in series with Q. 

(D) 5 2 should be connected in parallel with Q. 

(Karnataka, 2000) 
The effective resistance between points A and B in the 
given circuit A is 


(A) 10 Q 
(B) 20Q 
(C) 40 Q 
(D) 50 Q 


D 
(C.B.S.E. 2001, N.C.E.R.T. 1974) 
The resistance of the circuit between points A and B is: 


(A) 2Q 


3Q 3 Q 
(B) 18Q " s 
(C) 6Q 
(D) 24Q 

3Q 3Q 


Five resistances are connected as shown in the figure. The 
effective resistance between the points A and B is 


10 
(A) ore 22 39 
20 A B 
—Q 
(B) 3 
(C) 152 4Q 6Q 
(D) 62 (LLT. 1976) 


A bridge circuit is shown in the figure. The equivalent 
resistance between points A and B is 


(A) 21Q a 
32 4Q 
(B) 7 Q A B 
(C) 252/85 QQ 
6Q 8.Q 
(D) 14/3 2 (C.B.S.E. 2000) D 


In the given circuit, when galvanometer G shows no 
deflection, the current in the 2 ohm resistor is 


(A) 1-4A 
(B) 12A 
(C) 10A 
(D) 0-4A 


B 


(C. aM. T. 1989) 


ts Aq ; 
In:a ‘metre bridge, e balancing, length from the left end 
1 Q is in the right gap) is found to 
he value of:the unknown resistances 


be 20 cm. 


(A (B) 052 
(C) 14Q (D) 0-25 Q (C.B.S.E. 1999) 
25. Two resistances are connected in the two gaps of a metre 
bridge. The balance points is 20 cm from the zero end. 
When a resistance of 15 ohm is connected in series with the 
smaller of the two resistances, the null point shifts to 40 cm. 
The smaller of the two resistances has the value (in ohm) 
(A) 8 (B) 9 
(C) 10 (D) 12 
(Karnataka Entrance, 1985) 
26. An unknown resistance R, is connecied in series with a 
resistance of 10 ohm. This combination is connected to 
one gap of a metre bridge, while other gap is connected to 
another resistance R,. The balance point is at 50 cm. Now, 
when the 10 ohm resistance is removed, the balance point 
shifts to 40 cm. Then, the value of R, (in ohm) is 
(A) 60 (B) 40 
(C) 20 (D) 10 
(Karnataka Entrance, 1987) 


PART I. THOUGHT-BASED QUESTIONS 


27. In the circuit shown in the figure, the current through the 
3Q 22 2Q 


2Q 2Q 2Q 


(A) 3 Q resistor is 0-50 A. 

(B) 3 Q resistor is 0-25 A. 

(C) 4 Q resistor is 0-50 A. 

(D) 4 resistor is 0-25 A. (LLT. 1998) 
28. In figure, the potentiometer wire AB has a resistance of 

5 Q and length 10 m. The balancing length AJ for the e.m.f. 


of 0-4 V is 

aN 45Q K 

\| wn — 

J 
A B 
04V 

(A) 4m (B) 15m 
(C) 0-8m (D) 0-4m (A.EM.C. 1995) 


29. When balance point is obtained in a potentiometer for 
finding the internal resistance of a cell ; the current through 
the potentiometer wire is due to 
(A) the cell, whose internal resistance is to be found. 

(B) the auxiliary battery. 
(C) both cell and the auxiliary battery. 
(D) neither the celi nor the battery. 

30. Six equal resistances each of 4 Q are connected to form the 
following network. The resistance between any two 
terminals of the network is 


(A) 4Q oy 
(By) 1Q a 
(O.2Q 
bia * digmms' 
i ba(D)yY 0-5 Q ifgii sa: 


D1 fv 


31. 


32. 


34. 


35; 


The equivalent resistance between the 
the following circuit is 
(A) 10 Q 
(C) 202 


(B) 30 Q 
(D) 50 Q 


10Q 


10Q 

(C.P.M.T. 1988) 
Each of resistance in the network shown in the figure is 
equal to R. The resistance between the terminals A and B 
is 
(A) R 
(B) 5R 
(C) 3R 


(D) 6R 


(CB Ste logo tie. L970) 

Seven resistances each of 5 Q are connected as shown in 

figure. The equivalent resistance between the points A and 
Bis 

B 


(A) 5 Q 
(B). 72 


(C) 142 


(D) 352 A 


In the given ciruit, it is observed that the current I is 
independent of the value of the resistance R,. Then the 
resistance values must satisfy : 


(A) R, Ry=R,R; 
(B) R,R;=R, Ry 
(C) R, R, Rs =R; Ry Re 

1 1 1 1 
D). RETR, RAR HeRy 
In the given ciruit, it is observed that the current I is 


independent of the value of the resistance R,. Then the 
registance values must satisfy : 


(I.1.T. 2001) 


2R 2R 

2Rr 
i eke ad 

R+r 

8R(R+r) 

—_—____ P Q 
(B) 3R+7 
(C) 2r+4R . 
(D) 2r+5R/2 (LLT, 2002). =". 


10. 


11. 


gur 
The effective resistance between the points A and B is 
1 


12 12 


A B 
12 1Q 


(C.B.S.E. 199( 


Chapter 3. . Thermal.effects of Current 


PART I. TEXT-BASED QUESTIONS 
1. 


You have the the following electrical appliances : 
(i) 1kW-250 V electric heater 
(ii) 1kW-250 V electric kettle 
(iii) 1 kW-250 V electric bulb 
Which of these have highest resistance ? 
(A) Heater (B) Kettle 
(C) Bulb (D) All have equal resistances. 
(N.C.E.R.T. 1991) 
If a power of 100 W is being supplied across a potential 
difference of 200 V, current flowing is 
(A) 05A (B) 1A 
(C) 2A (D) 20A (A.EM.C. 1993) 
A current of 2 A passing through conductor produces 80 J 
of heat in 10 seconds. The resistance of the conductor is 
(A) 05 Q (B) 22 
(C) 4Q (D) 202 (C.B.S.E. 1993) 
How many calories of heat will approximately be 
developed in a 210 W electric bulb in 5 minutes. 
(A) 15000 (B) 1050 
(C) 63000 (D) 80000 (M.N.R. 1985) 
Two bulbs 25 W - 220 V and 100 W — 220 V are given. Which 
has higher resistance ? 
(A) 25 W bulb (B) 100 W bulb 
(C) Both bulbs will have equal resistances 
(D) Resistances of the bulbs cannot be compared. 
(C.B.S.E. 2000) 
A kilowatt-hour is a unit of 
(A) energy (B) power 
(C) electric charge (D) electric current. 
(N.C.E.R.T. 1985) 
One kilowatt hour equals 
(A) 36 x 10°J (B) 36 x 10°J 
(C) 36x 10°J (D) 36x 10°J 
(C.B.S.E. 1997 ; N.C.E.R.T. 1974) 
Watt-hour meter measures : 
(A) electricalenergy  (B) current 
(C) voltage (D) power. 
(Karnataka Eniniilte 1994) 
A 2 kW boiler used for 1 hour everyday consumes the 
following electrical energy in thirty days : 
(A) 60 units (B) 120 units 
(C) 15 units (D) None of above. 
(Karnataka Entrance, 1993) 
An electric lamp is marked 60 W-230 V. The cost of 1 kWh 
of electric energy is Rs. 1-25. The cost of using this lamp 
for 8 hours is : 
(A) Rs. 1-20 
(C) Re. 0-25 


(B) Rs. 4-00 
(D) Re. 0-60. 

(Karnataka Entrance, 1994) 
If current flowing in a conductor changes by 1%, then 
power will change by’ 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


(A) 1% 
(C) 10% 


(B) 2% 
(D) 100% 
A 5 °C rise in temperature is observed in a conductor b 
passing the current. When the current is doubled, the ris 
in temperature will be approximately 


(A.EM.C. 199€ 


(A) 5°C (B) 10°C 

(C) 20°C (D) 40°C (C.B.S.E. 199% 
If according to Joule’s law of heating, the potenti 
difference across a conductor having a material c 
resistivity p remains constant, then heat produced in th 
conductor is directly proportional to 


(A) p (B) p? 


1 1 
(C) (D) — 
ve p 
A heater coil is cut into two parts of equal lengths and on! 
one of them is used in the heater. The ratio of the he: 
produced by this half coil to that by the original coil is 
(A) 2:1 (B) 1:2 
(C) 1:4 (D) 4:1 
In an ordinary electric heater, if the length of the coil 
reduced to half, a given quantity of water will boil in 
(A) more time (B) less time 
(C) same time 
(D) atime, which depends upon the resistivity of the wir 
(Karnataka Entrance, 199: 
On 220 V supply, a heater heats a volume of water i 
5 minutes time. On the supply of 110 V, the same heater wi 
heat the same volume of water in 
(A) 5 minutes (B) 8 minutes 
(C) 10 minutes (D) 20 minutes 


(PE.T. 198¢ 


(A.EM.C. 199: 
The heating element of a heater should be made with 
material, which should have 
(A) high resistivity and high melting point. 
(B) high resistivity and low melting point. 
(C) low resistivity and low melting point. 
(D) low resistivity and high melting point. 
(M.N.R. 198( 
Two heater wires of equal lengths are first connected i 
series and then in parallel. The ratio of heat produced i 
two cases is 
(A) 2:1 
(C) 4:1 


(B) 1:2 
(D) 1:4. j 

(C.E.T. 1999 ; M.N-R. 1987 
If two bulbs, whose resistances are in the ratio‘of 1: 2, a1 


connected in series. The power at aps in them has th 


ratio of r jlo 
(A) 1:1 (B) 1:20° I 
(C) 2:1 (D) 1: 4008 (CBSE. 1997 


A 500 W heating unit is designed to operate from a 115 ' 
‘fine. Ifthe line voltage drops to‘110, the percentage dro 


°° in‘ heat output will be: »9ilg OLS to 
(A) 10-:2% (B) 8-1% ai 991 
(C) 8:6% (D) 7-6% (Dhanbad, 199¢ 


z2., 


23. 
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29. 
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es and 
source. The energy now liberated per second is 
(A) 25] (B) 50J 20 4 
(C) 200) (D) 400J (C.B,S:E. 1995) 
Three equal resistors connected across a source of e.m.f. 
together dissipate 10 W of power. What will be the power 
dissipated, if the same resistors are connected in parallel 
across the same source of e.m.f. ? 

(A) 5W (B) 10W 

(C) 30W (D) 90W (C.B.S.E. 1998) 
A 25 W-220 V bulb and a 100 W-220 V bulb are joined in 
series and connected to the mains. Which bulb will glow 
brighter ? 

(A) 25 W bulb (B) 100 W bulb 

(C) First 25 W bulb and then 100 W bulb. 

(D) Both will glow with same brightness. (LT. 1972) 
If R, and R, are respectively the filament resistance of a 
200 W bulb and a 100 W bulb designed to operate on the 
same voltage, then 
(A) R, =2R, 

(C) R,=4R, 


halv 1 


(B) R,=2R, 

(D) R,=4R, 
(Karnataka Entrance , 1990 ; C.P.M.T. 1990) 
Of the two bulbs in a house, one glows brighter than the 
other. Which of the two has a larger resistance ? 

(A) The brighter bulb. (B) The dim bulb. 
(C) Both have the same resistance. 
(D) The brightness does not depend upon the resistance. 
Se tanetid diiahuateh (C.P.M.T. 1985) 
A fuse is used in an electrical circuit to 
(A) indicate the consumption of power. 
(B) break the circuit, when the power is off. 
(C) maintain constant current. 
(D) break the circuit in case of overloading. 
(Karnataka Entrance , 1988) 


- 


(i) The product of volt and coulomb is joule, 


(ii) The product of volt and ampere’is joule per second. 

(iii) The product of volt and watt is horse power. 

(iv) Watt-hour can be measured in terms of electron-volt. 

(A) All the four are correct. 

(B) (ji), (ii) and (iv) are correct. 

(C) (i) and (iii) are correct. 

(D) (iii) and (iv) are correct. (N.C.E.R.T. 1978) 

Two heating coils, one of fine wire and the other of thick 

wire made of the same material and of the same length, are 

connected in series and in parallel. Which of the following 

statement is correct ? 

(A), In series, fine wire ; and in parallel, thick wire will 

yqdiberate more energy. 

(B),,dn series,,fine wire will liberate less energy ; while in 
parallel more energy. ; 

(C) Inseries, thick wire will liberate more energy, ;-while in 
parallel, less,energy. Leal on 

(Dy }Both willlikerate equal energy. (N.C.E.R.T. 1972) 

If twe bulbs of wattage 25 ang, 100, respectively,each rated 


_ataszpivolt pmnqananctsd in serjes.with the,.supply,of 440 


volt, which bulb will get fused ? 
(A) 100-watt bulb. 


£6 o1is2 
(B) 25-watt bluby .; (A) 
(D) both of theme: © (3) 
»qo of Karnataka Exitrangais1985 oi Mioa .K. 1988) 


430 olkamsire of rdsiginince 20.Q is sgatieadsnithite nnd aivoltage 


(R0CT Andra °° 


of 210 V is applied across the sdiftivehanysate morhating of 
ice is L-& i RS-Of (A) 
wa-\ " 0-8 (9D) 


the two Pieces are joined in parallel tothe same 


31. 


32. 


33. 


34. 


(©) 21 gigs 


(D) 11gs! (A.EM.C. 1997) 
Household electrical appliances are not usually connected 
in series, because A : 

(A) switching off an appliance would switch off the rest. 

(B) a fuse would blow, as soon as one appliance is used. 

(C) power consumption would be very much greater. 

(D) the appliances would get damaged due to high current. 
(Karnataka Entrance, 1991) 

A constant voltage is applied between the two ends of a 

uniform metallic wire. Some heat is developed in it. The 

heat developed is doubled, if 

(A) both the length and radius of wire are halved. 

(B) both length and radius of wire are doubled. 

(C) the radius of wire is doubled. 

(D) the length of the wire is doubled. (L.I.T. 1980) 

A resistor R, dissipates the power P, when connected to 

certain voltage supply. If a resistor R, is put in series with 

R,, the power dissipated by R; 

(A) decreases. (B) increases. 

(C) remains same. 

(D) Any of the above, depending upon the relative values 
of R, and R,. (C.P.M.T. 1985) 

Two identical batteries each of e.m.f. E= 2 V and internal 

resistance r=1Q are available to produce heat in an 

external resistance R = 0-5 Q by passing a current through 


eit. The maximum Joulean power that can be developed 


35." 


36. 


across R using these batteries is 

(A) 1:28 W (B) 2:0W 

(C) 8/9W (D) 3-2 W (C.B.S-E. 1990) 
A lamp of 6 V and 30 W is used in a laboratory, but the 
supply is 220 V. For this, following may be done: 

(i) Aresistance may be used in parallel with the lamp. 
(ii) ‘A resistance may be used in series with the lamp. 


“ (iii) The resistance should be of 42-8 Q. 


(A) (i, (ii) and (iii) (B) (i) and (ii) 

(C) (i and (iii) (D) (ii) or (iii) (N.D.A. 1994) 
It is well known that the resistance of the filament of an 
electric bulb changes with temperature. If an electric bulb 
rated 220 volt-100 watt is connected to a source of voltage 
220 x 0-8 volt, then actual power will be 

(A) 100 x 0-8 watt. (B) 100 x (0-8)? watt. 

(C) more than 100 x 0-8 watt, but less than 100 watt. 


‘ (D) more than 100 x (0-8)? watt, but less than 100 x 0-8 watt. 


37. 


38. 
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(C.P.M.T. 1989) 
You are given resistance wire of length 50 cm and a battery 
of negligible resistance. In which case, the maximum 
amount of heat is generated ? 

(A) When the wire is connected across the battery directly. 
(B) When the wire is divided into two parts and both the 
parts are connected across the battery in parallel. 

(C) When the wire is divided into four parts and all the four 

‘ “parts are connected across the battery in parallel. 
(D) When only half the wire is connected across the battery. 
(N.C.E.R.T. 1974) 
In the circuit as shown in figure, the heat produced in the 
5 Q resistor due to the current flowing in it is,10 cal ae 
he heat generated.in 4 & is 5 
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40. 


41. 


42. 


43. 
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Pia 
(A) lcals (B) 2 

(Ci 3cal 3! (D) 4 cals"! 
A battery of emf 10 V and internal resistance 0:5 ohm is 
connected across a variable resistance R. The value of R, 
for which the power delivered in it is maximum, is given 


by (C.B.S.E. 1992) 
(A) 2:0 ohm (B) 0:25 ohm 
(C) 1:0 ohm (D) 0:5 ohm 


A factory is served by a 220 V power supply line. In a circuit 

protected by a fuse marked 10 A, the maximum number of 

100 W lamps in parallel that can be turned on is 

(A) 11 (B) 22 ay : 

(C) 31 (D) 45 (C_E.T 1998) 

What is immaterial for an electric fuse ? 

(A) Its specific resistance 

(B) Its radius 

(C) Its length 

(D) Current flowing through it 

(E) None of above. (M.N.R. 1985) 

A fuse wire with a radius of 1 mm blows at 1-5 A. If the fuse 

wire of the same material should blow at 3-0 A, the radius 

of the wire must be 

(A) 4!/3 mm (B) 2mm 

(C) 0-5 mm (D) 8-0 mm re 
(Karnataka Entrance , 1991) 

Forty electric bulbs are connected in series across a 220 V 

supply. After one bulb gets fused, the remaining thirty nine 

bulbs are again connected in series across the same supply. 

The illumination will be 

(A) equal in both the cases. 

(B) more with 40 bulbs than with 39. 

(C) more with 39 bulbs than with 40. 

(D) in the ratio 40? : 392, 

A 100 W bulb B,, and two 60 W bulbs B, and B,, are 

connected to a 250 V source as shown in the figure. Now 


(L1.T. 1985) 
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(D) W,<W.<W3 


das B, Respectively Then 


B, B 
(A) W,>W,=W3 
By 
(B) W,>W,>W3 
(C) W,<W,=W3 
Wyler: 
250 V 


Three identical electric bulbs A, B and C are connected 
shown : 


What changes occur in brightness of the bulbs, when tk 

switch is closed ? 

(A) Brightness of A increases, but that of B decreases. 

(B) Brightness of A remains the same, but that of 
decreases. 

(C) Brightness of both A and B decreases. 

(D) Brightness of A increases, but that of B remains tk 
same. 

If 2:2 kW power is transmitted through a 10 © line ; 

22,000 V, the power loss in the form of heat will be 

(A) 01W (B) 1W 


(C) 10W (D) 100 W (M.P. 199. 


Chapter 4. Chemical effects of Current 


PART I, TEXT-BASED QUESTIONS 


A voltameter is an instrument 

(A) to measure the potential difference. 

(B) to determine the electrochemical equivalent. 

(C) to find the electrical power. 

(D) made up of a pile of voltmeters. 

(Karnataka Entrance, 1993) 

In an electrolyte, electric conduction is due to the flow of : 

(A) electrons (B) negative ions only 

(C) positive ions only 

(D) both the negative and positive ions. 

When current is passed through water voltameter, 

hydrogen is liberated at : 

(A) anode (B) cathode 

(C) escapes to atmosphere 

(D). remains in water. 

When a current is passed through water acidified with a 

dilute sulphuric acid, the gases formed at the platinum 

electrodes are : 

(A) 1 volume hydrogen (cathode) and 2 volume oxygen 
(anode) 

(B) 2 volume hydrogen (cathode) and 1 donne oxygen 
(anode) . 

(C) 1 volume hydrogen (cathode) and 1 volume oxygen 
(anode) 

(D) 1 volume oxygen (cathode) and 2 volume hydrogen 

'» Caniode) ” (Karnataka Exttrance, 1994) 


Wi TO) 
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Copper sulphate solution has a direct current passe 
through it using platinum electrodes. The substanc 
liberated at the electrode are : 
(A) oxygen at anode and hydrogen at cathode. 
(B) hydrogen at anode and oxygen at cathode. 
(C) hydrogen at anode and copper at cathode. 
(D) oxygen at anode and copper at cathode. 
The current inside a copper voltameter 
(A) is half the outside value. 
(B) is the same as the outside value. 
(C) is twice the outside value. 
(D) depends on the concentration of CuSO,. 
(Roorkee, 199 
The electrochemical equivalent of a metal is 3-3 x 10 
kg C-!. The mass of the metal liberated at the cathod 
when a 3 A current is passed for 2 s will be- 
(A) 1-1 x 10°7 kg (B) 66x 10-7 ke. *8 
(C) 9-9 x 10 kg (D) 19-8 x 107 kg ee , 
(S.G:R.A.:199 
If nearly 10° C of charge liberates 1 gram equivalent « 
aluminium, then the amount of aluminium (equivale: 
weight = 9) is deposited through electrolysis in-20 min t 
a current of 50 A Mate be — —~- 
(B) 1:8 gwol x9 rect 
(C) 5-4¢ (D) 10-8 tC Risk 199 
In an electroplating experiment, Wn gram bY silver. 
deposited, when 4 ampere of current flows for’2 minute 


10. 


11. 


12. 


14. 


7. 


ss Gidea) Bik He, 
The amount (in gram) of silver deposited by 6 ampere of 


current flowing for 40 seconds will be 


(A) 4m (B) m/2 

(C) m/4 (D) 2m (M.N.R. 1991) 
In producing chlorine through the process of electrolysis, 
100 kW power at 125 V is being consumed. E.C.E. for 


chlorine = 0-367 x 10 kg C-!. How much chlorine per 


minute is being liberated ? 

(A) 367 ¢ (B) 3-67 ¢ 

(C) 17-62 (D) 18-6 

A current passing through a copper voltameter deposits 

0-002 kg of copper on the cathode plate in 190 minutes. If 

there are 1075 atoms in 1 kg of copper, the electric charge 

delivered to the cathode by Cu** ions per second will be 

(A) 0-53 C (B) 0-71C 

(C) 1:06C (D) 10-06 C (A.M.U. 1999) 

In view of chemical effect of electricity, Faraday constant 

is equal to the ratio of 

(A) electrochemical equivalent to the chemical equivalent. 

(B) electrochemical equivalent to the gram equivalent. 

(C) gram equivalent to the electrochemicai equivalent. 

(D) chemical equivalent to the electrochemical equivalent. 
(S.C.R.A. 1994) 

In electrolysis, the mass deposited on an electrode is 

directly proportional to 

(A) current {B) 

(C) concentration of solution 

(D) inverse of current. (C.B.S.E. 2000) 

The masses of different substances liberated in electrolysis 

by the same quantity of electricity are proportional to their : 

(A) atomic masses. 

(B) ratios of the atomic mass and valency. 

(C) valencies. 

(D) products of atomic mass and valency. 

Silver and zinc voltameters are connected in series and a 

current is passed through them for time t. If the mass of 

zinc liberated is m, the mass of silver deposited would be 


square of current 


nearly 
(A) m (B) 1-7 m 
(C) 24m (D) 33m (N.C.E.R.T. 1976) 


A copper voltameter and silver voltameter are connected 
in series in a circuit. The rate of the increase in the weights 
of the cathodes in the two voltameters will be : 

(A) in the ratio of the densities of Cu and Ag. 

(B) in the ratio of the atomic weights of Cu and Ag. 

(C) in the ratio of half the atomic weight of Ag to the atomic 
weight of Cu. 

in the ratio of half the atomic weight of Cu to the atomic 
weight of Ag. 

Faraday constant EF Avogadro number N and electronic 
charge e are related with each other by : 


(D) 


é 

F=— Fe — 

(A) F : (B) N 
(C) Fe Ne (D) F=Ne? 


On passing a charge of 2 faraday through a copper 
voltameter, the mass of copper ions liberated will be : 


(A) 128g (B) 16g 
(C) B2g (D) 64¢ 
Vi] 
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When current flows, eareugh a conductor, heat is peace: 
oo Thisaigy, 
(B) Thomson B aly > ae mt 
(D) Joule jeffect 
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The commercial aluminium (trivalent, atomic weight=27) 
is generally obtained by electrolysis. The total charge 
required (1 faraday = 96500 C) to deposit 9 g of aluminium 
is: 
(A) 3266:6 C (B) 96500 C 
(C) 65900 C (D) 289-5 C 
Electroplating does not help metals to 
(A) give fine finish to the surface. 
(B) give shining appearance. 
(C) become hard. 
(D) to protect against corrision. (A.L.I.M.S. 1998) 
Which of the following statements is not correct ? 
(A) Ina voltaic cell, the anode and cathode are copper and 
zinc rod respéctively. 
Leclanche cell suffers from polarisation. 
(C) Dry cell is basically a lechanche cell. 
(D) Edison alkali cell is a primary cell. 
The equation 

Zn + 2 NH,Cl——> 2 NH, + ZnCl, +2H+2e 
represents the : 
(A) dry cell 
(C) Leclanche cell 


(M.N.R. 1982) 


(B) 


(B) Daniel cell 
(D) none of these. 
(A.LI.M.S. 1988) 
Which of the following statements is not correct ? 
(A) A primary ceil is an electrochemical cell. 
(B) After charging, a primary cell can be again put to use. 
(C) Dry cell is a primary cell. 
(D) Leclanche cell is used in experiments, where constant 
supply of current is not needed. 
The efficiency of a modern accumulator is of the order of : 
(A) 100% (B) 70% 
(C) 50% (D) 33% 


PART Il. THOUGHT-BASED QUESTIONS 
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The E.C.E. of a substance is equal to the product of its 
chemical equivalent and the E.C.E. of : 

(A) oxygen (B) hydrogen 

(C) copper (D) platinum 

How much electricity must pass through acidulated water 
to release 22,460 cm? of hydrogen at N.T.P. ? 

(A) 96500 C (B) 193000 C 

(C) 22:4C (D) 95-5.C 

The electric charge for electrode deposition of one gram 
equivalent of substance is 

(A) one ampere per second. 

(B) 96500 coulomb per second. 

(C) one ampere per hour. 

(D) charge on one mole electron. (LT. 1984) 
In a lead accumulator, the plates are placed close te each 
other ; as 

(A) it makes the lead accumulator sturdy. 

(B) it increases the e.m.f. of the accumulator. 

(C) it decreases the internal resistance of the accumulator. 
(D) it increases the life span of the accumulator. 
Which of the following statements is not correct ? A lead 
accumulator of 20 ampere-hour can supply : 

(A) 20 A current for 20 hours. 

(B) 1A current for 20 hours. 

(C) 20 Acurrent for 1 hour. 

(D) 0-1 A current for 200 hours. 


Chapter 5. Thermoelectric effect 


2. Which of the following statements is correct ? The thermo 


joo @-m.£, of a thermocouple : 


(A) is independent of the nature of the pair of metals used. 
(B)_ depends upon the temperature of cold junction alone. 


i cy ‘depends upon the temperature of hot Re ana. 


(D) ‘depends upon the temperature of cold junction and the . 


Weir 


For a thermocouple, the thermo e.m. may be: 
(A) zero (B) positive * fp} 
(C) negative (D) any of the above. 


or absorbed. This effect is dalled : 
* (A) Peltier effect ‘(B) Seebeck effect 
(C) Thomson effect ‘(D) none of the above. 


As the temperature of hot junction is eine ne thermo- PARE Il. THOUGHT- BASED QUESTIONS 


‘dalla 
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‘r 33(C) Ey>E, 
13. 


<a The respective temperature of cold and hot junctions of 
Sb-Bi and a Cu-Fe thermocouples are same. If E, and E, 
thermo-e.m.f. developed in the two cases, then : 

v (A) E, =E, (B) E,<E, 

(D) cannot be predicted. 
A copper wire AB and an iron wire AC are joined at A. T 
junction A is kept at 0°C and the free ends of t 
arrangement of the two wires are maintained at 100° 
Then, a potential difference exists between 

»‘(A) the two ends of the copper wire. 
(B) the two ends of the iron wire. 
(C) the free ends of the arrangement of two wires. 
(D) the ends of the two wires forming the junction. 
At the temperature of inversion, thermo-electric current 
a Cu-Fe thermocouple 
(A) flows from Cu to Fe through hot junction. 
(B) flows from Fe to Cu through hot junction. 
(C) is maximum. 
(D) does not depend upon the temperature of cold junctic 
The plot showing the variation of thermo-e.m.f. wi 
temperature of the hot junction of a thermocouple is 
(A) parabolic (B) circular 
(C) hyperbolic (D) elliptical. 
The cold junction of a silver-lead thermocouple is kept 
0°C. If the values of constantsa and for the thermocouy 
are 2-50 uV °C-1and 0-012 nV °C-? respectively, then 
increasing the temperature of the other junction, 
(A) no thermo-e.m.f. will be produced. 
(B) no thermoelectric current will be produced. 
(C) no neutral temperature will be obtained. 
(D) no inversion temperature will be obtained. 
In a certain range of temperature, a copper-constant 
thermocouple produces a thermo-e.m.f. of 40 «VV °C1. 
galvanometer of resistance 10 ©2 and capable of detecti 
current of the order of 1 w~A is used to measure t 
temperature. What is the smallest temperature that c 
be measured by the galvanometer ? 


1 1 

Ber inte) aa 
(A) a9 ¢ ) 4 
(C) 4°C (D) 400 °C 


4. 
e.m.f. produced : 
(A) is always positive. 
(B) may be positive or negative. 
(C) always increases with temperature. 
(D) first increases with temperature and then Gecteases| but 
never becomes negative. 
5. The temperature of a hot junction, at which the'thermo- 
e.m.f. is maximum, is 
(A) neutral temperature. 
(B) transitional temperature. 
(C) temperature of inversion. a 
(D) null temperature. (Karnataka Entrance, 1984) 
6. Above neutral temperature, thermo-e.m.f. : 
(A) changes sign. (B) is constant. 
(C) increases with rise in temperature. 
(D) decreases with rise in temperature. 
7. The thermoelectric power is the rate of change of thermo- 
e.m.f. with 
(A) temperature (B) time 
(C) resistance (D) current. 
(Karnataka Entrance, 1990) 
8. The thermo e.m.f. E (in volt) of a certain thermocouple is 
found to vary with temperature 6 (in °C) in accordance with 
the relation, 
Q2 
E=400=—, 
20 
where 0@ is the temperature of the hot junction, the cold 
junction being kept at 0°C. The neutral temperature of 
thermocouple is 
(A) 100°C (B) 200°C 
(C) 300°C (D) 400°C 
9. A thermopile is a number of thermocouples connected in 
(A) series (B) parallel 
(C) either series or parallel 
(D) both series and parallel. (Karnataka Entrance , 1989) 
10. Thermopile is used for: 
(A) measuring the e.m-f. 
(B) measuring the current. 
(C) converting heat energy into electrical energy. 
(D) measuring and detecting the heat radiation. 
11. When different parts of a metal are kept at different 
ibaa and current is passed through it, the heat is 
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Magnetic Effect of Current 

Motion of Charged Particle 
Magnetic Dipole 

Earth’s Magnetism 

Classification of Magnetic Materials 


“Microscopic currents within magnets account for their magnetism.” 
— Andre-Marie Ampere 
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CHAPTER 


1 
Magnetic Effect of Current 


8 4.01. CONCEPT OF MAGNETIC FIELD Quotable Quote 

The space aound a current carrying conductor, in which its magnetic effect can be ““T pane little to say on M. Oersted’s 
cperienced, is called magnetic field. pe for icy io) fess r PES Bese 

When current is passed through a conductor, it modifies the space around the cnet oa ip” 4 
mnductor. If a magnetic pole* is placed at a point near the conductor, the magnetic 4 gb 
ole experiences force due to the current carrying conductor. The force between the 
iagnetic pole and the current carrying conductor may be visualised as a two-step 
rocess. The current through the conductor produces something, called magnetic 
eld, in the space around the conductor and this magnetic field exerts a force on 
ny magnetic pole placed in the field. The magnetic field has its own existence and 
present even if there is no magnetic pole to experience the force. The magnetic 
eld due to a current carrying conductor falls off inversely as the distance from the 
onductor. 

The electric and magnetic fields differ from each other on the following 
ccounts : 

1. Whereas the source of electric field is electric charge (a scalar quantity), the Te ee 
yurce of magnetic field is current element (a vector quantity). To elaborate, the The source of electric field is electric 
surce of magnetic field is not a magnetic charge, the analogue of electric charge. charge. Since an isolated magnetic pole 
is because, an isolated magnetic pole does not exist. does not exist, source of magnetic field is 

2. Further, there is a qualitative difference between the lines of electric field due not a magnetic charge (analogue of 
) a charge distribution with net charge and the lines of magnetic field due toa __ electric charge) ! 
arrent distribution. Whereas the lines of electric field due to a charge distribution 
art from one point and end at some other point, the lines of magnetic field due 
) a current element start and end at the same point i.e. they form closed loops. 


MS 1.02. OERSTED’S EXPERIMENT 

In 1820, the Danish scientist Oersted discovered the magnetic effect of electric 
urrent. 

Oersted found that when a wire AB carrying current was held over a magnetic 
eedle NS, such that electric current passed from the end A of the wire to the end 
[Fig. 1.01], the north pole of the needle got deflected towards west (into the paper). 
m holding the wire below the magnetic needle, the north pole of the needle got 
eflected in the opposite direction. It indicated that magnetic lines of force below 
nd above the needle are directed in the opposite directions. Thus, Oersted’s 
xperiment led to the discovery that when electric current passes through a 
onductor, magnetic field is produced around it. If a strong current is passed through 
conductor, then magnetic field produced around the conductor is also very strong 
nd the earth’s magnetic field may be neglected in its comparison. In such a case, 
1agnetic lines of force near the conductor are found to be circular. The direction of 
1agnetic field lines due to a straight current carrying conductor may be found by 
pplying right hand thumb rule or Maxwell’s cork screw rule’. 

When electric current is passed through a circular conductor, the magnetic field 
nes near the centre of the conductor are almost straight. The direction of magnetic 
eld lines may be found by applying right hand fist rule. 


8 1.03. BIOT SAVART’S LAW *. 


Biot Savart’s law is a basic law of electricity and magnetism. It is used to find 
1e magnetic field at a point due to a current carrying conductor. 


*Till today, an isolated pole (or magnetic monopole) has not been detected. 


tRor discussion of the rules, refer to section 1.04. 


— Michael Faraday 


Fig. 1.01 


341 


gn p a 
dl carrying a current I at a DDine at distance? ris even 13 
Li, Idlsin@ 


40 r- 
where 0 is the angle between the direction of flow of current and the line joining 
the small conductor to the observation point. 

Consider a conductor XY, through which current I is flowing [Fig. 1.02]. Due 
to flow of current, a magnetic field is produced around the conductor XY. Suppose 
that we have to find magnetic field at point P due to the current flowing through 
the conductor XY. Consider a small elementary portion AB = dl of the conductor. 
Let r be the distance of the observation point P (the point, at which strength of 
magnetic field is to be found) from the centre C of the elementary portion AB. Biot 
and Savart found that the small magnetic field produced at point P due to current 
flowing through the elementary portion AB is 

(i) directly proportional to the current i.e. 

dB «J 
directly proportional to the length of the elementary portion i.e. 
aB « dl 
directly proportional to sine of the angle @ between the direction of the flow of 
current and the line joining the elementary portion to the observation point 1.e. 
dB « sin@ 

It may be noted that for all the points along the length of the current element, 
0 =0 and hence at such points, dB = 0. Further, for all points lying in a plane to 
which the current element is perpendicular, 9 = 90° and hence at points at a given 
distance in this plane, the magnetic field dB is maximum. 

(iv) inversely proportional to the square of the distance r fie the point P from the 
elementary portion i.e. 
1 
dB« ei 
It is known as inverse square law. 
Combining all the above factors, we have 


, 


(ii) 
(iii) 


JB « I dl sin @ 
r2 
aie 
ue Pa adh 1.01) 


where k is the constant of proportionality. Its value depends upon the nature of 
medium between the observation point and the current carrying conductor and the 
system of units used to measure the quantities involved. If the conductor and the 
observation point lie in vacuum, then in SI, 


k=" =107 TA? m=10’ WhA!m! ¢:1T=1Wbm”) 
14 


Here, py is called absolute permeability of vacuum or free space. 
Therefore, in SI, Biot Savart’s law may be expressed as 
Lt Idlsiné 
aE mead Th ...(1.02) 
The equation (1.02) gives the magnitude of the magnetic field produced due 
to a small current element. When the current flows through the elementary portion 
AB in the direction as shown in Fig. 1.01, the magnetic field at point P is directed 
perpendicular to the plane of paper and in inward direction. 
The direction of magnetic field produced can be known easily by expressing 


Biot Savart’s law in vector form. If 7 is a unit vector along CP, then the small 
magnetic field (both in magnitude and direction) produced at point P is given by 


il A 
ee I 
diate: ee (1.03) 
> 4 a r 
Here, I dl is taken as a vector in the direction of flow of current. 
—=  —-> 
If CP =r, then the above result may be expressed as 
> FD 
o: Id 
ian 1.1.04) 


Self-test Question ? 


|The jargon ..... ee 


Biot Savart’s law is also known 
Laplace’s law. 


Fig. 1.02 : 


When the observation point lies alone the 


length of the current element lal, 
magnetic field is zero. On the other har 
for a given distance from the current 
element, field is maximum, when the 
observation point is located along a 
direction perpendicular to it. Why ? 


Self-test Question ? 


= 
Show that in terms of current density : mil 
equation (1.04) may be eRe as’ 


> 
dB over the entire length of the conductor i.e. magnetic field due to the whole 
conductor at the point P is given by 


rd 

= oe Idlx 

Bo dB = 7 ; : ...(1.05) 
'¢ 


The integral in the above equation can be evaluated by knowing the proper 
limits of the problem. 


_ — _ 
Direction of dB. The direction of dB is same as that of the vector! dl x r. It 


st 
follows that at point P, the vector dB is perpendicular to the plane of the paper and is 
directed inwards. 


gag 1.04. RULESTO FIND DIRECTION OF MAGNETIC FIELD 


The direction of magnetic field due to a current carrying conductor can be found 
by applying the following two rules : 

Right hand thumb rule. If we grasp the conductor in the palm of the right hand so 
that the thumb points in the direction of the flow of current, then the direction in which the 
fingers curl, gives the direction of magnetic field lines. This rule is illustrated in Fig. 1.03. 

It follows that magnetic field is in the form of concentric circles, whose centres 
lie on the straight conductor. 

Maxwell’s cork screw rule. If a right handed cork screw is rotated so that it moves 
in the direction of flow of current through the conductor, then the direction of the rotation 
of the screw gives the direction of magnetic field lines. This rule is illustrated in Fig. 1.04. 

Forthecurrent flowing through the conductorin the directionshownin Figs. 1.03 
or 1.04,boththerules predict thatmagnetic field lines willbe in anticlockwise direction, 
whenseen fromabove. 
meme 1.05. MAGNETIC FIELD DUE TO CURRENT FLOWING INA 

STRAIGHT CONDUCTOR 


Consider a long straight conductor XY, through which current lis flowing from 
the ends X to Y as shown in Fig. 1.05. Then, magnetic field will be set up around 
the conductor. Suppose that we want to find magnetic field at point P, which is 
located at a perpendicular distance PM = a from the conductor. Tc do so, consider 


an infinitesimally small portion AB of length d/l. Suppose that PA=rand Z PAM : 


= 9. Then, according to Biot-Savart’s law, strength of magnetic field at point P due 
to small portion AB is given by 


=F Tf 
fg 2 to DAS fe 
41 r2 


> A 
where I dl is a vector in the direction of flow of current and r is a unit vector along 
— 


AP. The direction of magnetic field dB at point P due to the small current element 


— 
AB points in the direction I dl x r i.e. perpendicular to the plane of the paper and 
in inward direction. The magnitude of the small magnetic field at point P due to 
current element AB is given by 


Ly Idlsin@ 


aB=— ele) 
- a (1.06) 


Since the element AB is infinitesimally small, practically Z PBM = 2 PAM = 8. 
Drop AN perpendicular to BP. Then, from right angled triangle ABN, we have 


AN =dlsin@ ...(1.07) 
Let Z MPA = ¢ and Z APB = d¢. Then, 
AN =r do ...(1.08) 
From equations (1.07) and (1.08), we have 
dl sin@ =rdo 
Substituting for dl sin # in equation (1.05), we have 
peemay Soop ed rey ...(1.09) 


BRO 7 ARO 
From right angled triangle AMP, we have 


a 
cosg@=— or r= 
r cos p 


cto XY ‘is obtained by integrating. 
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Substituting for r in equation (1.09), we 
gp uitorseaainay 
4n a 


Join PX and PY. Let Z MPY = ¢, (in clockwise direction) and 4 MPX =—@, (in 
anticlockwise direction). Then, magnetic field due to the whole length of the 
conductor can be found by integrating dB given by the above equation within limits 
— > to ¢, . Thus, the magnetic field due to current flowing thrguah the whole 
conductor XY, 


1 91 
B= [a= js Hans cos g dp = 0. = [cos de 
-  -% _ 
Uu I 71 
earls ro ta = | sin gy ~ sin (- go) | 
oF pation! ing dinyay (1.10) 
4m a 


It gives the magnetic field due to a current carrying straight conductor of finite 
length. 


Special case. If the conductor is infinitely long, then 9) = ¢2 = a Hence, the 


magnetic field at point P due to current flowing through an infinitely long conductor 


is given by 
p=He..1{sin% + sin 
4m a 2 2 
oy pe Ho . 21 (1.11) 
Ana 


The direction of magnetic field is determined by the cross product of the 


> — 
vector I dl and? ic. byIdl x r, where 7 is a unit vector along AP. Therefore, at point 


P the direction of magnetic field due to the small current element or due to the whole 
conductor will be along perpendicular to the plane of paper and in inward direction. 

The direction of the magnetic field can also be found by making use of the right 
hand thumb rule or Maxwell’s cork screw rule described in section 1.04. 


mae 1-06. MAGNETIC FIELD AT THE CENTRE OF A CIRCULAR LOOP 


Consider a circular loop of radius a, centre O and carrying current I as shown 
in Fig. 1.06. In order to find magnetic field at point O, the centre of the loop, consider 
an infinitesimally small length AB = dl of the loop. Join the centre O of the loop to 
the middle point C of the current element AB. Obviously, ZACO is equal to 90°. 

According to Biot-Savart’s law, the magnetic field at point O due to the current 
element AB is given by 


ms ——- N 
where I di = 1 ( AB) is a vector in the direction of flow of current through AB and r is 


a 
a unit vector along CO. The magnetic field dB at point O due to the small current 


Pan Tk 
element AB points in the direction of I dl x r i.e. perpendicular to the plane of the 


a 
loop and in inward direction. Since angle between I d! and ris 90°, the magnitude 


of magnetic field at point O due to the current element AB is given by 
apa Ho. Lal 
An a 
Hence, the magnetic field at point O due to the whole circular loop is given 
by 
fo kat flo. xf dl 
4 az 4a az 


p={ a= 


Now, dl= circumference of the loop =2 7a 


Self-test Question 


Show that magnetic field due to a 
infinitely long current carrying conductc 
at a point near its one end is given by 


Shy tT 


Fig. 1.06 


When current I flows through tw 
concentric circular conductors of radii a 
and Ay, Net magnetic field a ret centr 
is given by 


Reed ca : 
f 4a Lay a 


when current flows i in same direction an 
by the relation 


Bering St ; 
4n ay. ay). 


when current flows in opposite directio 


through the two circular conductors. 


/ 


Therefore, -— (27 a) 
4n a 
or paws oe) #1012) 
Grid ati 
In case the circular loop has n turns, then 
Parr nL 
EE Saad tyes 
re i males) 


Direction of magnetic field. The whole circular loop may be supposed to be 
divided into a large number of current elements, such as AB. Since the direction of 
magnetic field produced at point O due to each current element is same, the magnetic 
field due to whole of the circular loop will be same as that due to the current element 
ABi.e. magnetic field B will be perpendicular to the plane of the loop and in inward 
direction. In general, if current through a loop flows in clockwise direction, then 
direction of magnetic field at its centre is perpendicular to the plane of the loop and 
in inward direction. On the other hand, if the current flows through the loop in 
anticlockwise direction, then direction of magnetic field at its centre is perpendicular 
to the plane of the loop and in outward direction. 

Fig. 1.08 explains a useful method to know the direction of the magnetic field, 
when the current flows through a circular loop. The face of the loop, in which the 
current appears to flow anticlockwise [Fig. 1.07 (a)], acts as magnetic north pole. 
On the other hand, if the current appears to flow through the face of the loop in 
clockwise direction [Fig. 1.07 (b)], then the face acts as magnetic south pole. In both 
the cases, the magnetic field at the centre of the loop is directed along normal to the 
plane of the loop. 


gues 1.07. MAGNETIC FIELD AT A POINT ONTHE AXIS OF A LOOP 
Consider a circular loop of radiusa, centre O and carrying a current I as shown 


in Fig. 1.08. The plane of the loop (YZ-plane) is perpendicular to the plane of the 
paper, while the axis of the loop ( i.e. OX or X-axis) lies in the plane of the paper. 


Fig. 1.08 

Let P be the point on the axis of the loop at a distance OP = x from its centre O, 
where the magnetic field due to the circular loop has to be determined. In order to 
do so, consider an infinitesimally small length AB = dl of the loop. Join the point 
P to the middle point C of the current element AB. Suppose that CP =r. Obviously, 
Z BCP (or Z ACP) is equal to 90°. 

According to Biot Savart’s law, the magnetic field due to the current element 
AB at point P is given by 


Soe cK 
‘je lela 
4 2 


= —- 
where I dl =I(AB)is a vector in the direction of flow of current through AB and 
A 


— 
ris a unit vector along CP. The magnetic field dB at point P due to the small current 


Self-test Question Md 


Show that magnetic field due to a part of 
current carrying circular conductor is 


where @ is angle, which the circular part 
subtends at its centre. 


Key point ff 


Magnetic field due to a current carrying 
circular conductor is non-uniform. 
However, it may be considered as uniform 
(for practical purposes) at its centre. 


Fig. 1.07 (a) Fig. 1.07 (b) 


eos : 
element AB points in the direction of vector I dl x 7 and it has been represented by 


eee => A a 
the vector PL. As the angle between] dl and r is 90°, the magnitude of dB is given 
by 
u, Idl 
dB =—2 .—— (1.14) 
An r2 ( 


Let us consider the smali element A’B’ = dl located just opposite to the element 


AB. The magnetic field dB’ due to the current element A’B’ has the magnitude same 
od 
as that due to the current element AB but its direction is that of vector PM. Thus, 
= = 
“ty |dB|=1dB'! 

Both dB and dB’ can be resolved into two mutually perpendicular components 
along PX and ZZ’. The components of the magnetic fields due to current elements 
AB and A’B’ along ZZ’ cancel each other, as they are equal in magnitude and 
opposite in direction. The same will hold for such other pairs of current elements 
over the entire circumference of the loop. Therefore, due to the various current 
elements, the components of magnetic field only along PX will contribute to the 
magnetic field due to the whole loop at point P. 

If Z OPC = Z OPC’ = @, then Z ZPL = Z Z’ PM = @. Therefore, 

effective component of magnetic field due to a current element = dB sin 0 

(along PX) 

The magnetic field at point P due to the whole loop is obtained by integrating 
dB sin 0 over the circumference of the loop. Therefore, the magnetic field at point P 
due to the whole circular loop, 


B= fapsino=f #0. °F sing = Ho. sino hal 
rR 


r2 4n r2 
Now, pat = 2 a, circumference of the loop of radius a 
2a1 
peter les Og fe pe nd SOE 
40 r2 An r2 


From right angled triangle OPC, sin @ = eo 


r 
2 
pa Lo 2014 a _ Mo 2nla 


An 72 Pra OR 
But r = (a2 + x2)!/2 
[i the eta 


aA TLS) 


AN (a2 4+x2)9/2 

If the circular loop consists of n turns, then strength of the magnetic field at 

point P due to the loop will ben times the magnetic field due to a loop of single turn 

i.e. n times the magnetic field given by the equation (1.15). Therefore, for a loop of 
n turns, 


2 
“flo! #ela 
= ion * Ge eee ...(1.16) 


The equations (1.15) and (1.16) give the magnitude of the magnetic field 
produced due to the flow of current through a circular loop at a point on its axis. 
For the current flowing in the direction as shown in Fig. 1.10, the direction of the 
magnetic field produced due to the loop is along PX. 

Special cases. Let us consider the following two cases : 

1. Magnetic field at the centre of the loop. When the point P lies at the centre 
of the loop, x = 0. Therefore, setting x = 0 in equation (1.15), we have 


pote 21 


4n a 
It gives the magnetic field due to a current carrying circular loop of radius a 
at its centre and is the same as obtained in the form of equation (1.12). 


.-(1.17) 


{ 


Key point . ON g 


For a point on the axis of a circular ¢ 
carrying current, magnetic field 
maximum at the centre of the coil. 


or a circular loop of n turns, the expression will be 
2 ey id (1.18) 


40 a 
2. When the observation point lies far away from the centre of the loop. In case 
e observation point P lies at a distance very large as compared to the radius of 
e loop i.e. if x >> a, then in equation (1.15), a” can be neglected as compared to 
_ Therefore, in such a case, 


eee, 
el (1.19) 
4n x? 
But z a2 =A, the area of the circular loop . Therefore, equation (1.19) becomes 
B= Ho é 21A ...(1.20) 
4n x? 


The equations (1.19) and (1.20) give the magnetic field due to a current carrying 
cular loop at a far away point on the axis of the loop. 
Similarly, for a loop of n turns, 


2 
pots 2enla _ My 2nlA A121) 
An x 4n x 


ga 1.08. AMPERE’S CIRCUITAL LAW 


— 
It states that the line integral of magnetic field ( B ) around any closed path or circuit 


equal to 1, (absolute permeability of free space) times the total current (I) threading the 
sed circuit. 


37 FD 
Mathematically, ?B.dl=pu)1 salh22) 


Ampere’s circuital law can be proved, when a current threads a closed path 
‘any shape. However, before proving Ampere’s circuital law for any arbitrary 
osed path, we first prove it for a special case i.e. for a circular path around a long 
rent carrying conductor. 

(a) To prove Ampere’s circuital law for a circular path. Consider a long straight 
mductor XY, such that a current! flows through it from the end X to Y [Fig. 1.09]. 
ue to flow of current through the conductor, the magnetic field will be produced 
‘ound it. 

— + = 

Consider a small element of length PQ (= dl) of the circular path. Let B be the 
rength of magnetic field at point P. According to the right hand thumb rule, the 
rection of magnetic field at point P is along tangent to the circular path at that point. 


~ os 
bviously, the vectors B and dl are along the same direction. Hence, the line integral 


‘ magnetic field over the closed circular path is given by 


— 
B. al= | B dl cos or=f Bdl (1.28) 


The magnitude of magnetic field due to the current carrying straight conductor 
point P is given by 
5 ieiplat teat 
4n fr 
In fact, the magnitude of magnetic field is same for all the points on the circular 
ath around the conductor. Substituting for B in equation (1.23), we have 


3 FSF 
B.di= fH 7" y= Bo = ba 
AK Tf ATT 


Now, fa = circumference of the circle of radius r=2 7 r 


> OS 
Eigen. 2 er or B.dl=p, 1 
4n rT 
It proves Ampere’s circuital law. 
It may be noted that the magnitude of magnetic field at a point on the circular 
ath changes with the change in radius of the circular path but the line integral 


f B over any closed circular path will be independent of its radius i.e. equal to 1) 
mes the current threading the circle. 


ae 


(b) To prove cere’ s 


arbitrary closed path around a long straight concent? XY carrying currentlas — 


shown in Fig. 1.10. Divide the circular path into a large number of segments of — 


a a a a 
infinitesimally small lengths AB (=dl1), BC (=dl2), CD (=dl3),....... .Suppose © 


that these segments of small lengths subtend angles d0,, d05, 40; ..... at the point O, 
through which the conductor passes. Obviously, 


dO, + d0, + d0,....=27 (1.24) 
Suppose that all the segments AB, BC, CD. ........ are small circular arcs of radii 
11, To, Tz, - respectively. Then, 
d0, = le da, = oe dO, = eee me heday 
‘2 rs 
ox Ate ideas 2 7.7 8 
If B,, Bo, B3..... are strengths of B along dl, dlz, dls ......... , then the line 
aed 
integral of B along the arbitrary closed path can be expressed as 
een ee ae 73> (38 3 
B-dl= B,- dl, + By: dl = B3 - dl + hence = B, (dl,) + Bo(dlz) + B3(dl3) + ange 
21 at 21 
Now, ppentiant 2p Bees pee sere 
4 @ 4X ‘ 4 4 
_ 
$B dj = Ho = (ay) + ame = (al y+ fo = (dls) + a 


fee te. ) 
4t rh rp 13 
Using equation (1.25), we obtain 


{Bai dlc qq 21(d01 +402 +405 + wr ) 
Again, using Mie (1.24), we have 


gat 5 Sy, 
$B-di- 21022) 
An 


or B-di= pct 


It proves Ampere’s circuital law in a general case. 
mu 1.09. APPLICATIONS OF AMPERE’S CIRCUITAL LAW 

We now apply Ampere’s circuital law so as to obtain expressions for magnetic 
field due to current flowing through a long straight conductor, a long straight 
solenoid and a toroidal solenoid. 

1. Magnetic field due to a long current carrying wire. Consider an infinitely 
long wire XY carrying current I as shown in Fig. 1.09. Suppose that P is the point at 
a distance r from the conductor, where the magnetic field due to the current carrying 
wire is to be determined. Draw a circle of radius r passing through point P, such 
that the wire XY is normal to the plane of the circle and passes through its cent centre. 
If B is the magnetic field at point P due to the current carrying wire and PQ = di is 
smal! element of the circle drawn around the wire, then 


. a 
line integral of magnetic field along the circular path= | B.dl 


Since the current threading the circular path is I ; according to Ampere’s circuital 
law, we have 


? 


ae 
B..dl=yty i e(i26) 
ee 2 . 
Now, the angle between the vectors B and dl is 0°. Therefore, 
> 5 
|B. dl=}Bdlcoso?=4Bdl=B fal 


But fa = 2” r= circumference of all the circular path of radius r 


3 5 
Bral=BxX 227 ..(1.27) 


SPOR ISS ES 


Bx2ar=p)1 


or B= Mol = Ho 21 
2 Tl Ae aT 
| It gives the strength of magnetic field due to an infinitely long current carrying 
wire at a point at distance r from it. 

2. Magnetic field due to a long straight solenoid. A solenoid is a tightly wound 
helical loop from an insulted wire, such that its length is very large as compared to its 
diameter. 

Consider a long straight solenoid having n turns per unit length and wound 
on a cylindrical former. When current I is passed through it, magnetic field is 
produced due to the solenoid as shown in Fig. 1.11. 

It may be pointed out that the magnetic field produced by a straight solenoid 

is similar to that produced by a magnetic dipole. At points well inside the solenoid, 


— 
the magnetic field is uniform and parallel to the length of the solenoid. Let B be 
the strength of the magnetic field at a point well inside the solenoid. 


aN 

In order to determine B, consider a rectangular closed path ABCD as shown 
in Fig. 1.12. Let the length of the rectangle be AB = L. Obviously, the number of turns 
of the solenoid enclosed by the rectangle is equal to n L. Since the current threads 
the rectangle nL times, according to Ampere’s circuital law, line integral of magnetic 


— 
field B along the path ABCD is equal to pt, (n LD), i.e. 


a 
$B .dl=p. (nLD £1.28) 
ABCD 
B iC D A 
34 — 3.3 > => 
Now, fB.di=[B.d+[B.d+[B.adl+ [Bal 4.29) 
ABCD A B Cc D 


— 
Since direction of B is perpendicular to BC and AD, 
Cc. = ty jute cea 
[B.ai=]B.al-o 
B D 


For a solenoid, whose length is much larger than its diameter, the magnetic field 
at points outside the solenoid is practically zero. Therefore, 


D 
2 5 

[B.a=0 

as 

Using the above results, equation (1.29) becomes 
3 éOG B ens an =) 
B.di=[B.d+0+0+0-[B ai 
ABCD A A 


=> > 
As along the pathAB, B and dl are along the same direction, the angle between 
> > 
B and dl is zero. Therefore, 


B B 
—>mey 
fBdi= | Batcoso°=B Jal 
ABCD A a 


B 
Now, fa = length of the side AB of the rectangle ABCD = L 
A 


a 
B.dl=BL (1.30) 


ABCD 
From equations (1.28) and (1.30), we have 
BL=yp,(a2LI) 


Fig. 1.12 


Or en eee ae Wee dia 6 3 

It may be pointed out that in case of a straight long solenoid, magnetic field is 
given by the above formula only at a point well inside the solenoid. At points near 
its end, the magnetic field is given by 


if 
Bend = 2 H, ni (1.32) 
: Note. If the solenoid i is wound on a core 2 ofa | ma 
Fg gies Hy t then ak 
¥ BG = Hp un T 
Since Ho lig “Hy the absolute permeability of th 
se be) (Beal 


3. | Maghetis field due to a toroidal solenoid. Consider a sonondal ehencit 
consisting of an anchor ring of radius r, over which a large number of turns of a 
metallic wire are wound. Let n be the number of turns per unit length and the point 
O be its centre [Fig. 1.13]. 

Suppose that the current I is passed through the solenoid. The magnetic field 
produced will be the same at all points on the circumference of the ring of the 
solenoid and at any point, the direction of the magnetic field is along tangent to the 
ring. 

According to Ampere’s circuital law, 


=e 
$B ie (1.35) 


The current threading the ring is notsimply equal to I. In fact, the current threads 
the ring as many times as there are turns in the solenoid wound on the ring of radius 
r. Since number of turns in the solenoid of radiusr is equal to 2 zrn, 

the total current threading the ring of radius r 

=I1Qarn) 


fl, x (the current threading the ring) 


eh asoG) 


— _ 
Further, B and dl are along same direction. 


a? 
B d= 4Bdl=Bfdl=BQnP) 
Using equations (1.36) and (1.37), equation (1.35) becomes 
BQ ar)=yp, x12 arn) 
or B=ypnl ...(1.38) 
It may be noted that magnetic field due to a toroidal solenoid depends upon 
its number of turns per unit length and the magnitude of the current passing 
through it. It does not depend upon the radius of the ring, over which the solenoid 


Seo __ SOLVED NUMERICALPROBLEMS 


aA 1232) 


Type A. On Magnetic field due to a straight conductor 

Problem 1.01. A horizontal overhead power line carries 
a current of 90 A in the east to west direction. What is the 
magnitude and direction of magnetic field due to the 


current at a point 1-5 m below the line ? (Text Problem) 
Sol. Here, 1=90A; a=1-5m 
I He 
Now, Bae 2t 1077 2X 12x 1057 
4m a 1 


Right hand thumb rule tells that for a current in east to 
west direction, the direction of magnetic field at a point below 
the line will be towards south. 

Problem 1.02. A straight wire carries a current of 3 A. 
Calculate the magnitude of the magnetic field at a point 
15 cm away from the wire. Draw a diagram to show the 
direction of the magnetic field. (C.B.S.E. 1996) 

Sol. Here, 1 =3 A;a=15cm=0-15m 
21 ae 2K3 


0-15 


B= Ho " 
4m a 


Now, =4x10°T 


The direction of magnetic field will be perpendiculai 
the plane of paper and in inward direction as shown in I 
1.14. 


15cm 


Fig. 1.14 
Problem 1.03. Fig. 1.15 shows a right angled isosce 
triangle POR having its base equal to a. A current ¢ 
ampere is passing downwards along a thin straight w 
cutting the plane of the paper normally as shown at 
Likewise a similar wire carries an equal current pass: 
normally upwards at R. Find the magnitude and direct 


(LC.S.E. 1997) 


Pp 
(x) (*) 
Q f R 
Fig. 1.15 


Ans. It follows that Z POR = Z PRQ = 45°. 


1 a 
Therefore, PO = PR = QR sin 45° = 4 xX —= = —~— 
Neg 2 
Magnetic induction at point P due to current through 
nductor at point Q, 


We lee aye L 


ie 4m PQ An a 
Also, magnetic induction at point P due to current 
‘ough conductor at point R, 5 
pie 2TO Fe 2NZz1 
ee eee ial Enea long P 
4n PR 4x. 4 ee 


The resultant magnetic induction at point P is given by 


B =,/B? + B3 + 2 B,By cos 7/2 = By + B3 
4 I 
ia (2/2)? + O27 0 fog mires opty T 
4m a 4 


a Sea 

The direction of the resultant magnetic induction will be 
ong bisector of 2 QPR and towards the line joining the 
ints QO and R. 

Problem 1.04. Calculate the magnetic field induction 
the centre of a coil bent in the form of a square of side 
'cm carrying current of 10 A. (P.S.S.C.E. 2001) 

Sol. Let B’ be the magnetic field induction at the centre 
of the square due to current passing through one side of 
e square. Since the magnetic field induction at point O due 
all the four sides is same and perpendicular to the plane 
the paper in outward direction, the total magnetic field 
duction due to the square, 

B=4B’ 


Now, pt cate of Aes +sin ?o), 
4m a 


(along PR) 


By = 


here a is the perpendicular distance of point O from any side 
the square [Fig. 1.16]. 


D 10cm Cc 


Here, 


B’=107 x og (sin 45° + sin 45°) = 2-83x 10° T 
Hence, magnetic field induction due to the whole square, 
B=4 x 2:83 x 10° =1-13 x 107 T 
(perpendicular to paper in outward direction) 
Type B. On Magnetic field due to a circular coil at its 
centre 
Problem. 1.05. The plane of a circular coil is horizontal. 
It has 10 turns, each of 8 cm radius. A current of 2 A flows 
through it, which appears clockwise from a point vertically 
above it. Find the magnitude and direction of the magnetic 
field at the centre of the coil due to the current. 
Sol. Here, n=10;a=8cm=0-(08m;J=2A 


We nave ro 10” Wb A” m™ 


Ww 
Now, magnetic field at the centre of the coil, 


pa Ho 2nnl_ 10-7 x20x10x2 
wan ~<a 0-08 
=1:57x10~* T 


Since the current is clockwise as seen from a point 
vertically above the coil, the direction of the field is vertically 
downwards. 

Problem 1.06. The radius of the first electron orbit of 
a hydrogen atom is 0-5 A. The electron moves in this orbit 
with a uniform speed of 2-2 x10-° m s~!. What is the 
magnetic field produced at the centre of the nucleus due 
to the motion of this electron ? Use Ho _49°7 NA“ and 
electronic charge = 1-6 x 10-9 C. 4% (LS.C.E. 1998) 

Sol. Here, uniform speed of electron, 


ee) eas 4 
Radius of the electron orbit in hydrogen atom, 
a=05A=0:5x 101m; 
and charge on electron, e = 1-6 x ie age 
Ho -107 NA® 
40 
Time taken by the electron to complete one revolution 
in the orbit of hydrogen atom, 
_ circumference of orbit 274 


and 


speed of electron v 
Therefore, at any point on the electron orbit, a charge 
equal to e (charge on the electron) crosses after every T 
seconds. Therefore, revolution of the electron in the orbit is 
equivalent to the current I, given by 


{ik acaba 
Le, PE 
alco mld a e2 x10" 
. 2mx0-5*x ire 
If B is the magnetic field produced at the centre of the 
nucleus due to the motion of the electron, then 


=n IDSC 1OGEA 


pe Ho 27! 10-7 x 22 x1-12x 10° 
4m a 0-5x 107° 
= 14.07T 


Problem 1.07. A straight wire carrying a current of 12 
A is bent into a semicircular arc of radius 2-0 cm as shown 
in Fig. 1.17. 


& 
field at the centre of the arc ? (P.S.S.C.E. 1991) 


MME SEP 


Oo 


Fig. 1.17 
(ii) Would your answer change, if the wire were bent 
into a semicircular arc of the same radius but in the opposite 
way as shown in Fig. 1.18 ? (Text Problem) 


i i eae 


O 
Fig. 1.18 

Sol. (i) For Fig. 1.17 : The magnetic field at the centre of 

a current carrying circular coil is given by 
"By 221 
4m a 

For magnetic field at the centre O of the semicircular 

conductor, the above equation will modify to 


poly Ho 271 _ My 21 
Dee A TC a 4% a 


Here, T=12A;a=20cm=20x10?m 
12 
B=107 x SA = 1-885 x 104 T 
2-0 107 


The direction of the field will be normal to plane of the 
paper and in inward direction. 

(ii) For Fig. 1.18 : The field will be of the same magnitude 
i.e. 1-885 x 10 ~4 T, but its direction will be normal to the plane 
of paper and in outward direction. 

Problem 1.08. The wire shown in the Fig. 1.19. carries 


Fig. 1.19 
a current of 10 A. Determine the magnitude of magnetic 
field induction at the centre O. Given that radius of the bent 


coil is 3 cm. (P.S.S:C.E. 2001) 
Sol. The magnetic field induction at the centre of a 
current carrying circular wire of radius a is given by 


Beil esas 
4n a 
A circular wire subtends an angle of 2 z radians at its 
centre. Suppose that the given circular part ABC of the wire 
subtends an angle @ at its centre. Then, magnetic field at point 
O due to circular part ABC is given by 
0 2x1 0 


B= iy» igs dd hl aPreend = 95 
202 4% a 


20 


or Bele. 6 
4n a 
Here, 1=10A;a=3cm=0-03 m 
and 6 = 360° - 90° = 270" = = rad 
=y, 
10x3 
Br OXS Re sor hat T 
0:03 x 2 


Note. The two end straight parts of the coil do n« 


produce any magnetic field at point ' Oo. Iti is because point 7 
lies on these straight parts. 


Problem 1.09. As shown in Fig. 1.20, a cellis connecte 
across points X and Y of a uniform circular conductor. Prov 
that the magnetic field at its centre will be zero. 
(PS.S.C:E. 1999: 


Fig. 1.20 

Sol. Let I, and I, be the currents flowing through tt 
parts XAY and XBY of the circular conductor. Suppose th: 
the parts XAY and XBY subtend angles @, and 6, at the cent: 
O. If ais radius of the circular conductor, then magnetic fiel 
due to part XAY at point O, 


eee | 
Bye See, 4 


(perpendicular to paper and in inward directio1 
Also, magnetic field due to part XBY at point O, 


I 
Bo te Ai 


(perpendicular to paper and in outward directio1 

Ifr is resistance per unit length of the circular conductc 

then resistances of the parts XAY and XBY are given by 
R,=@6,)r and R,=(@6,)r 

Since the two parts are connected between the same tw 

points, potential difference across their ends will be same i. 
IR, =LR or I1,@6,)r=I1,@@,)r 

or I, 0, =1, 4, 

From equations (i) and (ii), it follows that magnetic fielc 
B, and B, due to the two parts of the circular conductor a1 
equal and opposite. Hence, the magnetic field at the cent 
of the circular conductor is zero. 


Type C. On Magnetic field due to a circular coil at 
point on axis 
Problem 1.10. Calculate the magnetic field due to 
circular coil of 500 turns and of diameter 0-1 m, carrying 
current of 7 A (a) at a point on the axis of the coil distar 
0-12 m (b) at the centre of the coil. 
Sol. (a) Here n =500;1=7A 5.4 -— =0-05m; 


x=0-12m 
Now, magnetic field at a point on axis of the coil, 
_ My, 20nla? _ 10° x20 x 500x7 x (0-05) 


An 4x PP (0-05)? +(0-12)2)” : 


_ 2ax500x7x 25 107* x 10> 


(0-0169)3/2 
= 2-5 x 10° tesla 
(b) Now, magnetic field at the centre of the coil, 


pao 2enl 10°’ x2mx500x7 
ig Aa Oy ern 0-05 
=4-4x107 tesla 


Problem 1.11. An electric current is flowing in a 
cular wire of radius a. At what distance from the centre 
the axis of the circular wire will the magnetic field be 


th of its value at the centre ? 


Sol. Let B be the magnetic field at the centre of the 
cular wire, when a current I passes through it. Then, 
My 2z1 
sg tw at ; 
dot ban aed) 
Let x be the distance on the axis of the circular wire from 


B 
centre, where the magnetic field is 8 . Then, 
Bom 2a1 ae 


8 4m (a24+x2)32 
From equations (i) and (ii), we have 


(11) 


ibys 21a’ ioe a ee 
5 = x : 
4n (g2+x2)?/2 8 40 4 
: a* 1 
oO Se ep Sp ee 
(a2 + x2)93/2 8a 
or (a2 + x2)3/2 = 849 or a2+x2=4 a2 
or x=vV3 a 


pe D. On Ampere’s Circuital law 

Problem 1.12. A long straight solid conductor of radius 
m carries a current of 2 A, which is uniformly distributed 
er its circular cross-section. Find the magnetic field 
duction at a distance of 3 cm from the axis of the 
nductor. 

Sol. To find the magnetic field at a point P at distance 
= 3 cm) due to current carrying conductor, imagine a 
cular path of radius r around the conductor, such that 
int P lies on it. If R is the radius of the solid conductor, 
2n current enclosed by the circular path, 
I 2 7? 

xt rh =—— 
mR? R? 

. Let B be magnetic field at point P due to the current carr- 
1g conductor. The magnetic field B acts tangential to the 
cular path and its magnitude is same at every point on it. 


1 = 


~. Problem 1.15. Two concentric circular coils X and Y of 
2 radii 16 cm and 10 cm respectively lie in the same 
rtical plane containing the north-south direction. Coil X 
s 20 turns and carries a current of 16 A; coil Y has 25 
rns and carries a current of 18 A. The sense of the 
rrent in X is anticlockwise and in Y clockwise for an 
server looking at the coils facing west. Give the 


Therefore, according to Ampere’s circuital law, 


a 
pB d= py) 1 

a oh Tr 

* pabidicig 03 

or petri Mp Hot abt 
2n R?2 42 R?2 


Here, 1=2A,r=3cm=0-03 mand R=5cm=0-05m 


1077 x 2x2x 0-03 
es es -=4:8x10°T 
(0-05) 


Note. As the point lies inside the conductor, the magnetic 
field produced will be p, times the value obtained above, 
where 1, is permeability of the material of the conductor. 
Type E. On Magnetic field due to a Solenoid 

Problem 1.13. A 0-5 m long solenoid has 500 turns and 
has a flux density of 2-52x 10-° T at its centre. Find the 
current in the solenoid. Given, 1, = 4 7 x 107 Hm! 

CS.CF.. 1995) 
202 alte T 7p, = 40 & 10-7 Hm! 
total number of turns in 


Ans. Here, B = 

Length of solenoid, / = 0-5 m; 
the solenoid, N = 500 

Therefore, number of turns per unit length of the 
solenoid, 


poe 600 m= 
LOE} 5 
If I is the current through the solenoid, then 
B=p nl 
Be) 252810 


=2-0A 


oe if Re: a a 
Hyon 42x10 x 1000 


Problem 1.14. A solenoid is 2-0 m long and 3-0 cmin 
diameter. It has 5 layers of winding of 1000 turns each and 
carries a current of 5- 0 A. What is the magnetic field at its 
centre ? Use the standard value of #,. — (P.S.S.C.E. 1997 S) 

Sol . Here, current in the solenoid, 1=5-0A ; 

length of the solenoid, / = 2.0m 
number of turns in each layer of winding = 1000 ; 
number of layers = 5 
Therefore, total number of turns in the solenoid, 
N = 1000 x 5 = 5000 
and the number of turns per unit sisi of the solenoid, 


DENY S000) Be is 
Tee ED 

Now, B=p nl 

Since Uy =4 2x 10-7 NA, we have 


B= 4x07 x 2500 % 5:0 = 1-57 x 10°27 T 


=| TECHIE :STUFF:= CONCEPTUAL NUMERICAL PROBLEMS 


For gmbitious, prilliant & curious Students 


magnitude and direction of the net magnetic field due to 
the coils at their centres. (Text Problem) 
Sol. For coil X: a=16cm=16 x 10%m;n=20;1=16A 
Magnetic field at the centre of the coil X, 
hg cc gfe ee -7 y 2m x 20x 16 
¥= = 10 yea 
2 47 a 16 x 10 
= 4 2x 10+ T (towards east) 


For coil Y:a=10 cm=10x 102m 


Magnetic field at the centre of the coil Y, Pi igh noni ( a *) (3 1) 
_ My 24 n1 _ 49-7 24x 25x18 yy ee emer a re er 
eee ee 10x 10 
=9 2x 10% T (towards west) 2 42 
wre Ho 1 a” +b at+b 
Therefore, net magnetic field at the centre of the two = 
coils, 4m az +b ab ab 
B=B,—B, = 92x 104-42 x104 =5 xx 104T 
(towards west) ft p=. | laz +b2 tard] 
ny Problem 1.16. Two infinitely long straight current 4n ab 
carrying conductors are held at right angles to each Problem 1.17. An infinitely long conductor is bent ir 
other so that their common end lies at the origin [Fig. 1.21]. the shape as shown in Fig. 1.22. The part semicircu 


If both the conductors carry the same currentI asshownin jn shape lies in YZ-plane, while of the two straight pat 
the figure, find the value of magnetic field at the point one is along X-axis and the other parallel to Y-axis a 
P (a, b). distance r from it. If the conductor carries a current I 
shown in the figure, find the magnetic field at the cen! 
C of the semi-circular loop. 


Fig. 1.21 
Sol. The magnetic field due to a straight conductor is 
given by ‘ Fig. 1.22 
_ Ho . : y > » > 
B= 1S ag (sin d, + sin $)) ms Ol Sol. Let B,,B> and B; be respectively the magne 
Let B, and B, be the magnetic fields at point P due to the fields at point C due to straight pare lying along X-axis, oer 
conductors lying along X-axis and Y-axis respectively. circular part and straight part lying parallel to Y-axis. 
For the conductor lying along X-axis, Due to a current carrying straight conductor, 
$1 = 91 3¢)=2/2anda=b t Freleth sae tee eaede) 
Lo Th iy ; 4m a 
By = igen f (sin 6; +sin x /2) For straight part lying along X-axis 
$,=%/2, $,=Oand a=r/2 
\ 
fs B, cee te eee ’ By = ft. (sinw /2+sin0) 
4x b| [24 42 
For the conductor lying along Y-axis, = HEU e fade (along negative Y-axis) 
$1 =9);¢)=m/2anda=a Wag 
ao A 
( __ Mo 21 
By = #2.“ (sin 6, +sin x/2) 2 PL eolis belait- 
me A The semicircular part subtends angle z at its centre. Al 
radius of semi-circular part isr/2. Therefore, for semi-circu 
or Bp= ub obstraae) Baar +1 part lying in YZ-plane. 
4n a a- + b I 
V ee py 0 ead erst 
According to the right hand thumb rule, both B, and B, 4a (r/2) 
act perpendicular to the plane of paper and in inward _ Hy 21 (al itive X-axds) 
direction. Therefore, resultant magnetic field at point P, Te ODER RE RINE ES 
ey or By = Hore fi) i 
I gf 7b Ree 
NIN id fe Hy) > | For straight part lying parallel to Y-axis, 


4m) P| a? +b? AG 54 a7 b? $= 2/2, 2=O0and a=r/2 


B = (sin /2+-sin 0) 
wits St (along positive X-axis) 
4n fr 
fx A 
or B - be =i 
4X 
Therefore, total agmett field at point C, 
B=B, +By+By 
LiMo 21%, My 2mL ay My 21 
4m fr 4n ‘Tr 4n fr 
H, 21 pias 
She (ne I 
40 at nt i 


= Problem 1.18. A toroid has a core (non-ferromagnetic) 

of inner radius 25 cm and outer radius 26 cm around 
which 3500 turns of a wire are wound. If the current in the 
vire is 11 A, what is the magnetic field (a) outside the toroid 
b) inside the core of the toroid (c) in the empty space 
urrounded by the toroid ? (Text Problem) 


Q. 1.01. Is the source of magnetic field analogue to the 
ource of electric field ? (H.Si8.G.E..1992) 

Ans. No. It is because, the source of magnetic field is not 
/magnetic charge. In case of electric field, the source of 
lectric field is electric charge. 

Q. 1.02. State Biot Savart’s law. (L.S.C.E. 1994) 

Ans. It states that magnetic field due to small conductor 
f length dl, carrying a current | ata point at distance, is given 
7 

apa tte. Duisin(®, 
vhere @ is the angle between the direction of flow of 
urrent and the line joining the small conductor to the 
bservation point. 

Q. 1.03. A conductor carrying current is placed some- 
vhere. What is the magnitude and direction of the force due 
0 a small part of the conductor at a point near it ? 

(P.S.S:G.E. 1996) 
Or 

Write Biot Savart expression forthe magnetic field due 

> a current element in vector form. (C.B.S.E. 1991 S, 1991) 


> > 
_ 
Ans. (een ea 3 4 
4X r? 


rhere the letters have their usual meanings. 
Q. 1.04. What is the SI unit of permeability ? 
(I.S.C.E. 1996) 
Ans. The SI unit of permeability is weber ampere! 
1etre “1( Wb A-!m~!) or tesla ampere! metre (T A! m). 


Q. 1.05. What is the value of constant res ? 


Sok! 107 1T Acean 
4n 


Q. 1.06. Write the dimensional formula of 1). 
Sol. The dimensional formula of y/, is [ML T? A~]. 


Sol. Here, I = 11 A ; total number of turns = 3500 
Mean radius of toroid, 
25426 


= 25-5cem=25-5x102m 


Total length (circumference) of the toroid 
=2 mr=2nx 25-5 x 10 =51-0 x 10% 2m 
Therefore, number of turns per unit length, 
_ 3500 
510x107 x 
(a) The field is non-zero only inside the core surrounded 
by the windings of the toroid. Therefore, the field outside the 
toroid is zero. 
(b) The field inside the core of the toroid, 


Bole te eer 


51-0x107 x 


= 3-02 x 107 T 
(c) For the reason given in (a), the field in the empty space 
surrounded by the toroid is also zero. 


_ FREQUENTLY ASKED VERY SHORT ANSWER QUESTIONS 


With Answers/Hints 


Q. 1.07. Write an expression for the magnetic field 
produced by an infinitely long straight wire carrying a 
current I, at a short perpendicular distance a from itself. 

(LS.C.E. 1998) 

Ans. It is given by 


palo 2! 


4n a 

Q. 1.08. What kind of magnetic field is produced due 
to a current carrying straight conductor ? 

Sol. Magnetic field lines are concentric circles lying in 
a plane perpendicular to the straight conductor. The centres 
of the circular magnetic lines of force lie on the conductor. 

Q. 1.09. Show the magnetic lines of force around a 
straight conductor carrying current. (P5.3.C.E.-1997 S) 

Ans. Refer to Fig. 1.04. 

Q. 1.10. State the rule that is used to find the direction 
of field acting at a point near a current carrying straight 
conductor. (PS1S:CE.1998) 

Ans. Right hand thumb rule can be used to find the 
direction of magnetic field at a point near a current carrying 
conductor. 

For statement, refer to section 1.04. 

Q. 1.11. Does a current carrying circular coil produce 
uniform magnetic field ? 

Sol. No, magnetic field produced due to a current 
carrying circular coil is not uniform. However, it may be 
considered as uniform at the centre of the circular coil. 

Q. 1.12. What is the effect of increasing the number of 
turns on magnetic field produced due to a circular coil ? 

Ans. The magnetic field produced by a coil of n turns is 
n times the magnetic field produced by a coil of single turn. 

Q. 1.13. How will the magnetic field intensity at the 
centre of a circular coil carrying current change, if the 
current through the coil is doubled and the radius of the 
coil is halved ? (C.B.S.E. 2001) 


given by 
pe tone tel 
47 a 
lag Shiny 
= tS (number of turns unchanged) 
If P= 27" “and’a* =a/2; then 
Bowel wa a or B’=46 
By a 2k 


Q. 1.14. Looking at a circular coil, the current is found 
to be flowing in anticlockwise direction. Predict the 
direction of magnetic field produced at a point on the axis 
of the coil on the same side as the observer. 

Ans. The direction of magnetic field is perpendicular to 
the plane of the coil and directed towards the observer. 

Q. 1.15. Write down an expression for the fl~ doncity 


Q. 1.01. What is the basic difference between magnetic 

and electric field ? (P.S.S.C.E. 2002) 
Or 

In what way is an electric field different from a 
magnetic field ? 

Ans. A charged particle always experiences force due to 
an electric field. It does not matter ; whether the charged 
particle is at rest or is in motion. However, due to magnetic 
field, force on a charged particle acts only, when it moves 
inside the magnetic field and its motion is not along the 
direction of the magnetic field. Further, when electric field 
acts, the kinetic energy of the charged particle is affected. 
However, there is no effect on the kinetic energy of a charged 
particle due to its motion inside the magnetic field. 

Q.1.02. In what respect does a wire carrying acurrent 
differ froma wire, which carries no current? 

(P.S.S.C.E.1996) 

Ans. A current carrying wire produces magnetic field. 
It is because, when current flows through a wire, electrons 
move inside it along a definite direction. On the other hand, 
in a wire which carries no current, electrons are in motion in 
random direction. Such a wire does not produce any magnetic 
field. 

Q. 1.03. Explain the rule, with illustration, related to 
the direction of current through a conductor and magnetic 
field. (BS1S.C.E) 1997) 

Sol. When current passes through a straight conductor, 
magnetic field is in the form of concentric circles, whose 
centres lie on the conductor. The sense of the circular field 
lines can be known by using right hand thumb rule. 

For statement of right hand thumb rule, refer to section 
1.04. 

Q. 1.04. A metallic wire is bent into a square of each 
side a. If a current I is passed through the wire, what is the 
magnetic field at the centre of the square ? 

Sol. Refer to Fig. 1.17. Then, magnetic field at the centre 
of the square is given by 


FREQUENTLY ASKED SHORT ANSWER » QUE ; 


symb 
4.5. Ci 1995" 


Or 

How much is the flux density B at the centre of a longs 
solenoid ? (LS.0,E,, 1997. 

Ans. Magnetic field due to a long straight solenoid at 
point well inside is given by 

B=p nl 

Here, py) is the permeability of free space, n is the 
number of turns per unit length and I is the current flowins 
through it. 

Q. 1.16. What kind of magnetic field is produced dus 
to straight solenoid ? 

Ans. The magnetic field produced by a straight solenoic 
is similar to that produced by a bar magnet. 

Q. 1.17. What is a toroid ? 

Ans. An anchor ring, around which a large number o 
turns of a metallic wire are wound, is called a toroid. 


ith ‘Answers/tints 


Bis 4.x Hod ay cprgeeaie aan) 
4n 2. 


eT abet oe ee 
Shae aloe /2 a 


Q. 1.05. A long wire is nite bent into a nies coil 0: 
one turn and then into a circular coil of smaller radiu: 
having» turns. If the same current passes in both the cases 
find the ratio of the magnetic fields produced at the centre: 
in the two cases. 

Sol. Letr be the radius of the coil formed, when the giver 
wire is bent into a smaller circular coil of one turn. Then 
magnetic field produced at the centre of the coil, 


2 feral 


AIT 
Let r’ be the radius of the coil formed, when the giver 
wire is bent into a smaller circular coil of m turns. Then 
magnetic field produced at the centre of the coil, 


pnts 2eHl 
4X is 
Now, 1 (2 ar')=2 ar or ft =ffn 
pa to y2enl_ My 2en'l_ op 
An r/n 4a r 


Q. 1.06. An electron revolves in a circular orbit o: 
radius r with uniform angular speed @. From the expre 
ssion for magnetic field due to a current carrying circula: 
conductor, deduce the expression for magnetic field at the 
centre of the electron orbit. 

Sol. Magnetic field due to current carrying circulai 
conductor of radius r is given by 


fw Movil x 
4riovur In 
The period of revolution of the electron, T = —— 


@ 
The motion of electron in circular orbit is equivalent tc 
current given by 
i a i en ae Oe 


ni, 2n/o Qn 


Q. 1.07. Consider the circuit as shown in Fig. 1.23, 
where APB and AQB are semi-circles. What will be the 
magnetic field at the centre C of the circular loop ? 

P (CBS. E51995 ) 


Q 
Fig. 1.23 

Sol. The magnitude of magnetic field due to current 

flowing through semi-circular part APB or AQB is given by 
pata! 
4m a 

The direction of magnetic field due to the part APB is 
perpendicular to the paper in inward direction, while that due 
to part AQB is in outward direction. 

Further, the parts APB and AQB produce equal and 
\pposite magnetic fields at the centre C. Hence, the magnetic 
‘eld at the centre C is zero. 

Q. 1.08. A wire loop is formed by joining two semi- 
sircular wires of radii 7, and 7, as shown in Fig. 1.24. If the 
oop carries a current I, find the magnetic field at the 
entre O. 


Fig. 1.24 
Sol. Magnetic field at O due to semicircular part ABC, 


B, = Ba ge (inwards) 
4n Y 


Magnetic field at O due to semicircular part DEF, 
I 
B> spree (outwards) 
4n if) 
The point O lies on the straight parts AF and CD of the 


vire. Hence, magnetic field due to these straight parts at point 
) is zero. 


Therefore, net magnetic field at point O due to wire loop, 


I 
B=B,—-B,=_2 AT by FI 


4m t% 42 
Hy Po pnts eSitHS 
or B “aI _ (in outward direction) 
40 rm 


Q. 1.09. A wire loop is formed by joining two semi- 
ircular wires of radii 7, and 7, as shown in Fig. 1.25. If the 
yop carries a current I, find the magnetic field at the 
entre O. 


A C 
I 
B 
Fig. 1.25 
Sol. Magnetic field at O due to semicircular part ABC, 
B, = of} (outwards) 
4n Y 
Magnetic field at O due to semicircular part DEF, 
I 
Bo = ts Mp (outwards) 
4n 19 


Since point O lies on the straight parts AF and CD of the 
loop, the magnetic field due to these parts at point O is zero. 
Therefore, net magnetic field at point O due to wire loop, 


I I 
B=B, +B, = Po Hal Las 
4n al An i) 
Bs fated a Ba eee 
or in -a1 + (in outward direction) 
1 mt 


Q. 1.10. Two circular segments of a metallic wire 
having radii 7, and 7, are joined to form a wire loop [Fig. 
1.26]. The two segments subtend an angle @ at the centre O. 
If a current I passes through the wire loop in the direction 
as shown in figure, find the magnetic field at the centre O. 


D C_ 
a~ 
/ 
I / 
aah " o ai, 
X 
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\ \ / . 
\ \ 1 1p 
\ \ 7 dana 
r, \ i AEk 
Ny) TX rapt 
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v oe 
Fig. 1.26 


Sol. For a current carrying circular segment of radius 2 
subtending an angle @ at its centre, magnetic field* at the 
centre is given by 


puto 1, 


Therefore, magnetic field at O due to circular segment 
AB, 


I 
By = fo. 9 (inwards) 
An " 
and magnetic field at O due to circular segment CD, 
Bo = Bavod 0 (outwards) 
4n 1) 


Since point O lies on the straight parts AD and BC of the 
loop, the magnetic field due to these parts at point O is zero. 
Therefore, net magnetic field at point O due to wire loop, 


*For details, refer to solved numerical problem no. 1.08. 


p,- Ho. 15 Mo 1, 


B=B 
rel 4m 4% 1% 


4n 
Q. 1.11. Give expressions for magnetic field due to 
circular coil (at its centre) and due to long straight wire, 
when these are carrying currents. 
Ans. Magnetic field due to a circular coil at its centre, 


or p-fe-19[2-2) (in inward direction) 
Le 


1p) 


pa to. 2mnla* 
An (a2 +x2)9/2 
and magnetic field due to a long straight wire, 
_ Hy 21 
roby 
Here, the letters have their usual meanings. 
Q. 1.12. What is a solenoid ? Give the magnitude of 
magnetic field deveioped at a point well inside a solenoid 
carrying current. (H.S.S.C.E. 1998) 


Q. 1.01. preree that the earth’s magnetic field is 

due to a large circular loop of current in the interior 
of the earth, what is the plane of the loop and what is the 
direction of the current around it ? 

Ans. The direction of magnetic field at the centre of the 
earth is from north to south (It is on the surface of the earth 
that the magnetic field is from south to north). The magnetic 
field will be produced along the NS direction [Fig. 1.27], if the 
circular N 
: 111 GEOGRAPHICAL 

N.S-LINE 


EARTH 
1 tel 
vy 
Fig. 1.27 
loop is held in equitorial plane and the current flows in 
clockwise direction, when seen from north of the earth. 
Q. 1.02. Obtain the dimensional formula of (4) €5 
(permittivity of the vacuum) and (4) x, (permeability 
of the vacuum) in terms of M (mass), L (length), T (time) and 
I (electric current). (LLT. 1998) 
Ans. (a) From Coulomb’s law in electrostatics, we have 
Riche ba IW 
Ane, 1? 
[91] [qo] _ (I T] {I T] 
[é)1= 2 Sore 
Flr“) -.1M.L.T AL) 
re [M7 L? 1? 17] 
(4) Force per unit length between two infinitely long 
current carrying conductors, Hl 
_ Ho 2h tp 
4n r 


Ans. A solenoid is a circular coil of a large number « 
turns, such that the turns of the solenoid run parallel to il 
length. 

Magnetic field at a point well inside the solenoid, 

B=y, 71 

Here, is number of turns per unit length of the solenoic 

Q. 1.13. An air-core solenoid having N turns of lengt 
/is carrying a current I ampere. 

(4) Sketch the pattern of magnetic lines of force in th 
solenoid. 

(4) If an iron core is inserted in it, how is its fiel 
modified ? 

(#72) Write down the expression for the magnetic fiel 
at the centre of the solenoid along its axis.(C.B.S.E. 19938 § 

Ans. (4) For the pattern of magnetic field, refer to Fij 
E12. 

(#) The magnetic field lines come closer to each other 

(#42) The magnetic field at the centre of the solenoid, 


N 
B=, 7 


TECHIE STUFF - CONCEPTUAL SHORT ANSWER QUESTIONS 


For “mbitious, “rilliant & Curious Students 


Since F stands for force per unit length, its dimension. 
formula is [M L° T-] 


[Fl(r] (ML? T7){L] 
(isl Cape enna eta alee 


[1]f2) (1) 
Q. 1.03. A circular branching made from a unifort 
conductor is connected to a battery as shown i 
Fig. 1.28. What force will the magnetic field of the current 
in the branching exert on the magnetic pole placed at it 
centre O ? Deduce the result qualitatively. 


I I 
D 
Cc 
A 
B 
I I 


Fig. 1.28 Fig. 1.29 

Ans. Suppose that the circular branching is divided int 
a large number of elementary portions. Consider tw 
elementary portions AB and CD of equal lengths situate 
diametrically opposite to each other [Fig. 1.29]. The intensitic 
of magnetic field produced by the portions AB and CD ¢ 
point O will be equal in magnitude but opposite in directio1 
The net magnetic field due to the portions AB and CD at poi 
O will be zero. Similarly, the magnetic fields due to the othe 
elementary portions will cancel out at point O in pairs. Thu: 
magnetic field due to the complete circular branching at poit 
O will be zero. Hence, the force on magnetic pole placed « 
point O will be zero. 

Q. 1.04. A circular loop of radius R carrying current 
lies in XY-plane with its centre at origin. What is th 
magnetic flux through the XY-plane ? (LET. F99S 


=[MLT-T?] 


Fig. 1.30 
Ans. The magnetic flux in the region of XY-plane lying 
inside the circular loop will be directed along negative Z-axis, 
while in the region outside the circular loop, equal magnetic 
flux will be directed along positive Z-axis as shown in Fig. 
1.30. Hence, due to the circular loop, the magnetic flux 
through the XY-plane will be zero. 
Q. 1.05. A current I flows along an infinite straight 
thin-walled pipe [Fig. 1.31]. What is the intensity of 
the magnetic field inside the pipe ? Assume that current is 
distributed uniformly along the entire section of the pipe. 
Ans. The current flowing along the pipe may be 
regarded as the sum of many identical currents unifgrmly 
distributed over the surface of the pipe. The intensity of 
magnetic field at any point in the space inside the pipe may 
be considered as the sum of the intensities of the magnetic 
fields produced by such linear currents. 


Fig. 1.31 

Fig. 1.32 shows the flow of current through the cross- 
section of the pipe. To find intensity of magnetic field at point 
P inside the pipe, let us first find the intensities of the magnetic 
field produced at this point by the linear currents passing 
through the elementary portions AB and CD. 


Fig. 1.32 
Let I, and I, be the currents flowing through the portions 
AB and CD respectively. Obviously, 


1, AB 


Leta, and a, be the distances of the portions AB and CD 
from the point P. If dB, and dB, are the intensities of the 
magnetic fields produced by currents I, and I, flowing 
through the elementary portions AB and CD, then 


dB, Ho 2h ond plat cles 
4n ay 4m ay 
From the right hand thumb rule, it follows that if dB, is 
towards right, then dB, will be towards left. Thus, the 
resultant intensity of the magnetic field due to portions AB 
and CD is given by 


HB 2aBy dpe Ween Se? 
4 


grtHos| dtses 2. 
20 ay ay 


Since triangles PAB and PCD are similar, 


...(ii) 


AB ey ay Bs 
CD 7 ies ..-(1i1) 
From equations (i) and (iii), we have 
I 
LS dabiines crt aheb 
| AACE a a 
: Te Ton: : : 
Setting —-=— in equation (ii), we have 
A Mia 3 
dB=0 — 


Similarly, the contribution to the intensity of the 
magnetic field at point P by other such pairs of elementary 
portions of the cross-section of the pipe will be zero. Hence, 
the intensity of the magnetic field inside an infinite straight 
pipe carrying current is zero. 

Q. 1.06. A current I flows upwards along the inner 
a conductor of a co-axial cable [Fig. 1.33] and returns 


Fig. 1.33 
down along the external shell of the cable. What is the 
intensity of the magnitude field at points inside the cable? 

Ans. At a point inside the cable, the magnetic field will 
be produced only due to the inner conductor. The magnetic 
field produced due to the external shell of the cable will be 
zero as proved in conceptual SAQ 1.06. 

Ata point at distance a from the inner conductor, the 
magnetic field due to the infinitely long inner conductor will 
be 

peo 21 


An 


. 1.07. The magnetic field at a po 
but outside a current carrying solenoid is zero. 
Explain, why. 
Ans. Consider a vertical plane through the centre of the 
solenoid and Pree ah iy to its length. The plane divides 


solenoid on this plane, corresponding turns of the two halve 
of the solenoid produce equal and opposite magnetic field: 
Hence, magnetic field at such a point is zero. 


State and explain Biot-Savart’s theorem for a current 
carrying finite conductor. (P.S.S.C.E., 2002, 2000) 
State Biot-Savart law for magnetic field produced at a point 


R-QUESTIONS. 
Carrying 3 Marks 


carrying circular ss ata ek on its axis. 


H.PS.S.C.E. 1997 


due a small current element. How will you find the 9. Derivean expression for the magnetic field at the centr 
direction of magnetic field ? of a circular coil of n turns. (L5:G Es 199¢ 
(PS.S.C.E. 1996 ; H.S.S.C.E. 1992 ; C.B.S.E. 1991) 10. State Biot-Savart’s law. Use this law to find the magneti 
State Biot Savart law for the magnetic field produced at a field at point on the axis of a circular coil carrying curren 
point due to a current element. How will you find the ’ : ; / (H.PS.S.C.E. 2001 
direction of magnetic field ? Define SI unit of magnetic field 11. Write the expression for Biot-Savart’s law for the magneti 
and give its dimensional formula. (PS.S.C.E. 1995) field due to a small current element. Using this expressior 
State Biot Savart law. Use it to obtain an expression for calculate the magnetiv field intensity ata point on'the axi 
mapiietio field abihe contre of 9 eherchtenetyine circular . of a circular current carrying conductor.(C.B.S.E. 2001 $ 
g e ying ‘ ; ; 
loop. (H.S.5.C.E. 2002 ; C.B.S.E. 1999, 1995) 12: State Biot Savart law. Obtain an expression for the magneti 
State Biot-Savart law. Using Biot-Savart law, derive an field at a point situated at a distance of x metre from th 
eee eet centre of a circular coil of n turns and of r metre radiu 
expression for the magnetic field at the centre of a circular carrying a'curtent of I A. (H.S.S.C.E. 1992 
coil of number of turns n, radius r carrying a current I. 13. State Ampere’s circuital law and prove the Ampere’ 
; : Cree ot circuital law for a circular path around a long currer 
Write the expression for Biot-Savart law for the magnetic carrying conductor. (H.PS.S.C_E. 1998 
field due to a small current carrying element. Using the 14. State and prove Ampere’s circuital law. 
expression, calculate the magnetic field at the centre of (H.S.S.C.E. 2001, 1998 S ; PS.S.C.E. 1995 § 
current carrying circular coil of radius r having n number 15. Calculate, using Ampere circuital law, the magnetic fiel 
of turns. (C.B.S.E. 2001 S) at a point well inside a straight solenoid carrying curren 
Using Biot Savart law, calculate the magnetic field at the 16.- Calculate using Ampere’s circuital theorem, the magneti 
centre of a circular coil. field due to an infinitely long wire carrying current I.” 
(€.B.S.E. 2000 ; P.S.S.C.E. 2000, 1999, 1991) (C.B.S.E. 199C 
Derive-a relation for the magnetic field due to a current 17. Find the magnetic field intensity for a toroidal solenoid 
(H.S.S.C.F. 2000 


FREQUENTLY ASKED LONG. ANSWER QUESTIONS — 


Carrying 5 Marks 


State the Biot-Savart law. Derive an expression for the 4. State Biot Savart's law. Using this law, obtain an expressio 
magnetic field at a point near a long straight wire fonying for the magnetic field induction at a point situated on th 
a current. axis of a current carrying cireular coil. (P-S.S.C.E. 2001 
(H.S.S.C.E. 1997 ; Pre degree, Kerala 1994 ; 1.S.C.E. 1993) 5. State and explain Ampere’s circuital law. Derive a 
Using Biot-Savart law, derive an expression for magnetic expression for magnetic field due to current in a toroid. 

- field intensity produced at a point due to the current (P.S.S.C.E.; 2001; FP S'S.C_Es 1998 
flowing through an infinite long straight conductor. 6. State and explain Ampere’ s circuital law. By applying thi 


(P.S.S.C.E. 2002, 2000, 1999, 1998 S) 

Find the magnetic field intensity at a distance a from a 

current carrying infinitely long, straight, thin metallic 
conductor. Also draw the sketch of magnetic field. 

(PS.S.C FE. 2000;:1999 5 ; H-PS.S,CEP1995) 


law, obtain an expression for the magnetic field at a poin 
well inside the solenoid carrying current. 
(P.S.S.C.E. 2000, 1999 S, 1999, 1995 


For Practice ~ 


Type A. On Magnetic field due toa straight conductor 3. Acurrent of 10 A is flowing east to west in an infinitel 
A current of 5 A is flowing south to north in a wire kept long wire kept along east-west direction. Find magneti 
along north-south direction. Find the magnetic field due field in a horizontal plane ata distance (a) 20cm north wee 
to a 1 cm piece of the wire at a point 2 m north-east from (b) 10 cm south from the wire. 
the piece of wire. {Ans. (a) 10 T (vertically downwards 

[Ans. 8:34 x 10-19 T (vertically downwards)] (b) 2 x 10° T (vertically upwards) 
Calculate the magnetic field at a distance of 5 m from an 4. Acurrent of 5 A is flowing east to west in an infinitel 


infinite straight conductor carrying a current of 100 A. 
[Ans. 4 x 10° T] 


long wire kept along east-west direction. Find magneti 
field in a vertical plane at a distance (i) 50 cm below th 


[Ans. (i) (ho izontally southwards) 
(ii) 2-5 x 10 T (horizontally northwards )] 
Earth’s magnetic field is 5 x 10-> T. A cable is 10 m above 
the ground. Calculate the current in the cable, so that it may 
produce a neutral point with earth’s magnetic field on the 
surface of the earth just below it. [Ans. 2500 A] 
Two straight long conductors AOB and COD are 
perpendicular to each other and carry currents I, and I, 
respectively. Find the magnitude of magnetic field at a 
point P at a distance a from the point O in a direction 
perpendicular to the plane ABCD. 


2 2y1/2 
Ans. 200th) +p ye | 
4n a 


Calculate the magnetic field induction at the centre of a coil 
bent in the form of a square of perimeter 40 cm carrying a 
current of 8 A. (P.S.S.C.E. 2001) 

[Ans. 9-04 x 10-5 in outward direction] 
A rectangular loop of metallic wire is of length a and 
breadth b and carries a current I. Find the magnitude of 
magnetic field at the centre O of the loop. 


8 ya? +b I 
eta cl co teed 


4n ab 


A hexagonal loop of a metallic wire is of each side a and 
carries a current I. Find the magnitude of magnetic field 


at the centre of the loop. 
| Ang He. 4481) 
4n a 


Type B. On Magnetic field due to a circular coll at lis 


10. 


ii: 


A2s 


13; 


14, 


15. 


Calculate the current in a circular coil of radius 5 cm and 
100 turns to produce a field of 2 x 10~° T at its centre. 
[Ans. 1-59 x 10-2 A] 
The electron ina hydrogen atom circles around the 
proton with a speed of 2-18 x 10® m s7! in an orbit of 
radius 5-3 x 107! m. Calculate (i) the equivalent current, 
(11) magnetic field produced at the proton. Given that 
e=1-6 x 10°! Cand p, = 42 x 10-7 SI units. 
[Ans. (i)1-047 x 10-3 A ; (ii) 12-41 T] 
Calculate the strength of magnetic field due to an electron 


revolving in a circle of radius 2 x 10-19 m with a speed of’ 


5 x 10° ms-! at its centre. [Ans. 2 T] 
In Bohr model of hydrogen atom, the electron circulates 
around the nucleus in a path of radius 5-1 x 107m at a 
frequency of 68 x 10! Hz. What is the value of magnetic 
field set up at the centre of the orbit ? 

(H.S.S.C.E. 1997 S) [Ans. 13-4 T] 
In an atom, the radius of the electron orbit is 4 x 107! m 
The electron revolves with frequency of 10!5 revolutions 
per second. Charge on the electron is 1-6 x 1079 C. 
Calculate the magnetic field at the centre of the orbit. 

[Ans. 2-513 T] 

Two identical coils each of radius r and having number of 
turns n are lying in perpendicular planes, such that they 
have common centre. Find the magnetic field at the centre 
of the coils, if they carry currents equal to I and 31 


respectively. 
[An Ane: fal Wake aad 
r 


1p 


18. 


19. 


20. 


alculate the magnitude of magnetic field at the 
centre of the arc. (C.B.S.E. 2002) [Ans. 1-57 x 10> T] 
An electric current I is flowing through an infinitely long 
conductor bent into a loop of the shape as shown in Fig. 
1.34. Find the magnitude and direction of magnetic field 
at the centre O of the circular part of the loop. 


Ans. vs . ta (a +1) in outward cretion 
Tar 


oo= —---0 
A. I B 
Fig. 1.34 
An electric current I is flowing through an infinitely long 
conductor bent into a loop of the shape as shown in Fig. 
1.35. Find the magnitude and direction of magnetic field 
at the centre O of the circular part of the loop. 


Ans. Ho z 
4n 


a (a - 1) in inward cretion 
, 


BD E 


Fig. 1.35 
An electric current I is flowing through an infinitely long 
conductor bent into the form as shown in Fig. 1.36. Find 
the magnitude and direction of magnetic field at the centre 
of the semi-circular part of the conductor. 


jane Ho. <(n + 2) in outward cretion 
4n 


B I A 


Fig. 1.36 
A circular segment of radius 0-1 m subtends an angle of 
60° at its centre as shown in Fig. 1.37. A current of 6 A is 
flowing through it. Find the magnitude and direction of 
the magnetic field produced at the centre O. 
[Ans. 6:28 x 10 T] 


21. 


A metallic wire is bent i 
and carries a current I. If point O is the common centre of 
all the three circular segments of the wires of radiir, 2r and 
3 r, find the magnetic field at point O. 


Ans. en Lt 0 in inward direction 
4n 6r 


I 


Fig. 1.38 


Type C. On Magnetic fleld due to a circular coil ata 


22. 


23. 


nt on axis 


A current of 10 A flows through a circular coil of 50 turns. 
Calculate the magnetic field at a point situated at a distance 
of 3 mon the axis from the centre of the coil. The radius 
of the coil is 10 cm. [Ans. 1-162 x 10-7 T] 
Show that the magnetic field along the axis of a current 
carrying circular coil of radiusa at a distance x (x <<a) from 
the centre of the coil is smaller by a factor 1-5 x*/a? than 
the field at the centre of the coil. 


Type D. On Ampere’s circultal law 


24. 


LL 


26. 


27. 


A long straight metallic conductor of radius R carries a 


current I, which is uniformly distributed over its circular - 


cross-section. Find the magnetic field induction at a point 
at distance r from the axis of the wire, when the point lies 
(a) outside and (b) inside the conductor. \ 


21 


Ho 
Ans. : 
ns. (a) —> fv ri 


oe lr ght) 


pe E. On Magnetic fleld due to a solenoid 


Length of a solenoid is 0-2 m and it has 120 turns. Find 
the magnetic field in its interior, if a current of 2:5 A is 
flowing through it. Given, 1, = 4 2 x 107 SI units. 
[Ans. 1-885 x 10-3 T] 

A solenoid 50 cm long has 4 layers of windings of 350 turns 
each. If the current carried is 6-0A, estimate the magnitude 
of magnetic field (a) near the centre of the solenoid on its 
axis (b) near its ends on its axis. (c) outside the solenoid 
near its centre. 

[Ans. (a) 2:1 x 10-2 T ; (b) 1:05 x 10-2 T ; (c) zero] 
A solenoid of length 1 m and 3 cm in diameter has five 
layers of windings of 850 turns each and carries a current 
of 5A. What is the magnetic field through a cross-sectional 
end of the solenoid ? Also calculate the magnetic flux 
through the cross-section of the solenoid at its centre. 


[Ans. 1-335 x 10-2 T, 9-44 x 10-© Wb] 


o the form as shown in ig. 1.38 


28. 


- 29. 


30. 


Two insulating infinitely long wires are lying mutually 
perpendicular to each other as shown in Fig. 1.39. If the 
two wires carry currents I, and I, as shown in the figure, 


nes the. magnetic field at point P (a, b). 


Ans. Ho (2 - 1) in inward direction 
a 


Fig. 1.39 
Two insulating infinitely long wires are lying mutually 
perpendicular to each other as shown in Fig. 1.40. If the 
two wires carry currents I, and I, as shown in figure, find 
the locus of the point, where the magnetic field duet to twa 
wires is zero. 


pate 


Fig. 1.40 
A metallic wire carrying a current I is bent into the form 
as shown in Fig. 1.41. The circular portion ABC of the 
wire is of radius r and the straight portion AC subtends 
an angle 2 @ at the centre O. Find the magnetic field due 
to the conductor at point O. | 


= (a — 0 + tan 8) in inward direction 
r 


B 


dis 


nt lis in meta 
conductor bent into the form as shown in Fig. 1.42. If the 
radius of the curved path is r, find the magnetic field at the 
centre O. 


Ans. Ho, L e + i in outward aivetion 


o _1dlsin@ 


bu 
dB= > 


4n r 
Since the wire is kept along north-south direction and 
observation point is north-east from the piece of wire, 
0 = 45°. 

107? x 5x 107” sin 45° 
(2)? 
= 8-34 x 107° T (Vertically downwards) 


dB= 


rox2% 
gg Mo) ALi ADT 2100.» sy by 
4n a 5 
21. 10°-7x2x10 
(a) B=50.. = = —_"“" _ 10-5 T (downwards) 
4m a 20 x 10 
ih 
x 
(b) B= 0 ned ael0 210 = 2 x 105 T (upwards) 
4m a 10 x 10 


Proceed as in problem no. 3. 

So as to produce neutral point, magnetic field due to the 
current carrying cable at that point should be equal and 
opposite to the earth’s magnetic field at that point. Thus, 


Ho 21 _ 195 10°? x 2xI 
——:—=5%x10 L -5 
Gira or 10 =5x 10 

or I= 2500 A 

Let B, and B, be magnetic fields produced at point O by 


conductors AOB and COD respectively. Then, 

21 
_ Fo : az if Bs = Hd Y Meee: 
An eR and 4n a 
Since the two conductors are perpendicular to each other, 
magnetic fields B, and B, will also be perpendicular to each 
other. The resultant magnetic field is given by 


2 27/2 
Mo 2h Ho 212 
_ fp2 Pr Vp Hoag | Wag yne 32 
Bey ert 82 (fs a ) ate a 


2 24 7,2yl/2 
ati re p= Home Speen 
4n a 


Proceed as in solved problem no. 1.04. 
Suppose that current flows through the rectangle loop 
ABCD as shown in Fig. 1.43. The magnetic fields produced 


o}------0 


Fig. 1.42 


) SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FOR PRACTICE 


due to all the four sides at the centre O will be 

perpendicular to the plane of the loop and in outward 

direction. 

Therefore, total magnetic field at point O, 
B=B,+B,+B,+ By, 

where B,, B,, B, and B, are magnetic fields produced due 

to sides AB, BC, CD and DA respectively. 


Ho : : 
Now, B, =B3=——- Ss + 
Ow, 1 3 ‘cs @/p | in d; sin ¢,) 
Ho 4]I 2 
= — -— sin 
4x b #1 
From right angled A OMA, we have 
snp a/2 ink a 
A eae 
2 are aa 
41 
Be gmeoeel i ia 
4n b a> +b 
Similarly, it can be obtained that 
Bes ee een rks 
4m a at +b" 


pg) NAT e+? a | 


B=— 
Ax eee Died Oar 
i hp 4] ae +b? +07 +b" 
4n ae +b ab 
My 8ya +b" I 
or ao a 
4 ab 


9. Suppose that the current flows through the hexagonal loop 
ABCDEF as shown in the Fig. 1.44. 


Fig. 1.44 
The magnetic field produced at point O due to each of the 
six sides of the hexagonal loop is same and perpendicular 
to its plane and in outward direction. If perpendicular 


16. 
17. 


18. 


magnetic field at point O due to side AB of the loop 


Bik LOH ‘a (aieghticin pad oe sing 
4n r 4n 
Here ¢ = 30° 
Also, from right angled A AMO, we have 
AM a/2 
t = — tan. 30°? = 
ange OM “ ie t 
or WPI hay oS 
h (Rtanger 1 2 
, Ho 21 ot te) Ho ra | 
at sin 30° = ——- 
4x J3a/2 4n 3a 
Hence, magnetic field due to the whole hexagonal loop, 
4/31 
ie ee ong 68T 
40 a 


Proceed as in solved problem no. 1.05. 
Proceed as in solved problem no. 1.06. 
Proceed as in solved problem no. 1.06. 
If v is frequency of revolution of electron, then 
I=ev 
Now, proceed as in solved problem no. 1.06. 
Proceed as in problem no. 13. 
Let B, and B, be magnetic fields produced by the two coils. 
Then, 


p, - Ho. 27h _ Mo 2anI_ won! 
: 4x r 4n rT or 
and p, = Ho. 22 mlz _ Mo 2anxV31_ V3 wy n1 


Since the planes of the two coils are perpendicular to each 
other, magnetic fields B, and B, produced by them will also 
be perpendicular to each other. The resultant magnetic field 
is given by 


2 2 
Poe ad. ni V3 ni 
oa anaes G: ( F 


ni 
— Hol, 4 g/2_ Bont 
76 r 


1/2 


Proceed as in solved problem no. 1.07. 
Let B, and B, be magnetic fields produced due to circular 
and straight iy of the loop. Then, 
22 
LE ty asain sh ay Fal to the plane of loop and in 
outward direction) 
Ho 201 


Bos 
a AG YT 


(perpendicular to the plane of loop and in 


outward direction) 
Since B, and B, are in same direction, total magnetic field 
produced by the loop, 


Be Bet Bye eee Mo 28 
An fr An fr 


ete el ekg +1) in outward direction 
Proceed as in Eopidatc no. 17. 
Here, B, will be perpendicular to plane of loop and in 
inward direction, while B, will be in outward direction. 
Therefore, 
My 21 ane aitones 
B #Bynbgtt poner D in inward direction 


‘ 


20. 


21. 


0 ay straight part AB, Komal part BCD and str: 
part DE of the current carrying conductor ABCDE. Tl 


Pe Bin decinin gd) 
4x fF 
= 40.1 (in 90° + sin 0°) 
4n r 
or B igs (perpendicular to the pl 
a ae i perp P 


and in outward directi 


My a1 
Bs 42a. 7 “perpendicular to the pl 


and in outward direct: 


I 

and B; =——--— (sin g, + sin >) 
oar 

Type. Tania |, ees 

-——~-—(sin 90° + sin 0°) 
r 


Ho I 


3=— = 


or a (perpendicular to the p! 


’ and in outward durect 
Therefore, total magnetic field produced by the condu: 


Mo I my a1, My I 
ines ti oT 597 an re ae r he Fa 


Ho. 


or a ri <n +2) in outward direction 
ca 


Let B,, B, and B, Be the magnetic fields produced at p 
Oby the straight part AB, circular part BC and straight 
CD of the current carrying conductor ABCD. Since p 
O lies on straight parts AB and CD, 

Further, as circular segment BC subtends angle 6 at p 
(aye 


ME NES rth aot ed 
2 An r 2th 40. 
os OX 
= 1X 6K IS 6.09 10-67 


Hence, total magnetic field at point O, 
B=B, + B, + B, =0+ 6-28 x 10° +0 
= 6-28 x 10°T 

For the reason explained in problem no. 20, magnetic fi 
produced at point O by the straight parts AB, CD, EF 
GO of the conductor will be zero. Let B,,B, and B. 
magnetic fields produced at point O due to circular p 
BC, DE and FG respectively. Then, 


Lor 1g , (in inward direction) 


B, = 
4a 3r 


1@ 
py (in outward direction) 


and Bz; =——- ae (in inward direction) 


Therefore, total magnetic field produced by the conduc 


Sry Ge Ho 18 | My 18 
Atti o7 43527. Ay 7 


= Ho TS Set] 
AR. BENS 


or = a 
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24. 
25. 


26. 


file 


28. 


29. 


2. Pp 
P23: Let B B be Magnetic field ata point at distance x from the 


centre of the coil and By, at the centre of the coil. 


2 
Ho. 2a1a ‘ 
Then, ae (ae 4x2)9/2 ...(i) 
2a1 } 
and Boe aah ; ii) 


It follows that the magnetic field at a point on the axis of 
the coil is smaller than that at its centre by an amount, 
— B. Hence, the factor by which B is smaller than Bo, 


Pon Be Bh 
Bo Bo 
Using equations (i) and (ii), we have 
SE Soi ld Nika ol 
4n (a* +x") Mo 221 
yi Wh a ae a 
(q7+ x7)3/? a? (14x? /a*)?/? 
=3/2 
ox 
a er ema fe 
2 2 2 
3 
aa as a te a 
\ot2 a 2a a 
Proceed as in solved problem no. 1.12. 


N has uty Pd 
B=yup nl=yg CVn anager 7 x SOx? 5 


= 1-885 x 10° T 
(a) Proceed as in solved problem no. 1.14 
(b) Magnetic field near the end on axis is equal to one half 
of that at the centre of the solenoid. 
(c) Outside the solenoid, magnetic field is zero. 
For explanation, refer to conceptual SAQ 1.07. 
(a) Proceed as in problem no. 26 (b) 


D? 

(b) Magnetic flux, @ = Beng X sm 
I 

B, = oss Ey (in inward direction) 
4x a 
and By = Ho | 212 (in outward direction) 

4na a 
As b<a,B,>B, 


Therefore, net magnetic field at point P, 
B= Bee eee ee 


Let magnetic field be zero at a point, whose coordinates 
are (x, y). 


I 
Then, B,= fo4 5 seed: (in inward direction) 


bias XK 


30. 


31. 


B, Cae) (in outward direction) 
4n y er 
As magnetic field at the observation point is zero, 
B, = B, (in magnitude) 
Boi: SOT ea ela I 
oe At x 40. y ae I, 


Let B, and B, be magnetic fields produced at point O due 
to circular part ABC and straight part AC of the current 
carrying metallic wire. 
The circular part ABC of the metallic wire subtends an 
angle 2 2 — 2 @ at the centre O. 

_ Mo I1An-28) 


4n r 


and 


Ho I 
=f0 “(7-6 
250 tal 


Let ON = a. Then, 
Ho 
4n 


#02) 46 
4n a 


From right angled A ANO, we have 


(in inward direction) 


(ind + sin) 


Z 


(in inward direction) 


ON =OAcos@ or a=rcos@ 
B, =--2. 2) = fo tan 0 
4a rcos@ on 


Hence, total magnetic field at point O, 


B=B, +By=70-- fa +7 2.“ tan 
ule ethene direction 
a 


Let B,, B, and B, be magnetic fields produced at point O 
due to straight part AB, circular part BCD and straight part 
DE of the current carrying conductor. 
As point O lies on the straight part AB, 

B, =0 


32 
The circular part BCD subtends an angle of 270° i.e. > at 
the centre O. Therefore, 


Nr I Se (in outward direction) 
4x 
I I 
Also, By =—-2-- = (sin 90° + sin 0°) = 2 -= (1 +0) 
4n r 4n r 
_ Ho 1 
= (in outward direction) 
4nu or 
Therefore, resultant magnetic field at point O, 
I I 
B= B, + By + By =0+ 7° a a 
r 2 4n r 
Ho I(32 
or B= —-—]| — +1 | in outward direction 
ax rv 2 


Motion of Charged Particle 


2.01. MOTION OF A CHARGED PARTICLE INSIDE ELECTRIC FIELD 

Suppose that a uniform electric field is set up in the plane of paper along OY 
by applying potential difference between two plates parallel to horizontal [Fig. 2.01]. 
If V is the potential difference between the parallel plates held at a distance d apart, 
then strength of the electric field, 


V 
je ll 
F ...(2.01) 


Suppose that a positively charged particle having charge q and mass m enters 
the electric field along OX (normal to the direction of electric field) with velocity v . 
Due to the action of the electric field, the path of the charged particle no longer 
remains straight. Suppose that the charged particle moves along the curved path 
OA. On emerging out of the electric field, it will move along the straight path AB, 
tangent to the curved path OA at point A. As the particle moves along path OA, it 
covers a horizontal distance OQ = x and a vertical distance QA = y. 

Due to the electric field, force acts on the charged particle only along OY and 
it does not experience any force along OX. Therefore, the horizontal distance x is 
covered by the charged particle with uniform velocity v . Therefore, time taken by 


the charged particle to cover the horizontal distance OQ = x is given by 
x 


v 
Along vertical direction OY, the charged particle has zero initial velocity. Due 
to electric field, it experiences a force, 
F=qgE_ (along OY) 
and the acceleration in the path of charged particle along OY is given by 
gE 


m 
The distance y covered along OY is given by 


pe 

ee ey) 5 (2) 
=(0)f+—at© =——-}— 

I ae 2m 


A charge always experiences a force 
electric field, whether it is ahora ce) 
in motion. — 


or = zx ...(2.02) 


This is the equation of a parabola and hence inside the electric field, a charged 
particle moves along the curved path OA, which is parabolic in nature. 


ME 2.02. FORCE ON A CHARGE MOVING IN A MAGNETIC FIELD 
Consider that a charge +q is moving inside the magnetic field of strength B . 
Suppose that the magnetic field acts along Z-axis, while the charge +q moves with 


: 3 
velocity y in YZ-plane making angle 0 with the direction of B and as shown in 
Fig. 2.02. 
As such, the charge +q experiences force FE along X-axis. It is found that the 
magnitude of the force is : 
(i) directly proportional p the magnitude of the strength of magnetic field i.e. 
FauB 
(ii) directly proportional to the magnitude of the charge 1.e. 
Fao 
(iii) directly proportional to the component of velocity along a direction perpendicular 
to the direction of magnetic field i.e. 


Fig. 2.02 


Fa vsin 0 


366 


~ Combining the three factors, we have 
Fa Bqusin@ 
or F=kBquvsin@, 
here k is the constant of proportionality. In SI, when B is measured in tesla, q in 
ulomb and vin metre second—!, the value of the constant k is found to be 1. 
1erefore, 
F=Bqvsin@, ...(2.03) 
The force on a charged particle moving inside a magnetic field is called 
agnetic Lorentz force. The equation (2.03) gives the magnitude of the magnetic 
yrentz force on a charged particle. In vector notation, 


= a 
F =q(v x B) ...(2.04) 
The equation (2.04) gives both the magnitude and the direction of the magnetic 
yrentz force on the charged particle moving inside the magnetic field. Thus, if the 


=? => 
.arged particle moves along Y-axis with velocity v and the magnetic field B is 
rected along Z-axis [Fig. 2.03], then force on the charge + q acts in the direction of 


> 3 
v x B)ie. along X-axis. 
Special cases. Let us consider the following cases : 
1. When the charged particle is at rest. If the charged particle is at rest, 


en v = 0. From equation (2.03), the force on charged particle, 
F=Bq(0)sin0=0 
Thus, a charged particle at rest inside the magnetic field does not experience 
ny force due to a magnetic field. im 
ee When the charged particle moves parallel to the magnetic field. If v is 
arallel to B , then@ =0° or 180°. Then, from equation (2.03), the force on the charged 
article, 
F=Bqv(0)=0 (- sin 0° = sin 180° = 0) 
In other words, a charged particle experiences force inside a magnetic field 
nly if it does not move parallel to the direction of the magnetic field. 
3. When the charged particle moves perpendicular to the magnetic field. lf v is 


— 
yerpendicular toB, then @ = 90°. In that case, from equation (2.03), the force 


xperienced by the charged particle, 
F=Bqv (1) =Bqv (maximum) (- sin 90° = 1) 
Unit of strength of magnetic field. In SL, the unit of strength of magnetic field 
s tesla (T). The equation (2.03) may be used to define the unit of magnetic field as 
xplained below : 
From equation (2.03), we have 


Therefore, 1tesla (T) = ————__,—_ =1N Am? eC sue) 
1Cx1ims x1 

The strength of magnetic field at a point is called one tesla, if a charge of one coulomb, 
when moving with a velocity of 1 m s along a direction perpendicular to the direction of 
the magnetic field, experiences a force of one newton. 

Note. 1. The strength of magnetic field at a point is also measured as the 
magnetic flux crossing per unit area normally at that point. 

The strength of magnetic field at a point is called one tesla, if a magnetic flux of one 
weber crosses an area of 1 m? along normal to the surface. 

Thus 1 tesla (T) = 1 weber metre (Wb mr”) 

2. The strength of magnetic field is commonly expressed as gauss (G). 

1 gauss (G) = 10~ tesla (T) 

gue 2.03. LORENTZ FORCE 


aera 
When a charge q moves with velocity v inside magnetic field of strength B , 
then force on the charge, 


—> > OS 
F =q(v~x B) 


367° 


The force on a charge moving inside a 
magnetic field results due to interaction 
between the magnetic field produced by 
the moving charge (which is equivalent to 


current) and the applied field. 


1. A stationary charge does not experience 
any force in magnetic field. ve 
2. A moving charge experiences force in 
maguetic seid, provided it is not moving 
paraflel to the direction of the field. 


It is called magnetic Lorentz fo charge du 
magnetic field. 

If in addition to magnetic field of strength B, an electric field of strength Bi also 
acts, then total ih 2 on the nate qis oven oe 


pe gE +94(v xB) BMY Ue) 

The force F given by equation (2.05) is called the total Lorentz force on the 
charge q. 

The following points may be noted abcut Lorentz force : aeviy 

1, The magnetic Lorentz force is in the direction of vector v x B i.e. 
perpendicular to both the direction of motion of charge and the direction of magnetic 
field. 

2. The magnetic Lorentz force does no work on the charge, as it always acts 
perpendicular to the motion of the charge. 

3. Magnetic Lorentz force on a charge, in addition to the strength of the 
magnetic field, depends upon its velocity also, whereas force on the charge due to 
electric field depends only on the strength of the electric field. These facts can be 
used to tell whether the charge is moving inside an electric or magnetic field as 
discussed below : 

(a) If at a point, a charge moving in a field experiences force, which varies directly as 
the strength of the field (but does not depend upon the velocity of the charge), then the charge 
is moving inside electric field only. 

(b) If at a point, a charge moving in a field experiences force, which varies directly as 
the strength of the field as well as its velocity (becomes zero, when charge is at rest), then 
the charge is moving inside magnetic field only. 
wee 2.04. MOTION OF A CHARGED PARTICLE INSIDE A UNIFORM 

MAGNETIC FIELD 


When a charged particle having charge q moves inside a magnetic field B with 
~ 


field obliquely. 


In a field, if the force experienced by : 
charge depends only upon the field anc 
does not depend upon the velocity of the 
particle, the field must be. lectric it 
nature. oe hehe 


velocity v,it experiences a force given by 
= > C8 
F =q(v x B) ...(2.06) 
The direction of force on the charged particle due to magnetic field is always 


— 3 
in a direction perpendicular to both its velocity » and the magnetic field B . Let 


us study the motion of the charged particle inside magnetic field in the following 
two cases : ‘uate SRE SLE RSET TEST GSS TUL ES 


a = 
(a) When v is perpendicular to B . Consider that the uniform magnetic field ~ 
=, $ 


of strength B is directed along OZ and the charged particle is moving in XY-plane. — 
Suppose that at any auton the charged particle is at point A, so that the vectors _ 
— rs 


representing its velocity v v and the magnetic field B are perpendicular to each other 

: > => : 
as shown in Fig. 2. te For the orientations of v and B at point A, the equation (2.06) — 
tells that the aie 2 on the eurterd particle pats along AO i.e. along perpendicular — 


to both » v and B. Since the force F acts on the nes particle perpendicular to its : 
velocity, it does not do any work. Hence, magnitude of the velocity of the charged — 
particle remains constant and the force on the charged particle brings about a change ~ 
only in the direction of the velocity of the charged particle. In other words, the ce 


>. Hl 
force F on the charged particle acts as the centripetal force and makes it to move 
along a circular path. At points B and C in the XY-plane, the charged particle 
experiences force along BO and CO respectively. If m is the mass of the charged 
particle and r, the radius of the circular path followed by it, then 
2 
> 85 
+ Iq(vx B)l=—— ...(2.07) 
r 


= > 
Since v and B areat right angles to each other, we have 


eS 
lq(vu x B)I=Bqgu ...(2.08) 


or Pitscees ...(2.09) 


It follows that 
(i) faster the particle moves (v large), the larger is the radius of circular path and 
(ii) heavier the charged particle (m large), the larger is the radius of the circular path. 
The period of circular motion of the charged particle is given by 
2nr 20 ym 


T= = at 
v v Bq 

br Hache (2.10) 
Bq 


The angular frequency of the charged particle moving inside the uniform 
agnetic field is given by 


or o=— sD UL) 


m 

From equations (2.10) and (2.11), it follows that the period of the circular motion 
nd the angular frequency of a charged particle moving in a uniform magnetic field 
either depends upon the magnitude of its velocity nor upon the radius of the circular path. 
his fact is made use of to accelerate positive ions and such an accelerator is called 
yclotron. The angular frequency @is oftenly called cyclotron frequency. 


= > 
(b) When v and Bare inclined to each other. Suppose that at any instant, the 


= = 
harged particle is moving with velocity v inside the uniform magnetic field B 
1aking an angle @ with the direction of the magnetic field as shown in Fig. 2.05. 


4 
The velocity v of the charged particle can be resolved into the following two 
omponents : 
(i) The component vp along the direction of the magnetic field i.e. along OZ. 
It is given by 
Vp =Ucos@ 
(ii) The component v, along normal to the direction of magnetic field i.e. in 


XY-plane. It is given by 
Vy =vsind 
As the magnetic field acts perpendicular to the velocity component v,,, the 
harged particle moves along a circular path. Therefore, as obtained in equation 
2.09), the radius of the circular path followed by the charged particle is given by 


cl Meir Yas (2.12) 
Bq Bg 
The period of the circular path is given by 
2nr 2m _musin®@ 
T= = ——— X ———_. 
Uy. 4 USE Bq 
or Ue 2mm uh213) 


Bg 
It is the same expression as given by equation (2.10). It implies that the period 


—~ 
yf revolution of the charged particle remains same, whether v is parallel to or 
=> 


nclined to B . 

As the charged particle moves along circular path in XY-plane due to the 
relocity component v,, it also advances linearly along OZ due to the velocity 
-omponent vp. As a result, the charged particle will move along the path as shown 
n Fig. 2.06. Such a path is called helical path. 


When a charge moves inside the magnetic 
field, magnitude of its velocity is not 
affected by the field. However, direction 
of motion of the charge changes 
continuously and it moves along a circular 

ath.. ee oe 4 


Key point “ff 


A charge follows circular path, when it 
enters a magnetic field in a direction 
perpendicular to the field. In case charge 
enters the field obliquely, it follows 
helical path due to component of its 
velocity along the field. 


SER A NUE RINSBD NUYS IN RR 
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‘The distance travelled by the charged particle, along the direction of magnetic 
field in a time it completes one revolution, is called pitch of the helical path. 
Therefore, 


| pitch of the helical path= vg x T =v cos 6 x pa 


as pike ee 

| Bq 

Note. Pitch of the helical path is equal to the spacing between its two 
consecutive circular paths. 


mum 2-05. CYCLOTRON 


A cyclotron is used for accelerating positive ions, so that they acquire energy 
large enough to carry out nuclear reactions. Another accelerator, called linear 
accelerator, was also developed for this purpose. However, it has a main drawback 
that its length would very large, if the positive ions are to be accelerated to a very 
high energy. It is because, the cylindrical tubes of increasing lengths have to be used, 
as the positive ions gain more and more energy. 

Cyclotron was designed by Lawrence and Livingstone in 1931 in order to 
overcome the drawbacks of the linear accelerator. In a cyclotron, the positive ions 
cross again and again the same alternating (radio frequency) electric field and 
thereby gain the energy. It is achieved by making them to move along spiral path 
under the action of a strong magnetic field. It is also known as magnetic resonance 
accelerator. 

Principle. It is based on the principle that a positive ion can acquire sufficiently 
large energy with a comparatively smaller alternating potential difference by making them 
to cross the same electric field time and again by making use of a strong magnetic field. 

Construction. It consists of two D-shaped hollow semicircular metal chambers 
D, and D,, called dees. The two dees are placed horizontally with a small gap 
separating them. The dees are connected to the source of high frequency electric field. 
The dees are enclosed in a metal box containing a gas at a low pressure of the order 
of 10-3 mm mercury. The whole apparatus is placed between the two poles of a 
strong electromagnet NS as shown in Fig. 2.07. The magnetic field acts perpendicular 
to the plane of the dees. 

The positive ions are produced in the gap between the two dees by the 
ionisation of the gas. To produce proton, hydrogen gas is used ; while for producing 
alpha-particles, helium gas is used. 

Theory. Consider that a positive ion is produced at the centre of the gap at the 
time, when the dee D, is at positive potential and the dee D, is at a negative potential. 
The positive ion will move from dee D, to dee D,. As the magnetic field acts 
normally to the motion of the positive oe the positive ion experiences force. The 
force on the positive ion due to magnetic field provides the centripetal force to the 
positive ion and it is deflected along a circular path. If B is strength of the magnetic 
field and'm, v and q, are respectively the mass, velocity and charge of the positive 
ion, then| 

2 
Be mv 


.-(2.14) 


...(2.15) 


r 
Here, r is the radius of the semi-circular path along which the positive ion will 
move inside the dee D,. 
Thus, ee (2.16) 
| Bq 
After moving along the semi-circular path inside the dee D,, the positive ion 
reaches the gap between the dees. At this stage, the polarity of the dees just reverses 
due to alternating* electric field i.e. dee D,; becomes negative and dee D, becomes 
positive. The positive ion again gains the energy, as it is attracted by the dee Dj. After 
moving along the semi-circular path inside the dee D, the positive ion again reaches 
the gap and it again gains the energy. This process repeats itself time and again. It 
is because, the positive ion spends the same time inside a dee irrespective of its velocity or 
the radius of the circular path. It can be proved as below : 


*The alternating electric field used is of radio-frequency. 
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Using equation (2.16), we have 
“ps kate (2.17) 

Bq 
As required, the time which a positive ion of mass m and charge q spends inside 
dee is indeed independent of its velocity and radius of the semi-circular path. It 
ay again be pointed out that decrease in time spent inside a dee due to increasing 
locity of positive ions is exactly compensated by the increase in length of the semi- 
rcular path. Due to this condition, the positive ion always crosses the alternating 

ectric field across the gap in correct phase. 

Cyclotron frequency. Under the action of the given magnetic field (B fixed), the 
ven positive ion (e/m fixed) will cover'the semi-circular path in a fixed time only, 


t in equation (2.17) is equal tor where’T is the time period of the electric field. 
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The cyclotron angular frequency, ® = i Slag ae el WHE) 
Also, cyclotron frequency, v = oe Wee shoolea) 
fe tae | 


It is also known as magnetic resonance frequency (non-relativistic). 
Maximum energy of the positive ions. Let v,,,, be the velocity acquired by the 


»sitive ions, when it moves along the largest circular path i.e. path of radius equal 
. the radius R of the dees. Then, 


2 
mv 
Bq Umax = 3 
BgR 
or ieee lS (2.20) 
Therefore, maximum kinetic energy gained by the positive ion, 
2 
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The maximum energy acquired by the positive ion can be expressed in 
1other form as given below : 

If V is the potential difference applied between the dees and N is the number 
times, the positive ion crosses the gap between the dees before leaving the dees, 
en 

EF nax = N(V q) s(2.22) 

Obviously, N = 2, where n is the number of rotations completed by the positive 
nm before the radius of its circular path becomes equal to that of the dees. 

Limitations of cyclotron. 1. When a charged particle is accelerated, its mass 
so starts increasing with increase in its speed. When its speed becomes comparable 
that of light, the mass of the charged particle becomes quite large as compared 
its rest mass. If m, is rest mass, then mass of charged particle when moving with 
eed v is given by 

m= un 


{ {1— vf c* 


Substituting for m in equation (2.17), we have 


: ee ™m 
time spent inside a dee, t= u 


qBy1—v/c* 


Key point of 


Time period of revolution of a charged 
particle inside the dees (magnetic field) is 
independent of the speed and radius of the 
circular path described. It depends upon 
the value of its charge, mass and strength 
of the field. 


A charged particle gets accelerated only 
due to the electric field. There is no effect 
of magnetic field on velocity (or kinetic 
energy) of the charged particle. The 
magnetic field simply makes the charged 


particle to cross the electric field again 


and again by making it to move along 


circular path. 


P 
field changes the polarity of the dees after a fixed interval, the charged particle starts 
lagging behind the electric field and it is ultimately lost by colliding against the walls 
of the dees. However, this problem is overcome in the following two ways : 


(a) As v increases, ,/1 — v2 /c2 decreases. Therefore, B is increased in such a 


manner that the factor B ,/1— v2 /c* and hence t always remains constant. Such 
a cyclotron, in which the strength of magnetic field is adjusted to overcome the 
problem due to relativistic variation in mass of the positive ion, is called synchrotron. 

(b) The frequency of revolution of charged particle inside the dees may be 


expressed as 
yl- v* /c? 


v=B 
4 2m mM, 


It follows that as v increases, 1 — vy” /c? decreases and hence v decreases. If 


frequency of the electric field is adjusted to be always equal to the frequency of 
revolution of the charged particle, then such a cyclotron is called synchro-cyclotron 
or frequency modulated cyclotron. 

2. Cyclotron is used to accelerate heavy charged particles, such as protons. It 
is not suitable for accelerating electrons. 

The reason is that due to small mass, the electrons gain in speed quickly and 
likewise the relativistic variation in mass quickly makes them out of step with the 
oscillating electric field. 


2.06. FORCE ON A CURRENT GAARYRIAG CONDUCTOR PLACED IN 
A MAGNETIC FIELD (FORCE ON A CURRENT) 
Consider a straight conductor PQ of length! placed along Y-axis. Suppose that — 
- 


a uniform magnetic field of strength B acts along Z-axis i.e. perpendicular to the 
length of the conductor [Fig. 2.08]. Further suppose that current I flows through the 


— 
conductor from its end P to Q, so that the vector] / (current element vector) is along 
OY. 


H.A. Lorentz was the first to suggest that the electric current in metals is due © 
to the flow of electrons. In a conductor, current flows due to drift velocity (vg) of © 


the electrons. If the conductor has area of cross-section A and the number of free — 
electrons per unit volume equal ton, then the current flowing through the conductor _ 


is given by 
I=nAevg 
Multiplying both sides by I, we have 
Il=nAlevy 


The direction of flow of the conventional current I is opposite to that of the drift 


-= > 
velocity of the electrons. In other words, I] and vz have opposite directions and 
likewise the above equation may be written as 


= > 
I]=-nAlevg (2.23) 
The magnetic Lorentz force on an electron having charge —e and moving with 
— as 
velocity vq inside the eens field af ne B is given by 
Pa Abe ies 7 S24) 


Each of the free electron inside the conductor experiences aa f under the 


effect of magnetic field. If N is the total number of electrons in the conductor, then 
force on the current carrying conductor placed inside the magnetic field is given 


by 
F =Nx f ...(2.25) 


and more time to complete the semi-circula inside the dee. Since electric _ 
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Substituting for N and f in equation (2.25), the force on the conductor, 


> > 3S ~~ > 
F=nall-e()xB)=Cnateng x 


Using equation (2.23), we have 
i 
F=I1xB ...(2.26) 
Magnitude of force. From equation (2.26), the magnitude of the force on the 
urrent carrying conductor is given by 
F=BIIsin@, Be W298) 
rhere 0 is the angle between the direction of magnetic field and the direction of flow 
f current. 
(i) If 8 = 0° or 180° i.e. sin 6 = 0, then 
F=BI/(0)=0 
Thus, if the current carrying conductor is placed parallel to the direction of 
iagnetic field, it does not experience any force. 
(ii) If 8 = 90°, then 
F=BI/sin90°=BII (maximum) 
In other words, a current carrying conductor experiences maximum force ina 
iagnetic field, when it is placed perpendicular to the direction of magnetic field. 


= —> 
Direction of force. If] ] and B are oriented along OY and OZ respectively as 


ee 
hown in Fig. 2.08, then equation (2.26) tells that the force F (=I/ x B) on the 
onductor will act along OX. 


In practice, to find the direction of force on a current carrying conductor, 
leming’s left hand rule is used. 


mmi2.07. FLEMING’S LEFT HAND RULE in 
It states that if the fore-finger, central finger and the thumb of left hand are stretched 
jutually perpendicular to each other, such that the fore-finger points in the direction of 


=> 
agnetic field (B) and the central finger in the direction of current (I), then the thumb points 


> 
1 the direction of the force(F) experienced by the conductor. 
The rule has been illustrated in Fig. 2.09. 


Note. The equation (2.26) holds only if the magnetic field is uniform over the whole 
ngth of the conductor. If magnetic field is uniform over a small element of length dl — 


nly, then force on the ay element of the conductor is given by 
> 8G 


dE = Idlx B ...(2.28) 
mm.08. FORCE BETWEEN TWOINFINITELY LONG PARALLEL CURRENT 
CARRYING CONDUCTORS 


Consider two infinitely long conductors X,Y, and X,Y, placed parallel to each 
ther at a distancer apart. The currents I, and Lb are flowing through the conductors 
;Y; and X, Y, in the same direction as shown in Fig. 2.10. 


Let us find the force experienced per unit length by the current carrying conductor — 


1, due to the magnetic field produced by the current carrying conductor X,Y). 


Magnetic field at point P (on the conductor X,Y,) due to curernt I, flowing — 


rough the infinitely long conductor X,Y, is given by 
bial 22 


According to the right hand rit rule, the direction of the magnetic field B, — 
point P is perpendicular to the plane of paper and in inward direction. Now, _ 


e conductor X,Y, carrying current I, lies in the magnetic field B, produced by the 


ynductor X,Y,. Since F = BI 1, the force experienced by the unit length of the — 


mductor X,Y, due to magnetic field B, is given by 
My 219 
F=B, x (I, x 1) =—* -—= xI 
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Applying Fleming s left han 

X,Y, acts in the plane of the paper ard towards left. If we proceed i in a similar 
manner then it can be proved that the conductor X,Y, experiences an equal force 
in the plane of the paper but towards right. 

Therefore, the two parallel conductors carrying currents in the same direction 
attract each other and the magnitude of force, that each conductor exerts on the unit 
length of the other conductor, is given by equation (2.29). 

On the other hand, it can be easily shown that if the two parallel conductors carry 
currents in opposite directions, they repel each other and the magnitude of the force 
experienced per unit length by one conductor due to the other is same as given by 
equation (2.29). 

Definition of ampere. Let I, =1,=1A;r=1m 
Then, from equation (2.29), we have 


a7 
nee xen OS =2x107 Nm 


Thus, one ampere is that current, which when flowing through each of the two parallel 
conductors of infinite length and placed in free ae at a distance of one metre from each 
other, produces between them a force of 2 x 10~’ newton per metre of their lengths. 

Note. When two infinitely long current carrying conductors are placed parallel 
to each other, then equation (2.29) for force experienced per unit length by one 
conductor due to the other has been obtained in a qualitative manner. A general 
expression for force can be obtained between two short parallel current carrying 
conductors by making use of equation (2.28) for force on a short current carrying 
conductor placed inside magnetic field. It can be proved that when two short 
conductors of lengths dl; and dlz and carrying currents I; and Ip respectively are 
placed parallel to each other at a distance r enh then force on one short conductor 
due to the other is given by ' 
pa to Niedh dlp (2.30) 

40 r2 ie 

When the current flows in same direction through the two elements, they attract 
each other and when the two parallel conductors carry currents in opposite 
directions, then the current elements repel each other with equal forces. 


Ml 209. TORQUE ON A CURRENT LOOP PLACED IN A MAGNETIC FIELD 
Consider that a rectangular coil ABCD is suspended in a uniform magnetic 
field B acting in the plane of the paper from left to right [Fig. 2.11]. Let | be length 


(AB or CD) and b be breadth (AD or BC) of the coil. Suppose that the coil carries 

current I in the direction ABCD and the normal to the plane of het coil makes an 
373 8S 

angle @ with the direction of the magnetic field. Let F,, Fy, F; and i, be the forces 

acting on the four current carrying arms DA, BC, AB and CD of the coil 


respectively due to the magnetic field. It follows that the force on arm AD, 
= a 


F, =I(DA)xB, 


—> 
phere (DA) is a vector in the direction of flow of current through the arm DA of 
the co. 


Since I (DA) and B make angle (90° + @), we have 


— = 
F, =!1(DA)! | Blsin (90° + 6) = no oe sic Blbcos @ 


The force F, acts on arm DA in the direction of vector I (DA) x B i.e. in the plane 
of the coil and in upward se toe 
= 
The force on arm BC, EB =1(BC)x B, 


a) 
beget ( BC) is a vector in the direction of flow of current through the arm BC of 
e co 


Since I ( BC) and B and make angle (90° — 6), we have 
— 3 
F, =!1( BC)I | Bl sin (90° -— 6) =(1b) Bcos 8=BI bcos 0 


> — ~~ 
The force F, acts in the direction of vector I (BC) x B i.e. in the plane of the coil 
and in downward direction. 


tie 


Thus, forces F, and F, acting on the coil are equal in magnitude and opposite 


> 5 
in direction. As the forces F, and Fy have the same line of action, their resultant effect 
on the coil is zero. 


Now, thy the force on arm AB, E = In AB) x B, 


where I ( AB ) is the vector in the direction of flow of current through the arm AB 
of the coil. 


The angle Detyecnitbe the Brechin of magnetic field B and the side AB is 90°. 
Therefore, F; =|I(AB)| | B lsin 90° =(I1) B(1)=BII 
> — 0 
The force F; acts in the direction of vector] (AB) x B i.e. perpendicular to the 
paper and towards the reader. 
pinay the force on arm CD, ae =] (CD) x B, 


where | (CD)i is the vector in the direction of flow of current through the arm CD 
of the coil. 

As the angle between the direction of magnetic field B and the side CD is 90°, 
we have 


F, =I1(CD)| |B Isin 90° = (I) B(1)=BII 


= —= —s—-> 
The force F, acts in the direction of vector] (CD) x B i.e. perpendicular to the 
plane of the paper and coere from an reader. 


Thus, the two forces and Ei, are equal in oe ae and opposite in 


direction. Fig. 2.12 shows the orientations of the forces Fy and Fy on the arms AB 


and CD, when seen from the top of the coil. As the two forces have different lines — 


of action, they constitute a torque, whose magnitude is given by 


t= either force x KD, 
> 


where KD is the perpendicular distance between the fons i and F,. 
As already said, the direction of the magnetic field B makes an angle 6 with 


the normal (YN or Y'N’) to plane of the coil. Therefore, 7 KAD = 6°. From right — 


angled triangle AKD, we have 
KD = AD sin 0 = b sin @ 
t =BI!xbsiné 
Since 1 x b =A, the area of the coil ABCD, it follows that 
t =BIAsin@ sept) 
As seen from top of the coil, the torque so produced will rotate the coil in 
anticlockwise direction. a i 5 


7 =(1A)xB, as 2.2) 
where Ai is the vector representing the area of the coil and is directed along YN (or 
Y'N’), normal to the plane of the coil. 


> }€ 
_Now,I A=M, the magnetic dipole moment of the current loop. Therefore, 
a 


tT=MxB she, 8G ED) 
Note. 1. If the coil has n turns, then 
t=nBIAsin 9 (2.34) 


2. If the direction of the magnetic field makes an angle a with the plane of the 
coil as shown in Fig. 2.12, then 
0+a=90° or -_ 8 =90" a or sin 8 = sin (90° — a) =cosa@ 


Then, equation (2.34) becomes 
t=nBlAcosa satiated) 


3. The above expressions for the torque on the coil has been eta fora 
rectangular loop. In fact, these expressions hold for a planar current loop of any 
shape.t 


*Since the angle between two lines is same as the angle between their perpendiculars, 
tFor detailed explanation, refer to S.A.Q. FLO E 


Key point i 
Torque on a planar current loop depends 
upon current, strength of magnetic field 


and area of the loop. It is independent of 
the shape of the loop. 


it can be easily shown that Z KAD = 8. 


The moving coil galvanometer was first devised by Kelvin and later on 
modified by D’ Arsonaval. It is also known as American type galvanometer. 

It is a device used to detect small current flowing in an electric circuit. With 
suitable modifications, a moving coil galvanometer can be used to measure current 
and potential difference. 

Principle. When a current carrying coil is placed in a magnetic field, it experiences 
a torque. 

Construction. It consists of a coil ABCD suspended between the poles of a 
permanent magnet NS as shown in Fig. 2.13. The coil is wound on a non-metallic 
frame and has a central soft iron core. The coil is suspended from the torsion head 
with a phosphor bronze wire. The other end of the coil is attached to a hair spring. 
A small concave mirror M is attached to the suspension wire. The whole 
arrangement is enclosed in a non-magnetic case to avoid disturbance due to air. The 
galvanometer can be levelled with the help of levelling screws, so that the coil can 
rotate freely without touching the iron core or the poles of the magnet. 

To connect the galvanometer in the circuit, the binding screws T, and T, are 
provided at the back of the case of the galvanometer. 

Theory. Suppose that the rectangular coil ABCD having n turns is of length 
1 (= AB or CD) and breadth b (= AD or BC). Let B be the strength of the magnetic 
field due to the magnet NS. Initially i.e. (before passing the current through the 
galvanometer), the plane of the coil is parallel to the magnetic field. When current 
is passed through the coil, forces act onall the arms of the coil. The forces on arms 
DA and BC being equal and opposite*, cancel the effect of each other. If current is 
passed in the direction of ABCD, then 

force on arm AB, F = n BI | (normally outwards) 
and force on arm CD, F = n BI! (normally inwards) 

The two forces are equal, opposite, parallel and act at different points as shown 
in Fig. 2.14. Hence, the two forces constitute a torque. As the coil rotates under the 
effect of the torque, the suspension wire gets twisted and a restoring torque is 
developed in the suspension wire. The coil will rotate, till the deflecting torque acting 
on the coil due to flow of current is balanced by the restoring torque developed in the 
suspension wire due to twisting. Therefore, in equilibrium, 

deflecting torque = restoring torque (in magnitude) 

Suppose the coil comes to rest after rotating through an anglea. In this position, 
the plane of the coil makes anglea with the direction of the field as shown in Fig. 2.15. 
The perpendicular distance between the forces acting on armsAB and CDis given by 

DK =AD cosa =bcosa 
Therefore, deflecting torque acting on coil = either force x DK =n BI! xbcosa 
=nBIAcosa, --s(2.50) 
where A = | x b is the area of the coil. If k is the restoring torque per unit twist for 
the material of the suspension wire, then 
restoring torque =k a 
Since in equilibrium, the restoring torque is just equal and opposite to the 
deflecting torque, 
nBlAcosa=ka 
i k oO 
oY nBA cosa@ 


Since the factor is constant for the given galvanometer, 


ie ke 


COs O 
As the deflection (a) produced is not directly proportional to the current (I) 
passing through the galvanometer, a linear scale cannot be used for measuring the 
current. In order that deflection produced in the coil of the galvanometer may be 
directly proportional to the current passed, the poles of the magnet are made concave 
so as to produce radial magnetic field. In sucha field, the plane of the coil is parallel 
to the magnetic lines of force in all positions of the coil [Fig. 2.16] and hence 


For details refer to section 2.09. 


rpen ar e forc 1 e coili 
b, the breadth of the coil. Therefore, in case of radial magnetic field, 
deflecting torque =n BI] xb=nBIA 

In equilibrium, nB TA=ka 


k 
or [= a Re ake 
nBA Ben 

or I=Ga, (2.38) 

rere G= ~. is constant for a galvanometer and is called galvanometer 
n 

nstant. 

Hence, I«xa@ 


deflection produced is directly proportional to the current passed through the 
lvanometer. Such a galvanometer will have a linear scale. 
Sensitivity. A galvanometer is said to be sensitive, if it gives a large deflection, even 
1en a small current is passed through it or a small voltage is applied across its coil. 
Current sensitivity. It is defined as the deflection produced in the galvanometer on 
ssing unit current through its coil. Therefore, ifo.is the deflection produced on passing 
rent I, then 


current sensitivity = = E = be 2239) 


Voltage sensitivity. It is defined as the deflection produced in the galvanometer, 
hen a unit voltage is applied across its coil. Therefore, if a is the deflection produced 
1 applying voltage V, then 


a 
voltage sensitivity = Vv 


If R is the resistance of coil and I is the current that passes through coil on 

plying voltage V, then 
V=IR 
Therefore, voltage sensitivity, Soe BA ..(2.40) 
V. IReeohR 

It follows that a galvanometer will be highly sensitive, if 

(i) nis large; (ii) B is large ; (iii) Ais large; (iv) kis small and (v) R is small. 

However, n and A cannot be increased beyond a certain limit, as otherwise the 
ze of the galvanometer and its resistance will become large. Therefore, B is made 
s large as possible and k is made as small as possible. To increase B, a very strong 
ermanent magnet is used. To decrease k, the suspension wire is made of phosphor 
ronze ; as for this material, k is very small. The value of k further decreases, if the 
rire is hammered in to a flat strip. In very sensitive galvanometers, quartz fibre is 
sed for suspension of the coil ; as for quartz, k is still smaller. 


me 2.11. AMMETER 

An ammeter is an instrument used for measuring current in the electrical circuits. 

A galvanometer is a low resistance instrument and as such it cannot be used 
) measure current in a circuit. It is because, when even a small current is passed 
hrough the galvanometer, it produces full scale deflection. If a large current is 
assed, the galvanometer may be damaged because of the following two reasons : 

(i) The large current will cause the coil of the galvanometer to deflect through 
large angle and the pointer of the galvanometer, in an attempt to go out of scale, 
nay break. : 

(ii) The large current on its passage through the coil of the galvanometer will 
yroduce a large amount of heat. The excessive heating may also damage the 
ralvanometer. 

However, when a galvanometer is converted into ammeter, it can measure 
urrents without causing any damage to it. 

To convert a galvanometer into an ammeter. Suppose that the galvanometer 
5 to be converted into an ammeter of range 0 to I ampere. Further, suppose that 
he galvanometer gives full scale deflection, when current I, (usually very small 
1s compared to I) is passed through it. In order to convert the galvanometer into 
in ammeter of the required range, a small resistance S is connected in parallel to 
he coil of the galvanometer. Its value is so adjusted that when current I is passed, 


only the i‘ I, passes through the coil of the galvanometer and the remaining 
part (I - I, ) flows through the resistance S [Fig. 2.17]. 
Let é be the resistance of the coil of the galvanometer. Since the coil of the 
galvanometer and the shunt are connected across the same two points, 

potential difference across shunt = potential difference across the coil 


i.e. (I 1,) xS I, iE 
I, , 
or S= G (Al) 
I-I, 


Knowing the values of I,, I and G, the value of S can be calculated. By 
connecting shunt of this value, the given galvanometer will work as an ammeter 
of the given range (0 to I ampere). 

Note. 1. The parallel combination of galvanometer and the shunt constitutes 
the ammeter. 

2. The ammeter so obtained has the resistance Ra, whigh} is given by — 


el’ Lo SeG 


or Ra = (2.42) 


$+G 

In practice, G is large as compared to S. Therefore, practically Ry, ~ S. Thus, 
resistance of the ammeter formed will be very low as compared to that of 
galvanometer. However, an ideal ammeter has zero resistance. . 

3. As ammeter is an instrument of low resistance, it is always connected in series 
with the circuit. Because of the low resistance of the ammeter, on its introduction 


in the circuit, the resistance of the circuit practically remains unchanged and 


consequently the current in the circuit also remains unaffected. 
mae 2.12. VOLTMETER 


A voltmeter is an instrument used for measuring potential difference across the two 
ends of a conductor carrying current. 

A galvanometer cannot be used to measure potential difference across a 
conductor in the circuit. It is because, when a galvanometer is connected in parallel 
to the conductor in order to measure potential difference across it ; due to low 
resistance of the galvanometer, a large part of the current will flow through it. As 
a result, current flowing through the conductor and hence potential difference 
across it will decrease on connecting galvanometer across it. Therefore, a 
galvanometer is converted into a voltmeter, so that it can measure potential 
difference across a conductor without causing any change (decrease) in the current 
flowing through it. 

To convert a galvanometer into a voltmeter. Suppose the galvanometer is to 
be converted into a voltmeter of range 0 to V volt. Further, suppose that the 
galvanometer gives full scale deflection, when current I, is passed through it. The 
resistance R is connected in series to the galvanometer so as to convert it into the 
required voltmeter [Fig. 2.18]. For this, the value of R is adjusted so that when a 
battery of V volt (maximum value of potential difference to be measured) is 
connected across the series combination of galvanometer and resistance R, the 
galvanometer gives full scale deflection i.e. current equal to I, flows through it. If 
G is the resistance of the galvanometer, then 


Rie V 
s G+rR 
V 
or R=—-G ...(2.43) 
I, 


Knowing V, I, and G, the value of the R can be found. When the resistance of 
this value is connected in series to the galvanometer, it will work as a voltmeter of 
range 0 to V volt. 

Note. 1. The series combin 
constitutes the voltmete 

2 The voltmeter so o| aihed has’ 

GR Se G+R col 


2.44) 


galvanomter, from Rie 
2. The range of an ammeter 
sed but it cannot be decreased. 


In practice, itis found that Ry vis very I la 


voltmeter is a high resistance instrume 
finite resistance. a + bat 

3. Because of the high BH. 
1e conductor across which potential d 
e voltmeter will not practically draw ¢ t « 
irrent through the conductor will not change. eg 


ype A. On Motion of Charged Particle inside Electric 
field 

Problem 2.01. A proton is initially travelling with 
orizontal velocity v, = 5-0 x 108 cm s~!. Calculate the 
ansverse deflection in travelling horizontal distance, 
= 10 cm in electric field of E, = 200 volt cm~. Mass of pro- 
mn, m = 1-6 x 10-74 g ; charge on electron, e = 1-6 x 101°C. 

Sol. Here, m = 1-6 x 10-*4 g = 1-6 x 10-2” kg; 

a= 16x 10.4@ 
Strength of electric field along Y-axis, 


—1 
BH. =200 V em 200 V.xi mo xd? Van) 
y 100 


Distance travelled along X-axis, x = 10 cm = 0-1m 
Velocity along X-axis, 
v,=5-0x 108 cms =5-0 x 10°ms 
If t is the time for which electron remains inside the 
ectric field, then 
pots SF 122x194 s 
v, 5-0x10 
Force on proton along Y-axis, 
F, =e E, = 16 x 10-9 x 2x 104N 
Therefore, acceleration of proton along Y-axis, 
wily 1056 10) 7 xPK AN ae dool nites 
m 1:6x 10 
Initial velocity along Y-axis, u = 0; 
time for which electric field acts, t = 2 x 10° s 
Therefore, displacement along Y-axis, 


luge 
=ut+—at 
y Z 


=(0)x 2x10 +5 x 2x10! x (2x 10°8)? 


=4x104m=0-4mm 


ype B.On Force on acharge moving in magnetic field 

Problem 2.02. Copper has 8-0 x 1078conduction 

ectrons per metre®. A copper wire of length 1 m and cross- 

ctional area 8-0 x10~° m? carrying a current and lying at 

ght angle to a magnetic field of strength 5 x 10-3 T 

(periences a force of 8-0 x 10-? N. Calculate the drift velocity 

free electrons in the wire. (C.B.S.E. Sample Q. Paper) 

Sol. In a copper wire of length I, area of cross-section A 

id having number of free electrons per unit volume equal 

/n, the total charge in the wire in the form of free electrons, 

q=volume of wire x number of electrons per unit volume 

x charge on electron 

=(AD)Dxnxe=nAle 

If vg is drift velocity of the electron, then force on the 

ypper wire, 


Key point J 


1. The resistance of a voltmeter is very 
large as compared to the resistance of the 
galvanometer, from which it is obtained. 
2. The range of a voltmeter can be both 
increased and decreased. 


F=Bqvy (angle between B ade is 90°) 
Bq BnAle 
Here, n=8-0x 1072 m?;l1=1m;A=8-0 x 10° m2 
Basal0e hy F = 8-0.x,10;4N.; 
Also e=16x10°C 
WD 8-0x 107 


5x10? x8-0x 1078 x8-0x10° x1x1-6x10-? 
= 1-5625 x 104 ms} 
Problem 2.03. An electron is moving northwards with 
a velocity 107 m s~! in a magnetic field of 3 T directed 
eastwards. Calculate the instantaneous force on the 
electron. Given that charge on electron = 1-6 x 10-!9 C. 


Sol. Here, q = 1-6 x 0-19 C; v=10’ ms!;B=3T 
As electron is moving northwards and the magnetic field 


> > 
is east-wards [Fig. 2.19], the angle between v and B is 90°. 
VERTICAL 


Fig. 2.19 
F=q v Bsin 90° 
S16 x 101k 3K" 
=48x107N 
Since the charge on electron is negative, force on electron, 


Now, 


~ 3 38 
F =—q(v x B) 
The direction of force on electron will be that of vector 
os 
—q(v X B) i.e. along vertically upwards [Fig. 2.19]. 
Problem 2.04. A long straight wire carries a current 
of 2 A. An electron travels with a velocity of 4 x 104 ms! 
parallel to the wire at a distance of 0-1 m from it and in 
a direction opposite to the current. What force does the 
magnetic field of current exert on the moving electron ? 
Given, py, = 4 1 x 10-7 T A'm and charge on electron, 
q =1-6 x 10-19 C. 
Sol. Here, 1=2 A; u)=42x107TA!m 
Distance of the observation point from the conductor, 
a=0-1m 


held nt, 


21, Os KD ee 
pe ter: = sda =4x10~ tesla 
4n a 0-1 


The magnetic field acts ‘along normal to the plane, in 
which the wire and the observation point lies. As the electron 
moves in a direction parallel to wire and opposite to the 


=> = 
current, the angle between v and B is 90°. Therefore, 
force of element, F=B qv 
Here = q=16x 10-9 Cand v=4x10* ms! 
F=4x 10x 1-6 x 10°) x 4 x 104 
= 2-56 x 10-79 N 
Problem 2.05. A long straight wire AB carries a current 
of 4A. A proton P travels at 4 x 10° ms“! parallel to the wire, 
0-2 m from it and in a direction opposite to the current as 
shown in Fig. 2.20. Calculate the force which the magnetic 
field of current exerts on the proton. Also specify the 
direction of the force. (C.B.S.E. 2002) 


4A 


4x10ms" 


A 
Fig. 2.20 
Sol. Here, l= 4 A,a=0-2 mand v=4x10° ms~! 
Magnetic field due to a current carrying straight 
conductor is given by 


B= Ho QV iegl Oy 2X4 
“Sarina Ceol eed 
=4x10°T 


According to right hand thumb rule, the magnetic field 
will be directed perpendicular to the plane of paper and in 
inward direction [Fig. 2.21]. 


Oy 


cy 


Fig. 2.21 

Since proton is moving parallel to the conductor, the 

magnetic field produced by the current carrying straight wire 

is perpendicular to the direction of motion of the proton. If q 

is charge on proton and v is its velocity, then force on the 
proton due to magnetic field, 


F=Bqv=4x10° x1-6x10°? x 4x 10° 
= 2:56 x 10°18 N 
The direction of force on the proton is given by 
= > FS 
F =q(v x B) 
i.e. force on the proton acts parallel to horizontal towards 


right. 


Motion of a charge inside Magnetic 

Problem 2.06. An electron is projected with a velocity 
of 10° m s~ at right angles to a magnetic field of 0-019 G 
Calculate the radius of the circular path described by the 
electron, if e = 1-6 x 10-19 C, m = 9-1 x 107! kg. 

(C.B.S.E. Sample Q. Paper 

Sol. Here, . v=10° ms? se=16x10%C; 

m=9-1x 101 kg ; 
B=0-019G=0-019 x 104T 

2 


mv 


Now, B ev= 


r 

6 Ys aol Mae 810, 
Be 0-019x 10+ x1-6 x 107? 
Problem 2.07. Electron (with a charge of 1-6 x 1171? ¢ 
oneach) moving at right angles to the uniform magnetic fielc 
completes a circular orbit in 10~ s. Calculate the value o: 

magnetic field. Given, mass of electron = 9 x 10-71 kg. 
Sol. Here, e = 1-6 x 10°19C ; m=9 x 10! kg ; T= 10%: 


mv- Ber 
— =Bev or v= 


or =0-299m 


Now, 


; 
Therefore, period of revolution, 
2nr. 200,) 20m 


v ~ Ber/m | Be 
_ 2am) 2”x9x107?! 


BS FO TS Sgt 
Problem 2.08. A proton and an alpha particle havins 
the same kinetic energy are allowed to pass through 
uniform magnetic field perpendicular to their direction o: 
motion. Compare the radii of the paths of proton and alphi 
particle. (C.B.S.E. 1996 
Sol. Let q, m and vbe the charge, mass and velocity o 
proton and Q, M and V be the respective values for alphé 
particle. Obviously, 
Q=2qgandM=4m 
Let r and R be the radii of circular paths followed by 
proton and alpha particle, while passing through the 
magnetic field of strength B. 


mv- 


= 3-534x10° T 


Then, for proton : =Bqu 
| mv } 
aad Rta +E 
Bq 
Similarly, for alpha particle : R = MMs - (4m)V 
BQ B(2q) 
or wa am. di 
Bq 


Dividing equation (i) by (i), we have 
navel Do Bq -3($) 
RE gen Vol HDR 
Since the proton and alpha particle have the same kineti: 


energy, 


(iit. 


4 mv* = - MV? 
Pape 2 
= 
or «a Le iO) 
V m m 
From equations (iii) and (iv), we have 
ee es 
Rye 


Problem 2.09. A cyclotron’s oscillator frequency is 
MHz. What should be the operating magnetic field for 
celerating protons ? If the radius of its ‘dees’ is 60 cm, what 
the kinetic energy of the proton beam produced by the 
celerator ? Given, e = 1-60 x 10-9 C, m = 1-67 x 10-”’ kg. 
press your answer in units of MeV. 

Given, 1 MeV = 1-6 x 107-19 J. (Text Problem) 

Sol. Here, m = 1-67 x 10-°” kg; e = 1-60 x 10°C; 

v= 10 MHz = 10’ Hz;R=60cm=0-6m 


Y nplos Be 
At T 2am 
2amv 22x1-67x10-2" x10” 
or Pash Dai Urs ges i 
e 1-60 x 10 
= 0-656 T 
B2 e2 R2 
Now, E max 
2m 


_ 0-656)? x (1:60 x 10-19)? (0-6)? 
2x 1-67 x 10-77 
=11-874x 1073 J 
_ 11-874x 1079 
1-6x1078 
pe E. On force on a current carrying conductor 
Problem 2.10. A horizontal wire 0-1 m long carries a 
rent of 5 A . Find the magnitude and direction of the 
gnetic field, which can support the weight of the wire. 
sume wire to be of mass 3x 10-9 kg m7. 
Sol. Here, 1=5A; 1=0-1m; 
mass per unit length of the wire =3 x 10 kg m7! 
Therefore, weight of the wire, 
mg=3x10%x 0-1 x 9-8 =2-94 x 103.N 
Let B be the strength of the magnetic field applied. Then, 
F=BII=Bx5x0-1=0-5B 
In equilibrium, F = m g 
0:5B = 2.94 x 103 
294x109 


= 7-421 MeV 


or [Bis =5-88x10° tesla 


pe F. On Force between two long straight current 
carrying conductors 


Problem 2.11. Calculate the force per unit length on 
ong straight wire carrying current of 4 A due toa 
allel wire carrying 6 A current. Distance between the 
es = 3. cm. ER SES CEP T99S B'S.E. 1991) 

Sol. Here, I, =4A;1,=6A;r=3cm=0-03m 
pao 2h Is _107 x2x 4x6 


Now, 
0-03 


47 r 
=16x104Nm! 
Problem 2.12. Two long parallel wires are 0-4 m apart 
lir and carry currents of 5 A and 12 A respectively. 
culate the force on each metre of the wire, if the 
rents are in (i) the same direction and (ii) in the 
osite direction. Given , wy, = 4 x 10-7 T A! m. 
Sol. Here, I, =5A;1,=12A; r=04m; 
Wy = 4x 107TA Tm 


ih 


| ) in the same ¢ "The 
conductors will attract each other. The force on one metre of 
a wire due to the whole length of the other wire, 

pao 2h Ip _ 1077 x2x2x5x12 
ec ia 0-4 


4n r 
=3x10°Nm?! 
(ii) When currents flow in the opposite directions. The 
two conductors will repel each other, In this case, 
po Mo 2h 8 3x10% Nm 
47 r 
Problem 2.13. The wires which connect the battery of 
an automobile to its starting motor carry a current of 300 A 
(fora short time). What is the force per unit length between 
the wires, if they are 70 cm long and 1-5 cm apart ? Is the 
force attractive or repulsive ? 
(H.S.S.C.E. 2001 ; P.S.S.C.E. 1995 ; Text Problem) 
Sol. Force on a unit length of a current carrying 
conductor due to another infinitely long parallel current 
carrying conductor is given by 


pao 2hls 
4X E 
I, =1,=300A;r=15cm=15x 102m 


_ 1077 x 2x 300 x 300 _ 
1-5x107 


[: Eo ig? TA m| 
4a 


In the two wires connecting the battery to the starting 
motor, the current will flow in opposite directions. Hence, the 
force is repulsive. 

Type G. OnTorque on a current loop 

Problem 2.14. Calculate the torque on a100 turn 
rectangular coil of length 40 cm and breadth 20 cm, carrying 
a current of 10 A, when placed making an angle of 60° with 
a magnetic field of 5 T. 

Sol. Here, 1=10A;n= 100; 

A= 40 cm x 20 cm = 800 cm* = 8 x 10% m?;B=5T; 

a= 60° (angle between field and plane of coil) 

Now, T=n BI Acosa=100 x5 x 10x 8x 10-2 x cos 60° 

= 200 Nm 

Problem 2.15. (a) A circular coil of 30 turns and radius 
8-0 cm carrying a current of 6-0 A is suspended vertically in 
a uniform horizontal magnetic field of magnitude 1-0 T. The 
field lines make an angle of 60° with the normal to the coil. 
Calculate the magnitude of the counter torque, that must 
be applied to prevent the coil from turning. 

(b) Would your answer change, if the circular coil 
in (a) were replaced by a planar coil of some irregular shape 
that encloses the same area ? (All other particulars are also 
unaltered). (Text Problem) 

Sol. Here, n=30;1=60A; B=1-0T; 

0 = 60° (angle between field and normal to coil) ; 

radius of coil, r = 8-0 cm = 8-0 x 10-2 m 

Therefore, area of coil, 

A=a2r=a x (8-0 x 10°)? = 2.01 x 10-? m2 


Here 


F 2Nm 


(a) Now, torque acting on the current carrying coil dt 
to magnetic field, 
t=nBI Asin @ = 30 x 1-0 x 6-0 x 2-01 x 10 sin 60° 
= 30 x 1-0 x 6-0 x 2:01 x 10° x 0-866 = 3-133 Nm 

To prevent the coil from rotating, a torque equal and 
opposité to t= (= 3-133 N m) has to be applied. 

(b) Since torque on a planar loop is independent of its 
shape (provided area is same), the torque will remain 
unchanged. 

Problem 2.16. Given a uniform magnetic field of 100 
G in an east to west direction and a 44 cm long wire with a 
current carrying capacity of at most 10 A . What is the shape 
and orientation of the loop made of this wire, which yields 
maximum turning effect on the loop ? What is the 
magnitude of the maximum torque ? (Text Problem) 

Sol. Here, B = 100 G = 100 x 104T ;1=10A 

The torque on a planar loop will be maximum, if it has 
maximum area. For a given perimeter, a circle encloses 
maximum area. If 44 cm long wire is bent into a circular loop 
of radius r, then 


2innaae 
ere - aexX7 
or = / Cit 
 Paeae Dien 
Area of loop, 
Aan? =nx7? == x 49=154 cm" 
=154x10~ m? 
Now, T=BlAsin@ 


For maximum turning effect, @ = 90° i.e. sin 6 = 1. 
Thay = BEAS 100}x 1074 X10 x 154:4,107 
=1:54x103°Nm 

Problem 2.17. A circular coil of 20 turns and radius 
10 cm is placed ina uniform magnetic field of 0-10 T 
normal to the plane of the coil. If the current in the coil is 
5-0 A , what is the (a) total torque on the coil, (b) total force 
on the coil, (c) average force on each electron in the coil 
due to the magnetic field. The coil is made of copper wire 
of cross-sectional area 10-° m2 and the free electron 
density in copper is given to be about 107? m™ 

Sol. Here, n = 20; r=10cm=10x 102m 

B=0-10T;1=5-0 A; 

angle between field and normal to the coil, 9 = 0° 

Area of the coil, A= 212 = x (10 x 10°)? = x 10-2 m2 

(a) t=nBiAsin@ =20x0-10x50xa x 107 sin 0° 

= 20 x 0-10 x 5-0x a x 102 x0=0 
(b) Net force on a planar current loop in a magnetic field 


is always zero. 
I) BI 
neA) nA 


(c) Force on one electron = Be vz = B ( 


Here, n= 1077 m*? ; A= 107% m2 
Therefore, force on one electron 
0-10 x5-0 Bi 
Iga eer =5x10 >N 
10” x 10 


Type H. On Moving coil galvanometer 

Problem 2.18. A rectangular coil of area 5-0 x 10 m2 
and 60 turns is pivoted about one of its vertical sides. The 
coil is in a radial horizontal field of 90 G (‘radial’ here means 


orientation). What is the torsional constant of the ha 
springs connected to the coil, if a current of 0-20 m 


produces an angular deflection of 18° ? (Text Probler 
Sol. Here, A = 5-0 x 104 m2; n = 60; a = 18°; 
B=90G=90x 10*T; 
I= 0-20 mA =0-20 x 103A 


Now, I= k 
nBA 
3 ,_nBIA 
a 
_ 60x90x104 x0-20x103 x5-0x10~ 


18 
= 3-0 x 10°? N m per degree 

Problem 2.19. Compare the current sensitivity and vc 
tage sensitivity of the following moving coil galvanometer 

Meter A: 2 =30; A=1-5x 103 m?; B=0-25T; R=20! 

Meter B: n=35; A=2-0 x 10 m?; B=0-25T; R=308 

You are given that the springs in the two meters ha’ 
the same torsional constants. 

Sol. For meter A: For meter B: 

nN, = 30; Ay= 15% 109 meen 3a A, = 20x 10% 8 

B, =0-25T; R, =20Q B, = 0-25 T; R, = 30 Q 
nBA 

k 


La a 
Current sensitivity of a meter, T = 


current sensitivity of meter A 


t current sensitivity of meter B 
n, B, A k 


k, No Bo Ad 
Now, springs in the two meters have same value of ki 
k, =k 
_ current sensitivity of meter A _ 1% By Ay 
’ current sensitivity of meterB 17 By Ag 


30x0-25x1-5x107% 45 9 


35 x0. 25 x20. x40. Hera en Be 


On. NOS 
Voltage sensitivity of a meter, — 
Ip RR 
_ voltage sensitivity of meter A 
' voltage sensitivity of meter B 
_ my By Ay kp Row 
ky Ry 2 Bp Ay 
Since k, = k,, we have 
voltage sensitivity of meter A _ 1; By A; Rp 
voltage sensitivity of meterB 17 By Ap Ry 
= 9 A gal 30 27 
Pare rie 28 


Problem 2.20. The current sensitivity of a moving cc 
galvanometer increases by 20%, when its resistance 
increased by a factor of two. Calculate by what factor, tl 
voltage sensitivity changes. (C.B.S.E. 1998 

Sol. Consider that the moving coil galvanometer consis 
of a coil of m turns and possesses area A and resistance 
When a potential difference V is applied, suppose that 
current I flows through the galvanometer and the coil deflec 
through angle a. Then, 


...() 
and voltage sensitivity of the galvanometer, 
aac nm AB 


stn pang ..-(1i) 
Y MOTI rr hes 

The resistance of the galvanometer can be increased by 
increasing n or A or both n and A. Suppose that the 
resistance of the galvanometer increases by a factor 2 i.e. 
becomes R’= 2 R, when the values of n and A are changed to 
n’and A’respectively. When the same potential difference V 
is applied, suppose that current I’ flows through the 
galvanometer and the coil deflects through angle a’. 

Then, new current sensitivity of the galvanometer, 


a’ n'A'B ». 

ai ..-(ii1) 
and new voltage sensitivity of the galvanometer, 

Ot) Ok Se ALB 


= = ...(10) 
at Nae art eg 
Since on increasing resistance from R to R’ = 2 R, the 
current sensitivity increases by 20%, it follows that 


Using equations (7) and (iii), we have 
n’A’B_ 120 nAB 


Re) "WOO ik 

or nA’ = pues (0) 
From equations (iv) and (v), we have 

a’ _6mA\ Bo _ 3nAB i) 

Vv vy) al Slit le ok 
From equations (ii) and (vi), we have 

Sigg bene 

EIS 


i.e. On increasing resistance of the glavanometer, the voltage 
sensitivity decreases by a factor of 3/5 i.e. it becomes 60% or 
decreases by 40%. 


Type |. Onconversion of galvanometer into ammeter 
and voltmeter 

Problem 2.21. A galvanometer of resistance 15 Q gives 
full scale deflection for a current of 2 mA. Calculate the 
shunt resistance needed to convert it to an ammeter of range 
0-5 A. (C.B.S.E. 1991) 

Sol. Here, G = 15 Q;1,=2mA = 2x 103 A;I=5A 
TRG) 2x03 x15 

I-Ipe 5~2x10% 

Problem 2.22. A galvanometer has a resistance of 

100 ohm. A difference of potential of 50 millivolt between 


its terminals gives a full scale deflection. Calculate shunt 
resistance, which will enable the instrument to read upto 


Now, = 0-006 Q 


> ampere. 
Sol. Here, V = 50 mV = 50x 10° V;G=100Q 
3 
V 
5 AGRE US UB rigiitea 
(e 100 Q 
LnG 4 
Now, inks _5x10 100). pansiey 


Pore “epee 10 


measure a maximum current of 5 mA . What will you do to 

measure a maximum current of 5 A withit? (PS.S.C.E. 1994) 

Sol. The given ammeter may be considered as a 

galvanometer of resistance 100 Q, which can measure a 
maximum current of 5 mA. Thus, 

G=1000;1,=5mA=5x 10% AandI=5A 

For this, a suitable small resistance S has to be connected 

in parallel to the coil of the given galvanometer. It is given by 


I,xG 10° 
ee 8 _oX 0 LY) 
istly 


5-5x10° 
Problem 2.24. A galvanometer has a resistance of 5 Q 
and a full scale deflection is produced by 15 mA. Calculate 
what resistance must be used to enable the galvanometer 
to read (a) 1-5 A ; (b) 1-5 volt ? (Pre-degree Kerala, 1992) 
Sol. Here, G =5 Q;1,= 15 mA= 15 x 103A 
(a) To enable galvanometer to read 1-5 A: 
Here, =1:5A 
The required resistance, 
ames 18 eee 
I-1,. 1-Fesoe hy” 
(b) To enable galvanometer to read 1-5 V: 
Here, V = 1-5 volt 
The required resistance, 
i hice 8 9 
T. 15x 10° 
Problem 2.25. A moving coil galvanometer of 
resistance 10 ohm produces full scale deflection, when 
a current of 25 mA is passed through it. Describe showing 
full calculations, how will you convert the galvanometer 
into (a) a voltmeter reading upto 120 V (b) an ammeter 
reading upto 20 A. (I.S.C.E. 1994) 
Sol. Here, G= 109; 1, =24mA=25 x 103A 
(a) To convert the galuanometer into voltmeter reading 
upto 120 V. To convert a galvanometer into voltmeter of range 
V, a large resistance R has to be connected in series to it. The 
value of R is given by 


=0-:05Q (in parallel) 


—5=95Q (in series) 


RAMWE 
Ty 
Here, V = 120 volt 
R=— ~~ — -10= 47900 
25 )S44 (0S 


(b) To convert galvanometer into ammeter reading upto. 
20 A. To convert a galvanometer into ammeter of range I, a 
small resistance S has to be connected in parallel to it. The 
value of S is given by 


cE 1,G 
I-I, 
Here, I1=20A 
=3 
S= oe =0-012592 
20 — 25x 10- 
Type J.On Ammer and Voltmeter 


Problem 2.26. A battery of e.m.f. 3 volt and internal 
resistance r is connected in series with a resistor of 55 Q 


hr : T 


reads 50 mA. Draw the circuit diagram and calculate the ay 


value of r. (H.S.S.C.E. 2002 ; Pre-degree Kerala, 1994) 
Sol. The given battery, ammeter and the resistor are 
connected as shown in Fig. 2.22. 


E=3 V 


—Wwwws— 
r 


I1=50mA 


R=55Q2 


Fig. 2.22 
Let R, be the resistance of the ammeter. Then, the 
current in the circuit is given by 


y E 
R+Ra, +r 
Here, E=3V,R=550,Rai= 19; 
1=50 mA=50x 107A 
ae 10 ee ee 
554+14+r 564+r 
or r=——>_, - 56 = 60-56 =40 
50 x10 


Problem 2.27. In a circuit shown in Fig. 2.23 ; a 
voltmeter reads 30 V, when it is connected across 400 ohm 
resistance. Calculate what the same voltmeter will read, 
when connected across the 300 ohm resistance ? 
(2S.S.C-E. 1995) 


R,;=3002 R,=400 2 


60V 


Fig. 2.23 
Sol. Here, E=60V; R, = 400 2; R, = 3000, 
Reading of voltmeter, when connected across R,, 
V,=30V 
Let Ry be the internal resistance of the voltmeter. If R is 
the resistance of the parallel combination of Ry and R,, then 
raky xR; _ Ry x 400 
Ry +R, Ry +400 
The current in the circuit, 


ae Bava ce 60 _ 60 (Ry + 400) 
Ry + 400 
Since potential difference across Ris measured to be 30 V, 
IR=30 
60 (Ry + 400) 400 Ry 


Bete) Ve. 1839 or Ry = 1200 Q 
700 Ry +12000 (Ry + 400) 


Suppose that when the voltmeter is connected across R,, 
the resistance of their parallel combination becomes R’. Then, 


GU iy, 


MUR, + Ry: (1200-43000 
If I’ is current in the circuit in this case, then 
ly E OU 3 


R’+R, 240+400 32 = 

Therefore, reading of the voltmeter, when connecter 

across R,, 
V=I'R'= 5 x240=22.5V 

Problem 2.28. A voltmeter V of resistance 400 Qi 
used to measure the potential difference across a 100 § 
resistor in the circuit as shown in Fig. 2.24. 

(a) What will be the reading on the voltmeter ? (b 
Calculate the potential difference across 100 Q resisto 
before the voltmeter is connected. (C.B.S.E1998 


84 V 


LI, 


Fig. 2.24 
Sol. Here, resistance of voltmeter, Ry = 400 Q 
E.M.E of the battery, E = 84 V 
Suppose that a current I flows through the main circui 
and a part I, of this current flows through the voltmeter a 
shown in the figure. Then, the remaining part (I—1,) will flov 
through the resistance of 100 Q. 
(a) Since voltmeter and 100 Q resistance are connecte 
in parallel to each other, the potential drop across them i 
same 1.€. 
I, x Ry=(-L) x 100 
or I, x 400 =(I-I,) x 100 
or I,=I/5 wl 
Also, if R is the equivalent resistance of the paralle 
combination of Ry (resistance of voltmeter) and 100 


resistance, then 
| ] Pde ch 1 5 


R Ry 100 
or R=80Q0 
If R, is the total resistance of the circuit, then 
R, =R + 200 = 80 + 200 = 280 Q 


400 100 


400 


Hence, current in the main circuit, [ = al = cad =0'-3A 
R, 280 
Substituting for I in equation (1), we have 
I, = 0-3/5 = 0-06 A 
Therefore, reading of the voltmeter = potential dro, 
across voltmeter = I, x Ry = 0-06x 400 = 24 V 
(b) When the voltmeter is not connected, the tota 
resistance of the circuit will become, 
R, = 100 + 200 = 300 Q 
If I, is current in the circuit, then 
E 84 
f= = —— £026 A 
Ry 300 


Problem 2.29. (a) A d.c. supply of 120 V is connected 
to a large resistance X. A voltmeter of resistance 10 k Q 
placed in series in the circuit reads 4 V. What is the value 
of X? (BS’S, CHE 1992) 

(b) What do you think is the purpose in using a 
voltmeter, instead of an ammeter, to determine the large 
resistance X ? (Text Problem) 

Sol. (a) Here, E =120 V ; Ry = 10 kQ = 104 Q 

When the voltmeter is put in series with unknown resis- 
tance X, 

the total resistance in the circuit = Ry + X = 10* + X 


> Problem 2.30. A magnetic field set up using Helm- 
e holtz coils is uniform in a small region and has a 
magnitude of 0-75 T. In the same region, a uniform electro- 
static field is maintained in a direction normal to the 
common axis of the coils. A narrow beam of (single-species) 
charged particles all accelerated through 15 kV enters this 
region in a direction perpendicular to both the axis of the 
coils and the electrostatic field. If the beam remains undef- 
lected, when the electrostatic field is 9-0 x 10° V m-!; make 
a simple guess as to what the beam contains. Why is the 
answer not unique ? (Text Problem) 

Sol. Here, B = 0-75 T ; E = 9-0x 10° V m7! 


_ Let e be charge, m be mass and vbe velocity of the . 


charged particles. 

Since beam of charged particles remains undeflected, the 
force on a charged particle due to magnetic and electric fields 
must be equal and opposite. Therefore, 


Bev=Ee / 
9.0 10° 
or pnferha er Set arene fe eee STE ...(i) 
B 0-75 


Now, kinetic energy of proton, = m v*=Ve 
V=15kV=15x 10° V 
mu =15x10° xe 


€ vw? 


m 30x 10° 
From equations (i) and (ii), we have 
6)2 
i» ete eet Biel Cke™ 
ee m 30 x 10 

For proton, the value ofe/m is 9-6 x 10” C ke". It follows 
hat the charged particle under reference has the value of e/m 
aalf of that for proton and therefore beam may be of deutrons 
assuming that charge on particle is 1-6 x 10-!9C). 

The answer is not unique because this ratio of charge to 
nass i.e. 4-8x 10” C kg"! can be satisfied by many other 
charged particles such as He**, Li***, etc. 

Problem 2.31. A monoenergetic (18 keV) electron 
aa beam initially in the horizontal direction is subject 
o a horizontal magnetic field of 0-40 G normal to the 
nitial direction. Estimate the up or down deflection of the 


Here, 


or 


(ii) 


For ambitiou 


Ry +X "10" 4X 
Therefore, potential difference across the voltmeter itself 


te x 104 


Sa Raa 
: 1 


Since reading of the voltmeter is 4 V, we have 
120 
10* + X 
or 10* + X = 30 x 104 
or X = 29 x 104 = 290 kQ 


(b) If an ammeter is used, then its reading will be too 
small to be measured. 


x10* =4 


2 ba 2 oe ee Ree 1 (ata 
% ee ig { eri ye 


s, drilliant & Curious Students 


gts 
Rug 


beam over a distance of 30 cm. Given, m = 9-11 x 10731 kg 
and e =1-60 x 10719 C. 
Sol. Here, m = 9-11 x 1073! kg ;e = 1-60 x 10-19 C; 
B=0-40 G=0-40 x 10*T; 


5 mv? =18 keV =18 x 1.6x 10 J 


Suppose electron moves along a circular path of radius 
r under the effect of magnetic field. 


yD 
mv 
Then, =Bev 
r 
1 
[2m x —mv* 
mv 2 
or r= — = 
Be Be 


2x 9-11 x 10! x 18 x 1-6 x 10718 ~ 


0-40x104x1-60x107 Fz. 
= 11-32 m / 
Fig 2.25 shows an electron covering a circular path PQ 
(= 30 cm = 0:3 m) and of radius OP (= MQ =11-32 m). 


Fig. 2.25 : 

It follows that the electron will undergo a deflection PA 
in downward direction, while it covers a distance PQ. If 0 is 
angle subtended by PQ atthe point O,then 

PA=OP=OA=r-rcos @=r (1 —cos 6) 


PQ 0-30 WG 
6s ae = 2 0:0265 fad = 152° 
OP 11-32 ‘ 
PA = 11-32 (1 — cos 1-52°) = 11-32 (1 - 099965) 


= 3-962 x 104m=4mm 


& 
length 0-45 m and mass 60 g is suspended by the 
vertical wires at its ends. A current of 5-0 A is set up in the 
rod through the wires. 
(a) What magnetic field should be set up normal to the 
conductor in order that the tension in the wires is zero ? 
(b) What will be the total tension in the wires, if the 
direction of current is reversed, keeping the magnetic field 
same as before ? (Ignore the mass of the wire) g = 9-8 ms“. 
(Text Problem) 
Sol. Here, mass of rod, m = 60 g = 60 x 107 3 kg ; 
1=0-45m;I= 50A 
(a) There will be no tension in the supporting wires, if 
the force on the rod due to the magnetic field is equal to the 
weight of the rod and is in vertically upward direction. 
Fleming's left hand rule tells that the magnetic field should 
be applied along horizontal. Therefore, for no tension in 
supporting wires, 
Bll=mg 
_mg 60x10 x9-8 
Il 5-0x 0-45 
(b) If the direction of the current is reversed, force on the 
rod will act in the direction of its weight and hence tension 
in the supporting wires will become 
T = 2 x weight of the rod = 2 x 60 x 1073 x 9-8 
=1-176N 
Problem 2.33. On a smooth plane inclined at 30° 
with the horizontal, a thin current-carrying metallic 


or = 0-261 T 


rod is placed parallel to the horizontal ground. The plane - 


is located in a uniform magnetic field of 0-15 T in the 
vertical direction. For what value of current can the rod 
remain stationary ? The mass per unit length of the rod 
is 0-30 kg m=}. (Text Problem) 

Sol. A rod XY of length say ! is placed on an inclined 
plane as shown in Fig. 2.26. 


Fig. 2.26 

Let @ be inclination of the inclined plane with the 
horizontal. If current I flows through the rod XY from end Y 
to X, then following forces act on the wire XY : 

(i) Weight Mg acts vertically downward. It follows that 
weight Mg makes an angle 6 with normal to inclined plane. 

(ii) Due to magnetic field, force BI 1 acts parallel to 
horizontal and towards right. The force B I ! makes an angle 
@ with the inclined plane. 

The rod will remain stationary, if component of the 
weight Mg of the rod along the inclined plane in downward 
direction is just balanced bythe component of force B I/ along 
the inclined plane in upward direction i.e. 


If m is mass per unit length of the rod, then 


M=m!l 
mlgsin@=BIIcos 0 
m g tan0 
or ba S—- 


B 
B=0-15 T ; m=0-30 kg m! 
0=30°; ¢=98ms?; 
_ 0-30 x 9-8 x tan 30° | 
0-15 
=11:32A 
Problem 2.34. A short conductor of length 5-0 cm is 
oe placed parallel to a long conductor of length 1-5 m neai 
its centre. The conductors are carrying currents 4-0 A anc 
3-0 A respectively in the same direction. What is the total 
force experienced by the long conductor, when they are 3-( 
cm apart ? (Text Problem) 
Sol. Here, I, = 4-0 A (through short conductor); 
I, = 3-0 A (through long conductor) 
r=3-0cm =3-0 x 107m 
Force acting per unit length on the short conductor due 
to a long conductor is given by 


Here, 


0-30 x 9-8 x 0-5774 
0-15 


palo, 2h Ip 
4m r 
10” x2x 4-0x3-0 
ge eet SEEDED? BCMA ATEN 
3-0 x10 


Therefore, total force on short conductor, 
F’ = F x length of the short conductor 
= 8-0 x 10° x (5-0 x 10°) 
= 4.0 x 10° N (attractive force) 
According to Newton’s third law, the long conducto1 
will also experience an equal attractive force (4-0 x 10° N) 
due to the short conductor. 
Problem 2.35. A rectangular loop of sides 25 cm and 
10 cm carrying a curient of 15 A is placed with its 
longer side parallel to a long straight conductor 2-0 cm 
apart carrying a current of 25 A. What is the net force or 
the loop ? (Pre-degree Kerala, 1991 ; Text Problem: 
Sol. Consider the rectangular loop ABCD placed neat 
a long straight conductor XY as shown in Fig. 2.27. 
D Cc 


A) Sia 
a 1, =15A Y 
Fig. 2.27 na, 
The arm AB will get attracted, while CD will ee 
repelled. Forces on arms BC and AD will cancel each other. 
Here, AB =25cm=25x 107m; 
BC = 10 cm=10 x 107m; 
Distance of AB from XY, 
1, =2-0 cm = 2.0 x 107m; A 
Distance of CD from XY, 
Ty = 10-0 + 2-0 = 12-0 cm = 12:0 x 107 m; 
Current through the rectangular loop, I, = 15 A; 
Current through the long wire XY, I, = 25 A 


2141 
: Eee 
x length of the conductor AB 
CUO IQ 2615 50:25 
Toop 
=9.375x10*N 
. My  2KiI2 
Force on side CD, F, = —— - ——= 
4uq f% 
x length of the conductor CD 
I07 Xx 215 X/25 


Force on side AB, F, = me 3 
4n 


x 25x10 


(attractive) 


=x 25x10 
12-0 x 107 
=1-5625x 107 N (repulsive) 
Therefore, net force on the loo 
F = F,-F, = 9-375 x 10-*-1-5625 x 104 


= 7-8125 x 10 N (towards XY) 

Problem 2.36. A current balance (or ampere balance) 
isa device for measuring currents. The current to be 
measured is arranged to go through two long parallel wires 
of equal lengths in opposite directions, one of which is 
linked to the pivot of the balance. The resulting repulsive 
force on the wire is balanced by putting a suitable mass in 
the scale pan hanging on the other side of the pivot. In one 
measurement, the mass in the scale pan is 30-0 g, the length 
of the wires is 50-0 cm each and the separation between 
them is10-0 mm. What is the value of the current being 
measured ? Take g = 9-8 m s~* and assume that the arms of 
the balance are equal. (Text Problem) 

Sol. Here, length of each of the two wires, 

1=50cm=0-5m; 

distance between the two wires, r = 10 mm = 10-2 m 

Since length of each wire is quite large as compared to 
distance between them, the two wires may be considered as 
straight long conductors. Therefore, force experienced by unit 
length of one wire due to the other is given by 

opt 
2 J lilt 
and total force on the wire attached to the scale pan, 
ee eed pe 
41 r 

When the pan is balanced, F’ = M g 

or Ho, 2h. 
47 r 

Here, M=30-0¢ =30-0 x 10%kg;g=9:8ms7 

1=05m;r=10%m 

Since the same current flows through the two wires, 

I, =I, =I (say) 
2101 


407 x x 0-5=30-0x10 x 9-8 


10-7 
30-0x 10 x 9-8x 1077 
or [= |———__________ = 171.46 A 
107” x2x0-5 


Problem 2.37. A solenoid 60 cm long and of 
radius 4-0 cm has 3 layers of windings of 300 turns 
each. A 2-0 cm long wire of mass 2-5 g lies inside the 
solenoid near its centre and normal to its axis ; both the 


weight of the wire ? g = 9-8 ms”. 


plane. The wire is connected through two leads parallel to 
the axis of the solenoid to an external battery which 
supplies a current of 6-0 A in the wire. What value of 
current in the windings of the solenoid can support the 


(Text Problem) 
Sol. Let I be the current passed through the solenoid. 
Then, magnetic field produced along axis of the 


solenoid, 


B=p nl 
Here, total number of turns = 300 x 3 = 900; 
length = 60 cm = 0-6m 
Therefore, number of turns per unit length, 
_ total number of turns _ 900 


length of solenoid 0-6 


— 1500 turns m7! 


Now, B=p,.nl=4a x 107 x 1500 x I 
=62 x 10~*I tesla 
Length of the wire placed inside the solenoid, 
] = 2-0 cm = 0-02 m 
Current through the wire, I’ = 6-0 A 
Force on the wire, 
F=BI'l=(62x 10*D x 60 x 0-02 
= 2-262 x 10* I newton 
The weight of the wire will be supported, if force F due 


to magnetic field on the current carrying wire is eon equal and 
opposite to the weight of wire i.e. 


2-262 x 1041=meg 


Here, m=2-5g9=25x 10% kg 
Therefore, 2:262 x 10 I = 2:5 x 10° x 9-8 
-3 
De : 
or eee 2 168-3. A 
2-262 x 10 


Problem 2.38. The coil ofagalvanometeris0-02 x 0-08 m2. 
It consists of 200 turns of fine wire and is in a magnetic 


field of 0-2 tesla. The restoring torque constant of the 
suspension fibre is 10-° N m per degree. Assuming the 
magnetic field to be radial, 


(i) what is the maximum current that can be measured 


by this galvanometer, if the scale can accommodate 30° 
deflection ? (ii) what is the smallest current that can be 
detected, if the minimum observable deflec-tion is 0-1° ? 


(Text Problem) 
A= 0-02 x 0-08 = 1-6 x 103 m? 
n=200;B=0-2T 
Restoring torque constant of the suspension fibre, 
k= 10 N m per degree 
(i) Maximum deflection, @ ,,,,, = 30° 
Let L.., be the maximum current that can be measured 


Sol. Here 


by the galvanometer. Then, 


2 BA Tne = k Omax 


“ih Ws 0 peas d 10° x 30 
max ae 
nBA  200x0-2x1-6 x10 
=4.69x 104A 


'm eet aE 4 cs 
Let I. be the minimum current that can be measured 


min 
by the galvanometer. Then, 
k 6 mi 10° x0-1 
min — S min hi 2 Ray a 1-56 x 10° A 
nBA 200x0:2x1-6x10 


Problem 2.39. A voltmeter reads 5-0 V at full scale 

deflection and is graded according to its resistance per 
volt at full scale deflection as 5000 Q V-1. How will you 
convert it into a voltmeter that reads 20 V at full scale 
deflection ? (C.B.S:E;.2001 S) 

Will it still be graded as 5000 Qs-!? Will you prefer 
this voltmeter to one that is graded as 2000 Q V-!? 

(Text Problem) 
Sol. Resistance per volt at full scale deflection 
= 5000 Q V-1 
Therefore, current for maximum deflection*, 
Lae —} -2x104A 
5000 
Reading of the voltmeter at full scale deflection = 5 V 
Therefore, resistance of the instrument, 
oe ee? xin Q 
2x10 

New range of voltmeter, V = 20 volt 

Let R be the resistance that should be connected in series, 
so that voltmeter may read upto 20 V. 


PRE AAR EY ete 
Ip 2x10~* 
= 10 x 104-2-5 x 10#=7-5x 104 Q 
Resistance of the new voltmeter, 
R+Ge 75x 10#+2-5 x 104=10°Q 
Resistance per volt of the new voltmeter 


5 
~ 10° _ 5900 v7 
20 


Then, web 104 


Q. 2.01. An electric charge enters in electric field at 
right angles to the direction of electric field. What is the 
nature of the path followed ? 

Ans. The electric charge will move along a parabolic 
path. 

Q. 2.02. What is the magnitude of transverse 
acceleration produced in the motion of the electric charge, 
when it passes through the electric field ? 

Ans. If a charge g having mass m passes transversely 
through an electric field E, then 


: gk 
acceleration, aq =—— 
m 


Q. 2.03. What is magnetic Lorentz force ? 
(PS.o°C.E. 200) 
Ans. The force experienced by a charged particle, when 
moving inside magnetic field is called magnetic Lorentz force. 
It is given by 
a) 


Bis qg(v x B) 


“I, = 1/resistance per volt at full scale deflection. 


5000 Q V-1, 


A voltmeter graded as 5000 Q V~! is better than one 
graded as 2000 Q V—!. It is because, higher the resistance per 
volt, lesser is the current it draws from the circuit and hence 
the better it is. 

Problem 2.40. A voltmeter of resistance 400 Q 
oe connected for measurement to a section of a circuit 
having a resistance of 20 Q shows a reading of 100 V. What 
is the error in the reading of the voltmeter, if the current in 
the main circuit is assumed to remain constant before and 
after connecting the voltmeter ? 

Ans. Here, potential difference across R as measured by 
the voltmeter, V’ = 100 V 

When the voltmeter is connected across the resistance 
of 20 Q, it draws a part of the total current I flowing through 
the circuit. Let I, be the current drawn by the voltmeter as 
shown in Fig. 2.28. 


I R=20Q 


Ry = 400 @ 
Fig. 2.28 
Vince 100 
Then, bigs Bit gaps vis 
Vv 


400 

Therefore, on connecting the voltmeter, decrease in the 
potential difference across the resistance, 

AV =I, x 20=0-25 x 20=5V 

Hence, potential difference across the resistance before 

the voltmeter was connected, 
V=V’'+AV=100+5=105V 

Since the voltmeter measures potential difference across 

R as 100 V, error in the reading of the voltmeter is 5 V. 


With Answers/Hints 

The magnitude of force is given by 
F,=Bqusiné 

Q. 2.04. In a chamber of uniform magnetic field B, an 


electron beam enters with velocity v v. Write the expression 
for the force experienced by the electrons. 
(HS:S, C.E;2002) 
Ans. If —e is charge on the electron, then force on the 
electron is given by 


_ > 38S 
F=—e(v x B) 
Q. 2.05. The force FE ipperienced bya Ratticle of charge 
e movie with velocity y v ina magnetic field Bi is given by 


F 
=e a x B ). Of these, name the pairs of vectors, which are 
ana at right angles to each other. (CBSE: 1998) 
> > = a 
Ans. The pair of vectors v and F ; and the pair B and F 


are always at right angles to each other. 


moving with a velocity v in a magnetic field B ? 
(C.B.S.E. 1991) 

Ans. Refer to VSQ 2.03. The magnitude of force on the 
moving charge due to magnetic field is given by 

EF, =Bqvsin @ 

If the charged particle moves at right angle to the 

direction of the field, then 
Fn = Bq (-:0 = 90°) 

Q. 2.07. A particle of charge g moves with a velocity v at 
an angle @ to a magnetic field B. What is the force 
experienced by the particle ? S:Gie? 1993) 

Ans. Force on the charged particle, F= Bq v sin 0 

Q. 2.08. Under which condition, an electron moving 
through a magnetic field experiences maximum force ? 

(H.S.S.C.E. 2002 ; 1994) 

Ans. An electron moving through a magnetic field 
experiences maximum force, when it moves perpendicular 
to the direction of magnetic field. 

Q. 2.09. Under what condition is the force acting on a 
charge moving through a uniform magnetic field 
maximum ? (H.P.S.S.C.E. 2002) 

Or 
A certain proton moving through a magnetic field 


region experiences maximum force. When does this 
occur ? WerBt on. 4997) 


3 —> a —> 
Ans. Again, F = q(v x B) 
a 
Obviously, magnitude of F will be maximum, if the 


Sy 
direction of y is perpendicular to that of B. 

Q. 2.10. Under what condition is the force acting ona 
charge moving throughauniform magnetic fieldminimum? 

(H.S.S.C.E. 2002 ;C.B.S.E.1995) 

Ans. A charge moving through a magnetic field, 
experiences no force (minimum), when it moves along the 
direction of magnetic field. 

Q. 2.11. What is the force experienced by a stationary 
charge in magnetic field ? (H.P.S.S.C.E. 2002) 

Or 

A stationary charge experiences no magnetic Lorentz 
force. Why ? (P:S.S.C.E. 2001) 

Ans. Refer to VSQ 2.03. For a stationary charge, v = 0 

F,,=Bq(0)sin6=0 

Q. 2.12. Does an electric charge moving along the 
direction of magnetic field experience a force ? 

Ans. Refer to VSQ 2.03. For a charge moving along the 
direction of magnetic field, 6 = 0° i.e. sin 0 = 0. 

fi F,,=Bqv (0) =0 

Q. 2.13. Ina certain arrangement, a proton does not get 
deflected, while passing through a magnetic field region. 
Under what condition is it possible ? (C.B.S.E)-1997) 


> a 
Ans. Now, F =e(v x B) 


= 32 3° > = 
Obviously, F will be zero, if v x B= Ore. vilB 
Therefore, if a proton does not get deflected while 
passing through a magnetic field, it must be moving along the 
direction of magnetic field. 


through a certain region of space. Can we be sure that there 
is no magnetic field in the region? (H.P.S.S.C.E. 2002, 1996) 

Ans. No. The electron may be moving parallel to the 

direction of magnetic field. In such a case, the force 
> > FS BS > 
F=-e(v xB) =0 (.; v is parallel to B ) 

Q. 2.15. An electron is projected in the direction of 
magnetic field. How will its motion be affected by the 
action of magnetic field ? 

Ans. Refer to VSQ 2.12. No force acts on the electron due 
to the magnetic field, when it is projected in the direction of 
magnetic field. Hence, its motion will not be affected. 

Q. 2.16. What will be the path of a charged particle 
moving along the direction of a uniform magnetic field ? 

(C.B.S.E. 1995) 

Ans. When the charged particle moves along the 
direction of a uniform magnetic field, it experiences no force 
and therefore it will move along its original straight path. 

Q. 2.17. A test charge of 1-6 x 10-1? C is moving 


with velocity » =(2/ + 3j)m s 1 in a magnetic field 


Find the force acting on the test 
(1,S.5.C 4 1998'S) 


ars A A 
B=(2i+3j)Wbm °. 
charge. 


Ans. Here, e = 1-6 x 107°C; peor 3])ms7 ; 


Sd A A 
B=(2i+3j)Wbm ~. 
> > 8 
F=e(v xB) 
=1-6x 107? [(27 +3]) x (21+ 3j)1=0 

Q. 2.18. A charged particle in a plasma trapped in a 
magnetic bottle leaks out after a millisecond. What is the 
total work done by the magnetic field during the time, the 
particle is trapped ? 

Ans. As the force due to magnetic field on a moving 
charged particle always acts perpendicular to its direction of 
motion (velocity), no work is done by the magnetic field. 

Q. 2.19. Two protons P and Q, moving with the same 
speed enter magnetic fieldsB, and B, respectively at right 
angles to the field directions. If B, is greater than B,, for 
which of the protons, P and Q, the circular path in the 


magnetic field will have a smaller radius ? (C.B.S.E. 1998) 
2 
Ans. From the expression : Be v= tds 3 
‘4 


Now, 


it follows that 
Bas. 
r 

If B, > B,, then ry <r, i.e. in magnetic field B,, circular 
path will have,a smaller radius. 

Q. 2.20. An electron and a proton moving with the 
same speed enter the same magnetic field region at right 
angles to the direction of the field. For which of the two 
particles will the radius of circular path be smaller. 

(Bob, LI9o) 

Ans. Again from the expression, 

mv- 


Bev= P 
ae 


it follows thatr « m. As mass of electron is less than that 


of proton, radius of the circuiar path of electron will be 
smaller. 
Q. 2.21. Write down the epxression for the Lorentz 
force on a charged particle. 
GL PS:S:G_E. 1999 SR SSIGE: 1999, 1998/5) 
Ans. The force experienced by a charge, when moving 
inside the electric and magnetic fields is called Lorentz force. 
It is given by 
— i a) 
F=q(E+v xB) 
Q. 2.22. Does a stationary charge experience a force in 
an electric field ? 
Ans. A stationary charge experiences force in an electric 
field. It is because, the force due to electric field does not 
depend, whether the charge is at rest or is in motion. 


> a 

The force due to electric field, |F, |=|q El=qE 

Q. 2.23. In a field, the force experienced by a charge 
depends only upon the magnitude of the field and does not 
depend upon the velocity. Is field electric or magnetic in 
nature ? 

Ans. Refer to VSQ 2.22. The field is electric in nature. 

Q. 2.24. In a field, the force experienced by a charge 
depends upon its velocity and becomes zero, when it is at 
rest. What is the nature of the field ? 

Ans. The field is magnetic in nature. It is because, force 
due to electric field is not affected, whether the charge is at 
rest or is in motion. 

Q. 2.25 State the principle of cyclotron. 

(P.S.S.C.E. 2001) 

Ans. It states that positive ions can acquire a large amount 
of energy with a comparatively smaller alternating potential 
difference by making them to cross the same electric field time and 
again by making use of a strong magnetic field. 

Q. 2.26. Does time spent by a proton inside the dee of 
the cyclotron depend upon (i) the radius of the circular path 
(ii) the velocity of the proton ? 

Ans. The time spent by a proton inside the dee of a 
cyclotron is independent of both the radius of circular path 
and the velocity of the proton. 

Q. 2.27. What are the primary functions of electric field 
and the magnetic field in a cyclotron ? 

Ans. The magnetic field makes the charged particle to 
cross the gap between the dees again and again by making it 
to move along circular path, while the oscillating electric field 
applied across the dees accelerates the charged particle again 
and again. 

Q. 2.28. What is meant by cyclotron frequency ? 

Ans. Refer to section 2.05. 

Q. 2.29. The frequency of a charge circulating inside 
the dees of a cyclotron does not depend upon the speed of 
the charge. Why ? 

Ans. The radius of the circular path inside the dee 
increases in direct proportion to the velocity of the charge. As 
a result, time period of the charge and hence its frequency 
remains independent of the speed of the charge. 

Q. 2.30. Can neutrons be accelerated in a cyclotron ? 
Why ? (H.PS.S.C.E.:1998 S) 

Ans. No, neutrons cannot be accelerated by using a 
cvclotron. This is because, a cyclotron can accelerate charged 


Q. 2.31. State Fleming’s left hand rule. 

(PS.S.C.E» 2001} 

Ans. Refer to section 2.07. 

Q. 2.32. What is the nature of force, when the two 
parallel conduciors carry currents in the (i) same direction ; 
(ii) opposite direction ? 

Ans. (i) Force is attractive. (ii) Force is repulsive. 

Q. 2.33. Define an ampere in terms of the force 
between current carrying conductors. (I.S.C.E. 1996) 

Ans. One ampere is that current, which when flowing through 
each of the two parallel conductors of infinite length and placed in 
free space at a distance of one metre from each other, produces 
between them a force of 2 x 10-’newton per metre of their length. 

Q. 2.34. Does the torque on a planar current loop in 
magnetic field change, when its shape is changed without 
changing its geometrical area ? 

Ans. The torque ona planar current loop in a magnetic 
field does not change, when its shape is changed without 
changing the area of the loop. 

Q. 2.35.. Estimate the torque on a closed current loop 


a 
placed in the magnetic field B . What is the main function 
of soft iron core used in a moving coil galvanometer ? 


Ans. When a closed current loop is suspended in 
magnetic field, torque on the coil is given by 


3 2 OF 
lt |=IMx Bl=nBlAsin@, 
where the letters have their usual meanings. 
Q. 2.36. A current carrying loop free to turn is placed 
baa 


in a uniform magnetic field B . What will be its orientation 


~ 
relative to B in the equilibrium state ? (C.B.S.E. 1990) 
Ans. In equilibrium state, the current carrying loop will 


45 
orient itself, such that B is perpendicular to the plane of the 
coil. It is because of the fact that in this orientation, the torque 
on the current loop becomes zero. 

Q. 2.37. Under what circumstances, will a current 
carrying loop not rotate in the magnetic field ? 

Ans. If the current carrying loop is placed in a magnetic 
field, with its plane perpendicular to the field, then it will not 
rotate. 

Q. 2.38. State the principle of moving coil galvano- 
meter. (PS:S.C.E.2001,;,H.S.S.CE. 2002 ; 4997 S) 

Ans. It is based on the principle that when a current 
carrying conductor is placed in magnetic field, it experiences 
a torque. 

Q. 2.39. What is the nature of magnetic field in a 
moving coil galvanometer ? (C.B.S.E. 1996) 

Ans. It is radial in nature. 

Q. 2.40 State two properties of the material of the wire 
used for suspension of the coil in a moving coil galvano- 
meter. ’ (C.B.S.E. 2001) 

Ans. 1. Its restoring torque per unit twist should be low. 

2. Its tensile strength should be high so that it does not 
break under the weight of the coil. 

Q. 2.41. Define current sensitivity of a galvanometer. 

Ans. Refer to section 2.10. 


Sai as a SERRE PTE RTS. oss ; 
Q. 2.42. Define current sensitivity of a moving coil 
alvanometer and state its SI unit. (PS.S.C.E. 1999'S) 
Ans. For current sensitivity of a moving coil galvano- 
1eter, refer to section 2.10. 
The SI unit of current sensitivity is radian ampere"!. 
Q. 2.43. Give two factors by which the current 
ensitivity of a moving coil galvanometer can be increased. 
(C.B.S.E. 2001) 
bead nBA 
Ans. Current sensitivity = k 
vhere the letters have their usual meanings. Since n and A 
annot be increased beyond a limit, current sensitivity may 
e increased by (i) increasing B and (ii) decreasing k. 
Q. 2.44. Explain voltage sensitivity of a galvanometer. 
(25:50. Bi t99D) 


, 


Ans. Refer to section 2.10. 
Q. 2.45. Give two factors by which voltage sensitivity 
»f a moving coil galvanometer can be increased. 
(C.B.S.E. 2001) 
Ans. Voltage sensitivity = OP Shy 
kR 
where the letters have their usual meanings. Since n and A 
-an not be increased beyond a limit, voltage sensitivity may 
»e increased by (i) increasing B, (ii) decreasing k and (iii) 
decreasing R. 
Q. 2.46. What is shunt ? State its SI units. 
(PS.S.C.E. 1999 ; H.S.S.C.E. 1996) 
Ans. A small resistance connected in parallel to the coil 
of the galvanometer is called shunt. Its SI unit is ohm. 
_ Q.2.47. How will you convert a moving coil galvano- 
meter into an ammeter ? (H.S.S.C.E. 2002) 
Or 


meter into an ammeter ? 
H.PS.S.C.E. 1998 ; I.S.C.E. 1997) 
Ans. A galvanometer can be converted into an ammeter 
by connecting a suitable small resistance in parallel to it. 
Q. 2.48. Is the resistance of an ammeter greater than or 
less than that of the galvanometer of which it is formed ? 
Ans. The resistance of an ammeter is always less than 
that of the galvanometer of which it is formed. 
Q. 2.49. An ammeter and a milliammeter are converted 
from the same galvanometer. Out of the two, which current 


measuring instrument has higher resistance ? 
(C.B.S.E. 2002) 


Q. 2.01. Describe qualitatively, the path of a charged 
particle moving in (a) a uniform electrostatic field with 
initial velocity (i) parallel to the field, (1) perpendicular to 
the field, (iii) at an arbitrary angle with the field direction. 

Ans. (i) The force due to uniform electrostatic field will 
act along the direction of the field and hence path will be a 
straight line. 

(ii) It will follow parabolic path, as the force acts along 
a direction perpendicular to initial velocity. 

(iii) It will still follow parabolic path. The velocity of 


-EQUENTLY ASKED SHORT ANSW ER QUESTIONS | 


Ans. From the relation, 
] @* G 


hgh 

it follows that value of S needed to convert the galvanometer 
into milliammeter is larger than that required to convert into 
ammeter. 

Since the resistance of current measuing instrument, 

wae 
“GST 

it follows that milliammeter will possess higher resistance. 

Q.2.50. Why should anammeterhavealow resistance if 

(FS SiC. 2.2002) 

Ans. For measuring current in a circuit, an ammeter is 
connected in series. For the current in the circuit to remain 
practically unchanged, the resistance of the ammeter should 
be low. 

Q. 2.51. How is an ammeter connected in an electric 
circuit ? 

Ans. An ammeter is connected in series in an electric 
circuit. 

Q. 2.52. How can a galvanometer be converted into 
voltmeter ? (H.PS.S.C.E. 2001 ; C.B.S.E. 2001) 

Ans. A galvanometer can be converted into a voltmeter 
by connecting a suitable high resistance in series to its coil. 

Q. 2.53. Is the resistance of a voltmeter greater than or 
less than that of the galvanometer of which it is formed ? 

Ans. The resistance of a voltmeter is always greater than 
that of the galvanometer, of which it is formed. 

Q. 2.54. What is the resistance of an ideal voltmeter and 
an ammeter ? 

Ans. The resistance of an ideal voltmeter is infinite and 
that of an ammeter is zero. 

Q. 2.55. How is a voltmeter connected in an electric 
circuit ? 

Ans. A voltmeter is connected in parallel in an electric 
circuit. 

Q. 2.56. How does (i) an ammeter (ii) a voltmeter differ 
from a galvanometer ? (PS.S.C.E. 1998) 

Ans. (i) An ammeter is a galvanometer, in which a very 
small suitable resistance is connected in parallel to it. 

(ii) A voltmeter is a galvanometer, in which a very high 
suitable resistance is connected in series to it. 


With Answers/Hints 


electron may be resolved into two components. The velocity 
component along the field will not affect its path, while the 
velocity component perpendicular to the field will make it to 
follow parabolic path. 

Q. 2.02. Why does not a charged particle moving at 
right angle to the direction of an electric field follow a 
circular path ? 

Ans. A charged particle moving at right angle to the 
direction of electric field experiences force in the plane of 
electric field. The force acts at right angle to its path only at 


with the passage of time, it no » longer remains right angle 


to the path. Since the force on the charged particle does not 
remain always perpendicular to the path, it does not move along 
circular path. 

Q. 2.03. An electron and a proton are freely situated in 
an electric field. Will the electric force on them be equal ? 
Will their acceleration be equal ? Justify your answer. 

PS'S.C.E. 1999'S) 

Ans. Force on a charged particle having charge e and 
situated inside an electric field E, 

so 

Since the magnitude of charge on an electron is same as 
that on a proton, the electric force on them will be equal. 

et 


Now, acceleration of electron, 4; = —— 
my 
: ek 

and acceleration of proton, 4, =——, 
My 


where m, and mz, are respective masses of electron and 
proton. Since m, < my, the acceleration in the path of electron 
will be greater than that of proton. 

Q. 2.04. An electron travelling west to east enters a 
chamber having a uniform electrostatic field in a north to 
south direction. Specify the direction in which a uniform 
magnetic field should be set up to prevent the electron 
deflecting from its straight line path. (Text Question) 

Ans. Under the action of electrostatic field, the electron 
will be deflected towards north (towards positive plate), It 
will remain undeflected, if force due to magnetic field is 


= 
towards south. As the velocity v of electron is from west to 
east, the gira for eae Lorentz force i.e. 


“f =e fs x B) 
or Fleming’s left hand rule tells that magnetic field B 
should be applied along vertical and in downward direction. 
Q. 2.05. When is the force on a moving charge due 
to a magnetic field maximum and when is it minimum ? 


Ans. We know that F,, = Bq v sin @ 


For force to be maximum, sin 6 = 1 7.e.6 = 90° 1.e. when 
the charged particle moves perpendicular to the direction of 
magnetic field. 

For force to be minimum, sin 6 = 0 i.e. 0 = 0° i.e. when 
the charged particle moves along the direction of magnetic 
field. 

Q. 2.06. A magnetic field that varies in magnitude from 
point to point but has a constant direction (east to west) is 
set up in a chamber. A charged particle enters the chamber 
and travels undeflected along a straight path with constant 
speed. What can you say about the initial velocity of the 
particle ? (Text Question) 

Ans. The force on a charged particle moving inside 
magnetic field is given by 

— ie) 
Fn =9(v x B) 
The force on the charged particle will be zero (will 


> €S 
remain undeflected), if v x B is equal to zero i.e. if initial 


velocity vis either parallel or antiparallel to the magnetic _ 


~ 
field B. 


Q. 2.07. Is any work done by a magnetic field on a 
moving charge ? 
Ans. Fors ona charge q moving inside a magnetic field 


of strength B with velocity is a given by 
= a 
EF, =4q(v x B) 

Thus, F. F,, 1s perpendicular to * i.e. perpendicular to the : 


direction of motion of the charge. 
Therefore, work done by magnetic field, 


a) 
W=E *S'= BS cos 902=0 
i.e. no work is done by magnetic field on a moving charge. 

Q. 2.08. Describe qualitatively, the path of a charged 
particle in a uniform magnetic field with initial velocity 
(i) parallel to the field, (ii) perpendicular to the field, (iii) 
at an arbitrary angle with the field direction. 

Ans. (i) No force will act due to uniform magnetic field 
and hence charged particle will move along straight line. 

(ii) It will move along a circle in the plane perpendicular 
to the magnetic field. 

(iii) It will move along a helical path with its axis parallel 
to magnetic field. 

Q. 2.09. Why does a charged particle moving at right 
angle to the direction of a magnetic field follow a circular 
path ? 

Ans. When a charged particle moves at right angle to the 
direction of a magnetic field, it experiences force whichalways 
acts perpendicular to the velocity. Hence, magnitude of its 
velocity remains constant and only the direction of the 
velocity of the charged particle changes. In other words, the 
force on the charged particle acts as centripetal force and it 
follows circular path. 

Q. 2.10. An electric charge moving ina direction making 
an angle@ (¢90°) with the direction of magnetic field follows 
a helical path. Why ? 

Ans. When a charge moves with velocity v making an 
angle @ with the direction of magnetic field, the component 
of velocity v sin ¢ (perpendicular to the magnetic field) 
makes the charge move along circular path, while the 
component of velocity v cos ? (along the magnetic field) drifts 
the charge along the direction of the field. As a result, the path 
of the charge becomes helical. 

Q. 2.11. A charged particle is released from rest in a 
region of steady and uniform electric and magnetic fields, 
which are parallel to each other. What will be the nature of 
the path followed by the charged particle? (I.1.T. 1999) 

Ans. Under the effect of electric field, the charged 
particle will move in a straight line along the direction of 
electric field. The magnetic field will not affect the motion of 
the charged particle, as it is parallel to the direction of electric 
field i.e. parallel to the direction of motion of the charged 
particle. 

Q. 2.12. The energy of a charged particle moving in a 
uniform magnetic field does not change. Why ? Explain. 
(C.B.S.E. 2002’; P.S.S.C.E. 2001) 


ield on the charge is zero, the energy of the charged particle 
loes not change. 

Q. 2.13. A beam of a-particles and of protons, of the 
ame velocity v, enters a. uniform magnetic field at right 
ngles to the field lines. The particles describe circular 
yaths. Calculate the ratio of the two paths. 

(C.B.S.E. 2001 S) 

Ans. Let m, and q, be mass and charge on a-particle. Let 
, be radius of the circular path described by the a-particle, 
when it moves in a uniform magnetic field B with a velo- 
‘ity v. Then, 

2 


or ae alesse 
" Bay 

Let m, and q, be mass and charge on proton. Then, 
adius of the circular path described by the proton, when 
noving with same velocity v in magnetic field B, is given by 


M7 UV 
UG) ae = 

Bq2 
ty iy, Bagge Say / m2 4, 
tr Ba, myv gi/qr 2 


O. 2.14. An electron beam passes through a region of 
crossed electric and magnetic fields of intensities E and B 
respectively. For what value of electron speed will the beam 
remain undeflected ? (C.B.S.E. 2001 S) 

Ans. Let v be the electron speed, for which beam remains 
undeflected while crossing through crossed electric and 
magnetic fields. For the beam to remain undeflected, the force 
on an electron due to two fields should be equal and opposite 


1.€. Bev=eE or v=— 


B 
Q. 2.15. A point charge + q is moving with speed v 
perpendicular to a magnetic field B as shown in Fig. 2.30. 
Explain, what should be the magnitude and direction of the 
applied electric field, so that net force acting on the charge 
is zero. (C.B.S.E. Sample Q. Paper) 
Ans. The magnetic field as shown in Fig. 2.29 is 
perpendicular to the plane of paper and in inward direction. 


O X 
Fig. 2.29 
The force on the charge due to magnetic field is given by 
“> 3 €F 
F =q(v x B) 


ie. the magnitude of the force will be equal to B qv and the 


force will be along OY. If E is the strength of electric field, then 
force on charge q due to electric field will be q E. So that the 


e is zero, q E should be equal anc 
toBq vie. 
gE=Bqv 
or E=Buv 
The direction of electric field will be along YO. 
Q. 2.16. “Cyclotron is not suitable for accelerating elec- 
trons.’ Explain the reason. 
(PS.S.C.E..2002,; H:S.S.C.E. 1997) 
Or 
Why is a cyclotron not suitable for accelerating elec- 
trons ? (P.S.S.C.E. 1996 S) 
Ans. Electrons have very small mass. Even a small 
increase in the energy of the electron imparts a very high 
speed to it. Due to the high speed, the electrons go quickly 
out of step with the oscillating electric field. Also, the fast 
relativistic variation in mass of electrons poses a serious 
problem, when cyclotron is used to accelerated electrons. 


Q. 2.17. What is the force that a conductor d] carrying 


a current I experiences, when placed in a magnetic field B ? 
What is the direction of the force ? 
(H.P.S.S.C.E. 1996 ; C.B.S.E. 1990) 
Ans. The force is given by 
3 32> OS 
dF=I1dlx B 
The direction of force is given by the cross-product 
> FS 
I dl x B. It can also be found by using Fleming’s left hand 
rule. For Fleming’s left hand rule, refer to section 2.07. 
Q. 2.18. In the Fig. 2.30, the straight wire AB is fixed, 
while the loop is free to move under the influence of the 
electric currents flowing in them. In which direction does 


the loop begin to move ? Give reason for your answer. 
(C.B.S.E. 1999, 1997) 


imma 
P Q 


Fig. 2.30 

Ans. The currents in arm PQ and wire AB are in same 
direction and hence wire will attract the arm PQ witha force, 
say F,. On the other hand, the arm RS of the loop will 
experience a force of repulsion, sayF>. Since the arm PQ is 
closer to wire AB, F, > F, i.e. the loop will move towards the 
wire. 

Q. 2.19. Write the relation for force between two 
parallel wires carrying current and hence define unit of 
current. 

(P.S.S.C.E. 1996 S) 

Ans. Force between two parallel wires carrying current 
is given by 

Pistia 2]122, 
47 r 
where the letters have their usual meanings. 

For definition of unit of current i.e. ampere, refer to VSQ 

2.99: 


ey o oY 

Q. 2.20. Why do the two parallel conductors carrying 
current exert force on each other ? 

Ans. The current flows in a conductor due to the motion 
of electrons through it. When a current carrying conductor 
is placed inside a magnetic field, the electrons moving inside 
the conductor experience force due to the magnetic field in 
a direction perpendicular to the length of the conductor. As 
the electrons are confined to the conductor, the force on the 
electrons shows its effect as the force on the conductor. 

Q. 2.21. Two parallel conducting wires carrying 
electric current in the same direction attract each other. 
Explain, why. (P.S.S.C.E. 2001) 

Ans. The current through one conducting wire produces 
magnetic field and the other parallel current carrying wire 
experiences force due to this magnetic field. The application 
of Biot Savart’s law tells that when the current in the two 
wires is in same direction, the two wires attract each other. 

Q. 2.22. Why do two straight parallel metallic wires 
carrying current in the opposite directions repel each other. 

(P'S:5.C.E. 20012 H.0.9.C.E. 1999) 

Ans. The current through one metallic wire produces 
magnetic field and the other parallel current carrying metallic 
wire experiences force due to this magnetic field. The appli- 
cation of Biot Savart’s law tells that when currents flow 
through the two conductors in opposite directions, one 
parallel wires repels the other. 

Q. 2.23. Why should a solenoid tend to contract, when 
a current passes through it ? 

Ans. When current flows through a solenoid, the 
currents in the various turns of the solenoid are parallel and 
in the same direction. Since the currents flowing through 
parallel wires in the same direction lead to force of attraction 
between them, the turns of the solenoid will also attract each 
other and as a result, the solenoid tends to contract. 

Q. 2.24. A rectangular loop of area A, having N turns 
and carrying a current of I ampere is held in a uniform 
magnetic field B. 

(i) Write down the expression for the maximum torque 
experienced by the loop. 

(ii) In which orientation, will the loop be in stable 
equilibrium ? (C.B.S.E. 1998 S) 

Ans. (i) T,,.9,=NBIA 

(ii) When the plane of the coil becomes parallel to the 
direction of magnetic field, it will experience no torque and 
hence it will be in stable equilibrium. 

Q. 2.25. A current carrying circular loop is located in a 
uniform external magnetic field. If the loop is free to turn, 
what is its orientation of stable equilibrium ? Show that in 
this orientation, the flux of the total field (external field and 
the field produced by the loop) is maximum. 

(Text Question) 

Ans. The stable equilibrium position will be that in 


—s 
which vector A representing the area of the circular loop 


— 
and B are parallel. As both the fields (applied field and the 


field produced by current loop) are in same direction, the flux 
of the total field is maximum in this orientation of the loop. 

Q. 2.26. A small coil carrying a current is placed in a 
uniform magnetic field. How does the coil tend to orient 
itself relative to the magnetic field ? 


Ans. The torque acting on a coil is given by 
t=nBlAcosa, it 
where a is the angle between the plane of the coil the and the — 
direction of magnetic field. When a@ = 90°,then 
T=0 

The coil tries to orient itself in this position. Thus, in 
equilibrium, the coil will acquire a position, such that its plane 
makes an angle of 90°with the direction of magnetic field. 

Q. 2.27. The torque on a planar current loop depends 
upon its area and is independent of the shape of the loop 
of the planar loop. Explain. 

Ans. A planar loop of any shape can be divided into a 
large number of rectangular strips as shown in Fig. 2.31. 


Fig. 2.31 

Each rectangular strip is acted upon by a small torque. 

In the horizontal arms of any two adjacent rectangular strips, © 
the current flows in opposite directions and hence net force 
on the horizontal arms of the rectangular strips is zero. The 
vertical arms of the strips will coincide more and more with 
the boundary of the planar loop, as the number of strips into 
which the planar loop is divided, is increased. Therefore, in 


the limiting case, magnetic moment (1A) of the planar loop 
is equal to current times the total area of the rectangular strips 


. > 37> 3 
i.e. the area of the planar loop and hence torque t(=1 A x B) 
depends upon its area and is independent of the shape of the 
loop. 

Q. 2.28. Explain, why earth’s magnetic field does not 
affect the working of a moving coil galvanometer. 

Ans. The field magnet used in a moving coil 
galvanometer is very strong. The earth’s magnetic field is 
quite weak as compared to the magnetic field produced by 
the field magnet. Practically, the coil rotates under the effect 
of the strong magnetic field due to the field magnet and the 
weak magnetic field due to the earth does not affect the 
working of the moving coil galvanometer. 

Q. 2.29. What is the importance of radial magnetic field 
in a moving coil galvanometer ? 

(C.B.S.E. 2001 ; P.S.S.C.E: 2001, 2000; H-P.S.S.C.E. 1995) 

Ans. The coil of the galvanometer experiences torque 
due to the action of magnetic field produced by the field 
magnet. In case the field magnet has flat poles, the torque on 
the coil decreases as it rotates from its equilibrium position 
(when plane of the coil is parallel to the magnetic field). It is 
because, in the new position, the plane of the coil is not 
parallel to the magnetic field. Moreover, as such, the 
deflection in the coil is not directly proportional to the current 
passed through the coil. 

When the, magnetic field is made radial by using a 


Id magnet with co: poles, the plane oil alway: 
mains parallel to the direction of the magnetic field. Due 
this, the galvanometer scale becomes linear. 
Q. 2.30. What is the main function of soft iron core used 
a moving coil galvanometer ? 
_ Ans. When a soft iron core is used, the magnetic field 
.es tend to crowd through the core. It is because, soft iron 
re is ferromagnetic in nature. As a result, the strength of the 
agnetic field due to the field magnet increases, which in turn 
creases the sensitivity of the galvanometer. 
Q. 2.31. Explain the action of a shunt. 
(Pre-degree Kerala, 1992) 
Ans. A shunt is a small resistance connected in parallel 
a galvanometer. The resistance of a galvanometer is small 
id if the whole of the current in an electric circuit passes 
rough it, it may get damaged. The shunt allows only a small 
rt of the current to flow through the galvanometer by acting 
a by pass to the major part of the current. 
Q. 2.32. It is desired to pass only 5% of the current 
rough a galvanometer of resistance 95 Q. What shunt 
sistance should be connected across it ? 


Ans. Here, G = 95 W ;I oid orl =201 
8 100 8 


ot I,G 4 I, x95 
re Paes at 
Q. 2.33. A galvanometer has a resistance of 50 ohm. A 
sistance of 5 ohm is connected across its terminals. What 


art of total current will flow through the galvanometer ? 
(H.S.C.C.E. 2001, 1992) 


Now, S 


I, G I 
Ans. We know, S = & or SS) S 
ae I G+sS 
Here G=5092 and S=5Q0 
Ha Dg OEE 
I 50+5 11 


Q. 2.34. A galvanometer coil has a resistance of 15 Q 
nd the meter shows full scale deflection for a current of 4 
1A. How will you convert the meter into an ammeter of 
ange 0 to6A? (Text Question) 

Ans. Here, G = 15 0; 1, =4mA=4 x 103 A;I1=6A 

To convert a galvanometer into an ammeter, a small 
»sistance S has to be connected in parallel to the coil of the 
alvanometer. Then, 


IgG 4x10 x15 
Lely 64x 105 

Q. 2.35. A galvanometer has a resistance of 100 ohm. 
. resistance of one ohm is connected across its terminals. 


Vhat part of the total current flows through the galvano- 
neter ? Draw the necessary circuit diagram. 


S= =0-012 


Ans. Here, G = 1002 ;S=1Q : 
Let I be the total current in the circuit and the part I, flow 
hrough the galvanometer as shown in Fig.2.32. 


g 8 
or I,(G+5S)=15 
I g a) 1 i 
or SS = 
I G+S .100+1 101 

Q. 2.36. Why an ammeter should have as low a 
resistance as possible ? Explain. 

Ans. An ammeter is connected in series in an electric 
circuit to measure the current. In case the resistance of 
ammeter is not low, the current in the circuit will decrease on 
connecting it in the circuit. For this reason, the ammeter 
should have as low a resistance as possible. 

Q. 2.37. When an ammeter is put in a circuit, does it 
read slightly less or more than the actual current in the 
original circuit ? Explain. 

Ans. Yes, when an ammeter is connected in a circuit, it 
reads slightly less than the actual current in the circuit. It is 
because, an ammeter has a small resistance and when it is 
connected in the circuit, it decreases the current by a small 
amount. 

Q. 2.38. A galvanometer gives full scale deflection with 
the current I, . Can it be converted into an ammeter of range 
I<I,? 

Ans. The required value of shunt is given by 

Ms I * G 
I-I, 

For I < I,, the above formula gives negative value for 
S. Hence, it cannot be converted into an ammeter of ranz° 
I< I. 

Q. 2.39. Can we increase/decrease the range of a given 
ammeter ? 

Ans. As discussed above, the range of given ammeter 
cannot be decreased. It is because, S can not be negative. 

However, the range of an ammeter can be increased by 
selecting a proper shunt. In the formula for S (in last question), 
I, will represent the present range of the ammeter. 

Q. 2.40. How does a voltmeter differ from ammeter ? 
(P'S.S.C.E. 1999) 


Or 
Compare a voltmeter and an ammeter. ; 
(PS :5.C.E..1998 5) 

Ans. 1. An ammeter is a galvanometer to which a small 
resistance is connected in parallel, while a voltmeter is a 
galvanometer to which a high resistance is connected in 
series. 

2. An ammeter is a low resistance instrument, while a 
voltmeter is a high resistance instrument. 

3. An ammeter is always connected in series, while a 
voltmeter is connected in parallel to the part of the circuit 
across which potential difference is to measured. 

4. An ammeter is used to measure current, while a 
voltmeter is used to measure potential difference in a circuit. 

Q. 2.41. How can a moving coil galvanometer be 
converted into a voltmeter ? (C.B.S.E. 1991) 

Ans. A moving coil galvanometer can be converted into 
a voltmeter by connecting a suitable high resistance R in series 
with its coil. The value of R is given by 


ee aby 
I 


where I, G and V have their usual meanings. 


measure a voltage 100 times as larg as it can measure 
without an additional resistance in series. How large a 
resistance is to be used in series with the meter ? 

Ans. Suppose that a voltmeter of resistance R can 
measure potential difference upto V. Obviously, when 
potential difference V is applied, the deflection in the 
voltmeter is maximum i.e. 


So that the voltmeter can measure potential difference 
as large as 100 times Vie. 100 V, suppose that the value of the 
resistance R’ to be connected in series with the meter is R’. 
Then, 


100 V 100 V 
spr (200 MOE sees 1 0 


I, V/R 


Q. 2.43. A galvanometer coil has a resistance of 12 Q 
and the meter shows full scale deflection for a current of 
3 mA. How will you convert the meter into a voltmeter of 
range 0 to 18 V ? (Text Question) 

Ans, Here, G = 12; 1,=3mA=3x 109A; V = 18 volt 

To convert galvanometer into voltmeter, a large 
resistance R has to be connected in series to the coil of the 


galvanometer. Then, 


Ree eer 5988 © 


I, 3x 10~ 

Q. 2.44. A good quality voltmeter should have a large 

istance. Explain. 

Ans. A voltmeter is connected in parallel to the 
conductor, across which the potential difference is to be 
measured. Obviously, the potential difference across the 
conductor should not change on connecting the voltmeter 
¢ oss the conductor. It will be so, only if the voltmeter draws 
a egligible current i.e. if its resistance is very large. 

Q. 2.46. Draw a circuit, showing how an ammeter and 
a voltmeter can be connected to a resistor to measure the 
current and voltage at a given instant. (I.S.C.E. 1996) 


-R=99R 


and to measure re voltage across it, ppinitses (A) and voltmete 
are connected as shown in Fig, 2.34. 

Q. 2.45. When a voltmeter is put across a part of th 
circuit, does it read slightly less or more than the ones 
voltage drop across that part ? Explain. 

Ans. When a voltmeter is put across a part of the circui 
it reads slightly less than the original potential drop acros 
that part. It is because, the voltmeter draws some curren 
form the part of the circuit across which it is connected an 
as a result, the potential drop across that part decreases. 

Q, 2.47. Why is an ammeter connected in series, whil 
the voltmeter is connected in parallel with the rest of th 
circuit ? (H.S.S.C.E. 2000 

Ans. An ammeter is a low resistance instrument, whil 
a voltmeter is a high resistance instrument. 

When an ammeter is connected in series, the resistanc 
of the circuit remains practically the same. In case it i 
connected in parallel, most of the current will flow throug. 
it and the current in the main circuit will decrease. 

When a voltmeter is connected in parallel with the res 
of the circuit, only a very small amount of current will flov 
through the voltmeter and hence current in the circuit remain 
the same. In case, the voltmeter is connected in series, th 
current in the circuit will decrease appreciably due to hig. 
resistance of the voltmeter. 

Q. 2.48. Can we increase/decrease the range of a give: 
voltmeter ? 

Ans. The range of a given voltmeter can both b 
increased and decreased. 

We know that for converting a galvanometer o 
resistance G into a voltmeter of range V, a high resistance | 
given by 


R="=6 


I 
§ 

has to be connected in series to the coil of the galvanomete 

In order to increase the range of the voltmeter, R has t 
be increased. It can be done by putting a suitable resistanc 
in series with the resistance R. 

On the other hand, to decrease the range of th 
voltmeter, R has to be decreased. It can be done by putting | 
suitable resistance in parallel with the resistance R. 


Q. 2.01. A charged particle enters an environment of 

astrong and non-uniform magnetic field varying from 
point to point both in magnitude and direction and comes 
out of it following a complicated trajectory. Would its final 
speed equal to initial speed, if it suffered no collisions with 
the environment ? (Text Question) 

Ans. The magnetic field exerts force on the charged 
particle always perpendicular to its motion and hence does 
no work. Therefore, charged particle will have its final speed 
equal to its initial speed, provided it suffered no collision with 
the environment. 
Q. 2.02. A cloud chamber photograph shows a pair of 
circular tracks emerging from a common point. The 
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tracks have similar density of droplets, but curve it 
opposite directions in a plane normal to the magnetic fiel 
maintained in the chamber. If one of the ionizing particle 
is established to be an electron, guess the high energy even 
that took place at the common point of the track. 
(Text Question 
Ans. The similarity of the two paths shows that the othe 
charged particle has same mass and same magnitude o 
charge as that of electron. As the tracks are curved in opposit 
directions, the nature of charge on the other particle i 
opposite to that of electron. This other particle is calle 
positron. Thus, at the common point of the track, the hig] 
energy event that took place is conversion of a y-ray photo! 
into electron-positron pair. 


similar event as described in conceptual 
SAQ 2.02 photographed in a liquid hydrogen bubble 
mber shows spiral tracks instead of circular tracks. 
lain, why ? (Text Question) 
Ans. A charged particle produces much more ionization 
liquid than ina gas. Therefore, in liquid hydrogen bubble 
mber, the charged particles produce ionization and 
sressively lose energy due to collisions encountered with 
environment. Since, the radius of circular path followed 
charged particle inside magnetic field is proportional to 
peed, the radius of circular path also goes on decreasing 
sressively. Hence, the charged particle follows spiral path. 
: Q. 2.04. A soft spiral spring hangs freely with its 
upper end fixed to a rigid support. The lower end of 
spring is immersed in a cup of mercury. The spring 
the cup are connected to a d.c. source as shown in 
2.34. What will happen to the spring after the switch 
closed ? 


S) 


Fig. 2.34 

Ans. When the switch S is closed, the current flows 
ugh each coil of the spring in the same direction. As such, 
coils of the spring will attract each other and the spring 
| be compressed. On being compressed, the lower end of 
spring will get out of the mercury cup and the current will 
interrupted. As it happens so, the coils of the spring will 
se to attract each other and the spring will then straighten 
1f out. As soon as the lower end of the spring enters the 
rcury cup, the current will begin to flow through the spring 
i the entire process will be repeated. 
" Q. 2.05. A beam of electrons is moving with a velocity 

of 3 x 10° ms“ and carries a current of 1 »A. 

(a) How many electrons per second pass a given 
int ? 

(b) How many electrons are in 1 m of the beam ? 

(c) What is the total force on all the electrons in 1 m of 
beam, if it passes through a field of 0-1 N A~! m™!? 

(d) What is the force on a single electron, if the 
ctrons experience the same force ? 

Ans. Here, v=3x10° ms’ ;I=1A=10°A 

(a) The number of electrons passing a given point per 
‘ond, 


1 6 
od eee eG ion 10 
61569610 
(b) Since electrons traverse a distance of 3 x 10° min 1s, 
number of electrons in 1 m of the beam 
-25 x 10/2 P 
Shab calbaeeieey ET m7? 
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(c) Force on 1 m beam of electrons, 

F=BI/=0-1x10%x1=107N 
(d) Since 1 m contains 2-08 x 10° eleetrons, 
force on one electron, 


~7 

pone ee ae N 

2:08x10° 2-08x10 

oe Q. 2.06. A straight conductor carrying current I, is 
passed along the axis of a circular conductor carrying 

current I, [Fig. 2.35]. With what force are the currents 

interacting ? i 


Fig. 2.35 

Ans. The lines of force of the magnetic field B, produced 
by the current I, flowing through the circular conductor will 
be along the length of the straight conductor carrying current 
I,. As the angle between magnetic field B, and the current I, 
is 0°, the straight conductor will not experience any force due 
to the current through circular conductor. 

The lines of force of the magnetic field B, produced by 
the current I, flowing through the straight conductor are 
circular. The angle between the magnetic field B, and all the 
elements of circular conductor with current I, is 0°. Therefore, 
the current carrying circular conductor will also not 
experience any force due to the magnetic field produced by 
the straight conductor. 

Thus, currents I, and I, are interacting with no force. 
‘me Q. 2.07. A rubber band is covered with a conducting 

coating and current is passed through it in the 
direction as shown in Fig. 2.36. 
(a) What happens, when it is placed in the magnetic 


~ 
field B shown in the figure ? 

(b) What happens, if the current is reversed in the 
rubber band ? 


Ans. (a) From Fleming’s left hand rule, it follows that the 
force on each portion of the rubber band acts in the plane of 
the rubber band but is directed outwards. If we consider that 
the rubber band is made of a large number of small straight 
portions and since the current is the same in every portion 
of the rubber band, the force on each small portion is equal 
in magnitude and directed outwards. By symmetry, outward 
forces move the rubber band until it assumes a circular shape. 
The stable shape of the rubber band occurs, when the 
magnetic force on each small portion is balanced by the elastic 
forces at each end of that portion. 

(b) When the direction of the current is reversed, the 
force on each small portion is now inward instead of outward. 
The rubber band collapses inward toward the centre and then 
continues outward away from the centre, until it again 
acquires a circular shape, each portion of which has come 

from a position diametrically opposite. 
Q. 2.08. A loop of irregular shape carrying current is 
located in an external magnetic field. If the wire is 
flexible, why does it change to a circular shape ? 
(P.S.S.C.E. 1996 ; Text Question) 

Ans. It will assume circular shape with its plane normal 
to the field in order to maximise the magnetic flux through 
it. The reason is that for a given perimeter, of all the 
geometrical shapes, a circle has maximum area. 

For details, refer to conceptual SAQ. 2.07. 


_ 
Q. 2.09. The magnetic field B inside a long solenoid is 


uniform and parallel to the axis of the solenoid and is 
equal to 10-7 N A m“!. A wire ABCD carrying a current of 1 
A and supported on a light rectangular ebonite strip is 
placed inside the solenoid and parallel to its axis [Fig. 2.37]. 

(a) What is the force on portion AB (or CD) of the wire, 
if its length is 0-1m ? 

(b) What is the force on portion BC of the wire, if its 
length is 0-02 m ? 

(c) How much mass M should be attached to the left 
end of the ebonite strip to keep it form tilting ? Assume that 
strip forms an equal-arm balance. 


Fig. 2.37 
’ Ans. (a) The current in the portion AB (or CD) is parallel 
to the magnetic field produced by the solenoid along its axis. 


Since there is no component of the magnetic field B 
perpendicular to the current in AB (or CD), the force on such 
a portion of the wire is zero. 

(b) The current in portion, CD is perpendicular to the 
direction of the magnetic field B . The magnitude of force on 
portion CD is given by 

F=BI1=107 x 1x0.02=2x104N 

(c) The strip will not tilt, if a mass M is attached to its 

left end. Therefore, in equilibrium, 


F=Mg or Mg=2x 10+ 


AA my 5 (va 

g 9-8 
Q. 2.10. The two parallel circular loops of wire show: 
in Fig. 2.38 each have a radius R = 20 cm and ar 
separated by a distance a = 0-5 cm. The bottom loop is hel 
fixed and the top loop hangs from one end of the arm of a 
equal-arm balance. Since a is much smaller than R, th 
magnetic field produced by one loop at the other i 
practically the same as if both were long straight wires. 

(a) If the current in each loop is 20 A, how big is th 
force of attraction of one loop for the other ? 

- (b) How much additional mass m must be added to th 
right-hand pan of the balance to keep the loops separate 
by 0-5 cm, when the currents are turned on ? 

Ans. Here, radius of each loop, R = 20 cm =0-2m; 
distance between the loops, a = 0-5 cm =5 x 103m 


or M= =2-04x 10 kg 


(a) Assuming the magnetic field produced by the lowe 
loop to be practically the same as due to a straight conducto 
magnetic field produced by lower loop at the top loop, 

_ My 21 _ 1077 x2 20 


pS ee eT iB Ie 
4n a 5x10° “ 


Again considering the top loop as a straight petted 
force on the top loop due to the lower loop, 

F = BI (circumference of the top loop) 
=BIx2aR=8x 104 x 20x 27x 0-2 
=2x107N 

(b) The mass m added to the right-pan of the balance 
given by 


F=mg 
2x10? 
dryer ent 0 me rr ery ey 
g 9-8 


Q. 2.11. Currents are passed through two free straigh 

conductors AB and CD arranged at right angles a 
shown in Fig. 2.39. How will the interaction of the magneti 
fields of the currents change the position of the conductor 
relative to each other ? 


Li 


te r 
2.40 shows the part of magnetic field produced 


Fig. 2.40 
‘conductor AB carrying current I,. Suppose that the 
rength of magnetic field due to the current carrying 
nductor AB at the ends C and D is B,. Force on the end C 
the conductor CD acts perpendicular to the plane of paper 
lane containing conductor CD and the magnetic field B,) 
d in outward direction, while an equal force acts on end 
perpendicular to the plane of paper and in inward 
rection. Under the action of these forces, the conductor CD 
ill turn and the two conductors will become parallel to each 
her. As they do so, currents in the two conductors flow in 
me direction and the two will get mutually attracted 
wards each other. 
Q. 2.12. An infinitely long current carying straight 
a conductor AB has near it a uniform straight conductor 
D of finite length and capable of moving freely. Initially, 
e whol > of the conductor CD lies on one side of AB and 
a plan. passing through AB [Fig. 2.41]. What will happen 
. the conductor CD, if current is passed through it in the 
irection from C to D? 


Fig. 2.41 
Ans. The strength of the magnetic field produced due 
) current carrying conductor AB is not uniform over the 
sngth of the conductor CD. The strength of the magnetic field 
t the end C will be greater than that at the end D. Therefore, 
ifferent elements of the current carrying conductor CD will 
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1. Show that the path of a charged particle moving inside the 


ty 
electric field E is parabolic in nature. 
(H.P.S.S.C.E. 1999 S) 


experience different amounts of force due to the magnetic 
field produced by the current carrying conductor AB. Larger 
forces will act on the elements adjoining the end C than on 
the identical elements adjoining the end D. The resultant F 
of the forces on all the elements of the conductor CD will lie 
to the left of its centre of gravity G [Fig. 2.42]. 
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Fig. 2.42 
As the resultant force F does not act at the centre of gravity 
of the conductor CD, it will move up and turning at the same 
time, till it also becomes parallel to the conductor AB. As the 
current through the two conductors flow in opposite 
directions, the conductor CD will get repelled away by the 
conductor AB. 

Q. 2.13. Two parallel wires carrying currents in same 
GP cisection attract each other, while two beams of 
electrons travelling in the same direction repel each other. 
Explain, why. - olbho-a- bap 999) 

Ans. We know that when current flows through two 
parallel wires in the same direction, the force F,, experienced 
by one wire is due to the magnetic field produced by the other 
wire and is attractive in nature. 

In case of two beams of electrons moving in the same 
direction, in addition to the force F,,, another forceF, 


F CF 
(repulsive in nature) also acts on them. Since — = 10 ah 


e 
electrons appear to experience a strong repulsive force only. 
Q. 2.14. A current carrying circular loop lies on a 
Gage smooth horizontal plane. Can a uniform magnetic 
field be set up in such a manner that the loop turns around 
itself (i.e. turns about the vertical axis)? (Text Question) 
Ans. The magnetic field cannot be set up to turn the loop 
around itself. We know that 


ee, ee oe 


. tT=MxB=IAxB, 
where A is vector representing area of the circular loop. 
For turning the loop around itself, P should be along 
vertical. Since area vector A acts perpendicular to the plane 
of loop i.e. along vertical, t cannot act along vertical. 


2. Show that the trajectory of an electron moving in a 
direction perpendicular to the electric ficld is parabolic. 
(H.P.S.S.C.E. 1997) 


10. 


11. 


12. 


13. 


14. 


15. 


. Astream of electrons travelling with speed v ms 


angles to a uniform magnetic field E, is deflected in a 
Lani 
m rE 

(C.B.S.E. 2002) 


circular path of radius r. Prove that 


ak 

Write an expression for the force F acting on a charge q 
acd 

moving with a velocity v in region, where magnetic 


a 
induction B is uniform. How does the speed change, as the 
charge moves ? Under what circumstances, the 


force F shall be zero ? (LS.C.E. 1996) 
Write the expression for the force on a charge gq moving 


> — 
with a velocity v in a magnetic field B . Discuss the cases, 


when the force is maximum and minimum. 
Discuss the circular motion of a charged particle under the 
action of a magnetic field. Hence, find expression for its 
time period. 
A charge q moving in a straight line is accelerated by a 
potential difference V. It enters a uniform magnetic field 
B perpendicular to its path. Deduce in terms of V an 
expression for the radius of the circular path in which it 
travels. (C.B.S.E. 2000) 
An electron beam of velocity v moving in the plane of 
Paper enters a region of uniform magnetic field, which is 
perpendicular to the plane of the paper and travels in a 
circular path. (a) Deduce an expression for the time period 
of the electron. (b) Does the kinetic energy of electron 
change during this time ? Give reason. (C.B.S.E. 1998 S) 
A particle with charge q moving with a velocity v in the 
plane of the paper enters a uniform magnetic field B, 
acting perpendicular to the plane of the paper. Deduce 
an expression for the time period of the charge, as it 
moves in a circular path in the field. Why does the 
kinetic energy of the charge not change, while moving in 
the magnetic field ? (C.B.S.E. 2001) 
Acharged particle of mass m, charge q, moving at uniform 
velocity v, enters a uniform magnetic field B acting normal 
to the plane of the paper. Deduce expression for the 
(i) radius of the circular path in which it travels, (ii) kinetic 
energy of the particle (assuming v << c). Why does the 
kinetic energy of the charge not change, when moving 
through the magnetic field ? (C.B.S.E. 2001) 
Discuss the motion of a charged particle moving in a 
direction making angle @ with the direction of the 
magnetic field. 
Explain the construction and theory of a cyclotron. 
(P.S.S.C.E. 2000) 
Find the frequency of electric field to be applied between 
dees of a cyclotron to accelerate charged particles by it. 
(H.S.S.C.E. 1994 ; C.B.S.E. 1994) 
Show that the frequency of a charge circulating at right 
angle to a uniform magnetic field does not depend upon 
the speed of the charge. 
Explain, by drawing a labelled diagram, how a positively 
charged particle is accelerated in a cyclotron. 
(C.B.S.E. 1994) 


Prove that two parallel conductors of infinite lenghts, 
carrying currents in the same direction, attract each other. 
Deduce the expression for the force per unit length 
exerperienced by each conductor. (P.S.S.C.E. 2002) 


atright 


17. 


18. 


19. 


20. 


21. 


23. 


24. 


25. 


26. 


27 


28. 
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carrying conductor placed ina magnetic field. 
(PSS: CE 1999 5S) 1996: i S-5.0.b 194 
Define the SI unit of magnetic field. Deduce an expressi 
for the force F on a conductor of length! carrying a curre 
I in a uniform magnetic field B. (C.B.S.E. 200 
Derive the relation for the force per unit length betwe: 
two infinitely long parallel straight wires carrying curren 
Hence, define one ampere. (H.S.S.C.E. 200 
Derive a mathematical expression for the force per u1 
length acting on each of the two straight parallel metal 
conductors carrying current in the same direction and ke 
near each other. Why do such current carrying conductc 
attract each other ? (C.B.S.E. 199 
Find the magnitude and direction of the force between tv 
parallel conducting wires carrying current and hen 
define ampere. (H.S.S.C.E. 1999 S ; PS.S.C.E. 1999, 19S 
Find the force between the two long parallel wires carryi 
current in the same direction. 
(H.S.5.C,E, 2000 ; H.PS.S.C.E 20g 
Two long thin straight parallel wires, each carrying 
current I in the same direction, are separated by a distan 
d. Indicate the direction of the force between them. Wr 
down the expression for the magnitude of force per uw 
length of the wire and hence define an ampere. 
(C.B.S.E. 1999 
Derive a formula for the force between two paral 
straight conductors carrying current in opposi 
directions and write the nature of the force. Hence, defi 
an ampere. (CB.S,5.199 
Derive an expression for the torque acting on a curre 
carrying loop suspended in a uniform magnetic field. 
(PS.S.C.E: 200 
Obtain an expression for torque acting on a rectangul 
current loop, when placed inclined at an angle @ with t 
direction of magnetic field B. (A.S.S.C.E, 199 
Derive an expression for the torque on a rectangular c 
of area A, carrying a current I and placed in a unifor 
magnetic field B. The angle between the direction of B a1 
vector perpendicular to the plane of the coil is 0. 
(H.S.S.C.E. 2002 ; C.B.S.E. 19$ 
State the principle of amoving coil galvanometer. Show th 
the current passing through the coilis directly proportior 


to the deflection of the coil. (H.S.S.C.E,200 
What is a galvanometer ? How can it be converted into j 
ammeter ? (H.P.S.S.C.E. 200 


Whatis a galvanometer ? With the help of a schematic di 
gram, explain how it can be converted into an ammete 
(H.P.S.S.C.E. 200 
Explain, how a galvanometer can be converted into an a1 
meter of a given range. 
(SSC E2001 PSSC E99 ¢ 1998 

Which one has more resistance: ammeter or galvanomet 
and why ? Also explain, why ammeter is connected 
series in the circuit. (PS.S.CE. 1999. 
Explain, how you will convert a galvanometer into 
voltmeter of a given range ? 

(PS.S.C.EN 1999'S } CBSE 199 


Carrying 5 Marks 
State the principle, construction, theory and limitations 
a cyclotron. (P.S.S.C.E. 2002 ; C.B.S.E. 200 
Discuss the principle, construction, theory and working 


a cyclotron. Why is a cyclotron not suitable for acceleratit 
electrons 7 ? -(PS.S.C.E..1999'5,1998 S$; 1998, 1997, 1996 


~ Discuss th 


a cyclotron. y 
Explain with the help of a iabelled diagram, the underlying 
principle, construction and working of a cyclotron. 
(C.B.S.E. 2001, 1997) 
Derive an expression for the force acting on a current 
carrying conductor placed ina uniform magnetic field and 
using this result derive the expression for torque acting on 
a current carrying loop suspended in a uniform magnetic 
field. (P.S.S.C.E. 2002) 
(a) Derive an expression for the force experienced by a 
current carrying straight conductor placed in a magnetic 
field. 
(b) Under what conditions, is this force (i) zero and (11) maxi- 
mum? State the rule used to determine the direction of this 
(C.B.S.E. 1998) 


force. 


pe A. On motion of Charged particle inside Electric 


1. 


field 3 
An electron beam is deflected by 1-76 mm in travelling a 
distance of 10 cm through an electric field of 1800 V m=! 
acting perpendicular to its path. Find the electron charge 
to mass ratio, if average velocity of the electrons is 
3x 10’ms!- [Ans. 1-76 x 10!! C kg"!] 


ype B. On force onacharge moving in magnetic field 


2. Aproton enters a magnetic field of flux density 2:5 tesla 


with a velocity of 1-5 x 107 ms“! at an angle of 30° with 
the field. Find the force on the proton. Charge of the 
proton = 1-602 x 10-19 coulomb. 
(Pre-degree Kerala, 1994) [Ans. 3-0 x 107'? N] 

Anelectron enters a magnetic field of flux density 3 T with 
a velocity of 10° ms“! at an angle of 30° with the field. 

Calculate the magnitude of force on the electron. Charge 
on electron = 1-6 x 10°17 C. [Ans. 2:4 x 10-3 N] 

A proton of velocity 10° cm s“! is moving perpendicular 
to a uniform magnetic field of 10 kilogauss. What is the. 
sideway force acting on the proton of charge e = 48 x 107! 
e.s.u. ? [Ans. 1-6 x 10-!3 N] 

An electron is moving at 10° ms“! in a direction parallel 
to a current of 5 A, flowing through an infinitely long 
straight wire, separated by a perpendicular distance of 
10 cm in air. Calculate the magnitude of the force experi- 
enced by the electron. (C.B.S.E. 1999) 

{Ans. 1-6 x 10-18 N] 

A 5 MeV proton moves vertically downward through a 

magnetic field of 1-5 weber m“? pointing horizontally 
from south to north. Calculate the direction of force acting 
on the proton. Mass of proton = 1-7 x 10°?” kg and charge 
=1-6x10719C. {[Ans. 7:37 x 10-!2 N, from west to east] 


ype C. On motion of charge inside Magnetic field 


7. Electrons move at right angles to a magnetic field of 100 


gauss and enter it with a velocity of 2 x 10! cm s"!. Find 
the radius of their circular path. Given, e/m = 1-7 x 107 
em.u. gl. [Ans. 11-765 cm] 


8. Find the flux density of the magnetic field to cause 


62-5 eV electron to move ina circular path of radius 5 cm. 
Given, m = 9-1 x 103! kg ,e=1-6x 10-19 C. 
[Ans. 5:335 x 104 T] 
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fa labelled diag he underlying 
principle, construction and working of a moving coil gal- 
vanometer. (@B:5:E. 1997) 
Describe the principle, construction, theory and two merits 
of a moving coil galvanometer. (P.S.S.C.E. 2002) 
Discuss the principle, construction and working of a 
moving coil galvanometer. 
(PS.S.C/E) 2001; 1999/1998 'S\; 1997 S; 
Pre-degree Kerela, 1992) 
Give the principle, construction and working of a moving 
coil galvanometer. How can its sensitivity be increased ? 
Discuss the principle, construction and theory of a dead- 
beat galvanometer. State its drawback. 
(P.S.S.C.E. 2002, 2000) 
Explain how a galvanometer can be converted into 
(i) ammeter (i) voltmeter of the required range. 
(P.S.S.C.E. 2002) 
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An electron after being accelerated through a potential 
difference of 100 V enters a uniform magnetic field of 
0-004 T perpendicular to its direction of motion. Calculate 
the radius of the path described by the electron. Given, m 
=9-1 x 103! kg and e= 1-6 x 10°17 C. (C.B.S.E. 1992) 

[Ans. 8-42 mm] 


Type D. On Cyclotron 


10. 


A cyclotron has an oscillator frequency of 12 megahertz 
and dees of radius 0-5 metre. Calculate the magnetic 
induction B needed to accelerate deutrons of mass 
3:34 x 10-27 kg and a charge 1-6 x 107!° coulomb. Also, 
calculate the energy acquired by deutrons. 
[Ans. 1-5744 T, 14-843 MeV] 
Ina cyclotron, magnetic induction of 1:55 Wb mis used. 
(i) What must be the high voltage oscillating frequency of 
the cyclotron to accelerate deutrons of mass 3-34 10°77 
kg and charge numerically equal to that of an electron ? 
(ii) If the radius of the dee is 0-50 m, what is the maximum 
attainable energy of the deutrons in MeV ? 
[Ans. (i) 11-82 MHz ; (ii) 14-39 MeV] 
In a cyclotron to accelerate proton, the magnetic field is 
15000 gauss and radius of the dees is 15 cm. Calculate the 
energy of the proton beam and the frequency of the 
oscillator. Take e/m for proton to be 9580-84 e.m.u. gland 


mass of proton = 1-67 x 10-4 g. 


[Ans. 2-425 MeV, 22:87 MHz] 


Type E. On Force ona current carrying conductor 


13. 


A straight conductor carries a current of 15 A and is 
2 m long. Find the force on it, when it is (a) inclined at 
an angle at 30°, (b) perpendicular and (c) parallel to a 
uniform field of 2 x 10? T. 
[Ans. (a) 0:03 N (b) 0:06 N (c) zero] 
What is the force on a wire of length 4-0 cm placed inside 
a solenoid near its centre, making an angle of 60° with its 
axis ? The wire carries a current of 12 A and the magnetic 
field due to the solenoid has a magnitude of 0-25 T. 
[Ans. 0-104 N] 


Type F. On Force between two Iong straight current 


ie 


carrying conductors 
Acurrent of 10 A flows through each of two parallel long 
wires. The wires are 5 cm apart. Calculate the force acting 
per unit length of each wire. Use the standard value of 
constant required. (PS.S.C.E. 1998) 
[Ans. 4 x 104 N m1] 


17. 


18. 


19. 


long straight wires 2 cm apart in air, each carrying a current 
of 4ampere. (H.S.S.C.E. 1995) [Ans. 1-6 x 104 N m!] 
A current of 5-0 A flows through each of two parallel long 
wires. The wires are 2-5 cm apart. Calculate the force acting 
per unit length of each wire. Use standard value of constant 
required. What will be the direction of force, if both 
currents flow in the same direction? (PS.S.C.E. 1999) 

[Ans. 2 x 10 N m‘|, repulsive] 
Two long straight conductors are placed parallel at a 
distance of 2 cm from each other. When one of them carries 
a current of 60A, the force on 1 m length of the other is 1200 
dyne. Calculate current in the other. [Ans. 20 A] 
Two straight wires A and B of lengths 10 m and 12 m 
carrying currents of 4-0 A and 6-0 A respectively in 
opposite directions lie parallei to each other at a distance 
of 4-0 cm. Estimate the force on a 10 cm section of the wire 
B near its centre.  (H.S.S.C.E. 2001) [Ans. 1-2 x 10° N] 


Type G. OnTorque on a current loop 


20. 


21. 


22. 


23. 


What torque acts on a 40 turn coil of 100 cm? area carrying 
a current of 10 ampere held with its axis at right angle to 
magnetic field of flux density 0-2 tesla and plane of the coil 
parallel to the field ? [Ans. 0-8 N m] 
Calculate the torque on a 50 turn circular coil of radius 
10 cm, when placed with its plane at 60° with a magnetic 
field of 3-1 x 10~ T. The current through the coil is 2 A. 
[Ans. 4-87 x 10° N m] 
A circular coil of 25 turns and radius 6-0 cm, carrying 
current of 10 A, is suspended vertically in a uniform 
magnetic field of magnitude 1-2 T. The field lines run 
horizontally in the plane of the coil. Calculate the force 
and torque on the coil due to the magnetic field. In which 
direction, should a balancing torque be applied to prevent 
the coil from turning ? 
[Ans. Zero, 3-393 N m (vertically upwards), 
3-393 N m (vertically downwards)] 
A rectangular coil of sides 8 cm and 6 cm having 2000 
turns and carrying a current of 200 mA is placed ina 
uniform magnetic field of 0:2 T directed along positive X- 
axis. (2) What is the maximum torque that the coil can 
experience ? Also, tell the orientation of the coil (b) For 
which orientation of the coil is the torque zero ? 


[Ans. (a) 0:384 N m (whenever X-axis lies in plane of the coil) ; 


(b) whenever the coil lies in YZ plane] 


Type H. On Moving coil galvanometer 


24. 


25: 


26. 


A moving coil meter has the following particulars. 
Number of turns, n = 24 ; area of coil ; A = 2:0 x 103 m2; 
magnetic field strength, B = 0-20 T and resistance of the coil, 
R=14Q. 
(a) Indicate a simple way to increase in current sensitivity 
of the meter by 25%. (It is not easy to change A or B). 
(b) If in doing so, the resistance of the coil increases to 
21 Q, is the voltage sensitivity of the modified meter 
greater or less than the original meter ? 

[Ans. (a) increase n from 24 to 30 ; (b) lesser ] 
To increase the current sensitivity of a moving coil galvano- 
meter by 50%, its resistance is increased so that its new 
resistance becomes twice its initial resistance. By what 
factor does its v.ltage sensitivity change ?(C.B.S.E. 2001) 

[Ans. 25% (decrease)] 

In an exercise to in: ‘rease current sensitivity by 25%, its 
resistance is also increased by 50%. How will the voltage 
sensitivity of the galvanometer be affected ? 

(P.S.S.C.E. 1999 S) [Ans. 16-67% (decreases)] 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


ry ‘Co TSio 


and voltmeter 
A resistance of 900 @ is connected in series with 
galvanometer of resistance 100 Q. A potential difference 
1 V produces a deflection of 100 divisions in th 
galvanometer. Find the figure of merit of galvanomete1 
[Ans. 10 A division” 
How will you convert a 1-0 mA full scale deflection met 
of resistance 100 Q into an ammeter to read upto 1-0 A 
(P.S.S.C.E. 1997) [Ans. 0-1 © in paralle 
Resistance of a galvanometer is 25 ©. It can carry a curret 
of 0-5 mA. How can it be used to measure a current up | 
one ampere ? (Pre-degree Kerala, 199: 
[Ans. 1-25 x 10-* Q (in parallel 
It is intended to measure a maximum current of 25 A wil 
an ammeter of range 2:5 A and resistance of 0-9 Q. Ho’ 
can it be done ? [Ans. 0-1 Q (in parallel 
A galvanometer has a resistance of 10 ohm. It give 
maximum deflection for a current of 50 mA. Find the shu 
resistance required to convert itinto ammeter of ran¢ 
2:5 A. What is the resistance of ammeter so constructed 
[Ans. 0-204 Q (in parallel), 0-2 ¢ 
In a galvanometer, there is a deflection of 10 divisions ps 
mA. The internal resistance of the galvanometer is 60 § 
If a shunt of 2:5 Q is connected to the galvanometer an 
there are 50 divisions in all on the scale of the galvanomete 
calculate the maximum current which the galvanomet 
can read. (C.B.S.E. 2001 S) [Ans. 0-125 / 
The coil of a galvanometer has a resistance 100 Q. It give 
full scale deflection for a current of 5 x 10 A. How wi 
you convert it into a voltmeter of 5 V range ? 
(H.S.S.C.E. 1999 S) [Ans. 9900 
How will you convert a 1 mA full scale deflection met 
of resistance 100 © into an ammeter to read 1 A (full sca 
deflection) and into a voltmeter to read 1 volt (full sca 
deflection). (C.B.S.E. Sample Q. Pape 
[Anrs. 0-1 Q (in parallel) ; 900 © (in series 
A galvanometer with a coil of resistance 12:0 Q shows fu 
scale deflection for a current of 2-5 mA. How will yo 
convert the meter into (2) an ammeter of range 0 to 7-5. 
and (b) a voltmeter of range 0 to 10-0 V ? Determine tk 
net resistance of the meter in each case. (Text Problen 
[Ans. (a) 4 x 10-3 Q ; 4 x 103 Q,(b) 3988 Q ; 4000 § 
A voltmeter reads up to 3 V. Its resistance is 200 ohn 
It is to be used to measure a potential difference, whic 
may be as large as 60 V. What measures you would tal 
to protect the voltmeter ? 
[Ans. connect a series resistance of 3800 ¢ 


Type J. On Ammeter and Voltmeter 


37. 


38. 


39. 


A battery of e.m.f. 3 volt and internal resistance r 
connected in series with a resistor of 55 Q through a 
ammeter of resistance 1 Q. The ammeter reads 50 mA 
Calculate the value of r. (Pre-degree Kerala, 199: 

[Ans. 4 ¢ 
A cell of e.m.f. 2 volt and internal resistance 0-1 oh 
supplies a current through a coil of resistance 11-9 ohn 
The current is being measured by an ammeter, whos 
resistance is 6 ohm. What reading does it give ? Whi 
is the percentage difference from the actual current, whe 
the meter is not used ? [Ans. 1/9 A, 33-3% 
Two resistance coils of 100 Q and 200 Q respectively a1 
connected in series across 100 V. Amoving coil voltmet 
of 200 Q is connected in turn across each coil. What will 
read in each case ? (Karnataka, 1986) [Ans. 25 V, 50.‘ 


40. A ry of e.m.f. 12 V supplies a current through a coil 
of resistance 48 ohm. The internal resistance of the battery 
is 1-2 ohm. A voltmeter of resistance 72 ohm is used to 
measure the potential difference across the coil. What 
value would it show ? [Ans. 11-52 V] 

41. Acurrent is being measured in a circuit, consisting of a 
battery of 12 V and a resistor of resistance 22 ohm. The 
potential difference measured across the resistor by an 
accurate voltmeter is 11 V. If the current is to be measured 
with an ammeter with an error not greater than 10%, 
what is the maximum permissible resistance of the 
ammeter ? : [Ans. 2:67 Q] 


MISCELLANEOUS PROBLEMS 


42. A uniform magnetic field of 3000 G is established along 
the positive Z-direction. A rectangular loop of sides 10 cm 
and 5 cm carries a current of 12 A. What is the torque on 
the loop in the four cases shown in the Fig. 2.43 ? 
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Fig. 2.43 (a) Fig. 2.43 (b) 
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I 
I 
g Y e) Y 
x X 
Fig. 2.43 (c) Fig. 2.43 (d) 


[Ans. (a) 1-8 x 10-* N m (along Y’-axis), (b) same as in (a), 

(c) 1-8 x 10-2 N m (along X’-axis), (d) zero] 

43. A galvanometer coil is 2 cm square and contains 100 turns. 
Its period is 20 s and its moment of inertia is 2 g cm?. The 
field of the magnet is 0-2 T. Determine the current 
sensitivity of the galvanometer. [Ans. 23-2° #A7!] 


44. 


Agalvanometer has a sensitivity of 60 divisions A_'. When 
a shunt is used, its sensitivity becomes 10 divisions A‘. 
What is the value of shunt used, if the resistance of 
galvanometer is 20 Q. [Ans. 4 Q] 
A galvanometer has a resistance of 8 Q and gives full scale 
deflection, when a current of 10 mA is passed through it. 
The only shunt resistance available is 0-02 2, which is not 
appropriate to convert the galvanometer into an ammeter 
of range 5 A. To achieve this, a resistance R is connected 
in series with the coil of the galvanometer as shown in Fig. 
2.44. Find the value of R. [Ans. 1-98 Q] 


S 


©) 


Fig. 2.44. 

A voltmeter reads 5-0 V at full scale deflection and is 
graded according to the resistance per volt at full scale 
deflection as 10,000 Q V-|. How will you convert it into a 
voltmeter that reads 25 V at full scale deflection ? 

(C.B.S.E. 2001 S) [Ans. 200 kQ (in series)] 
It is required to convert a galvanometer of current range 
15 mA and voltage range 750 mV into (a) an ammeter of 
range 25 A and (b) a voltmeter of range 150 V. Calculate 
the value of necessary resistance in each case. 

(Text Problem) [Ans. (a) 0-03 Q, (b) 9950 ©] 
The scale of a galvanometer is divided into 150 equal 
divisions. The galvanometer has the current sensitivity of 
10 divisions mA“! and the voltage sensitivity of 2 divisions 
mV~!. How the galvanometer be designed to read (a) 6 A 
division! and (b) 1 V division. (Roorkee 1999) 
[Ans. (a) 8-33 x 10- Q (in parallel), (b) 9995 Q (in series)] 
In the circuit shown in Fig. 2.45, the voltmeter reads 117 
V and the ammeter reads 0-13 A. The resistance of 
voltmeter and ammeter are 9000 @ and 0-015 Q 
respectively. Find the value of R. [Ans. 1000 2] 


(A) 


Fig. 2.45 


~ SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FOR PRACTICE 


1. Time taken by electron to traverse the electric field, 


10x 10-7 - 
pai! 83 10 “3 
ax 10 
Acceleration of electron along the electric field, 


pe ion cae 
m m 
Now, S=ut+saP 
Here, S = 1:76 mm = 1-76 x 10-3 m and u =0, 
. 1°76X 1073 =0x 3-33x 10° 
+12 £ x 1800 x (3-33x 10-9)? 
2m 


or = =1-76 x 10 Ckg 
m 
2. F=quBsin0 = 1-602 x 10-9 x 15 x 107 x 2:5 x sin 30° 


=3-0x102N 


3 
4. 


Proceed as in problem no. 2. 


F=Bqvsin0 
3 
Here, B = 10 kilogauss = 10 x 10° c= = UT: 
v =108 cms! =10°m sl, 
q=4-8 x 10-1 e.s.u. of change 
—10 
“8x = 
= oe Ee 16x 10 eC 
3x 10 


F=1x 1-6 x 10-19 x 10° sin 90° = 1-6 x 10° N 
Aliter. B = 10 kilograms = 104 G, 
_ 4:8x 107° 
ae aSo81oi? 
Now, F=Bqvsin0 = 104 x 1-6 x 10-9 x 108 x sin 90° 
= 146 x 10-8 dyne = 1-6 x 10° N 


=1-6X 10°” e.m.u. of charge 


10. 


12. 


wy HO vb hs 10- EtEx gs 


BOS Brahe 
4n a 10 x 10 
Now, F=Bqvsin0@=10° x 1-6 x 10-!? x 10° sin 90° 
=1-6 x 10718 N 


Here, = mv? =5 MeV =5x 1-6x10°% =8x10 8 J 


a [2x8x10-® Aitecio 
m 1-7x10-~77 


=3-:07 x10’ ms! 
F=Bquvsin0@ 
= 1-5 x 16 x 10-9 x 3.07 x 10” x sin 90° 
= 7:37 x 102N 
To find direction of force : Force on the proton acts in the 
2 }€8 


Now, 


direction of vector 7(v X B) i.e. from west to east as 
depicted in Fig. 2.46 


B. 
+ 
F =4(vxB) 
Ss v 
Fig. 2.46 
2 
Now, iY) ey or Ft he 
r Be 
r id 2x10" 11-765 cm 
or Pir Eee ee ae 
B(e/m) 100xX1-7x10" 


Here, mv = 62-5eV =62°5x1-6x 10-19 =10° | J 


2x107!7 2x 107!” 
or Uhl sare She tee 
m 9-1x 10 


= 4.69 x 10°ms! 
2 mv 


mv 
——=Bey or B=—— 
r 


Now, 
er 


tei -1x 1073! x 4-69x 10° 
1:-6x 10°19 x5x 10-2 


v? =100eV 


= 5-335 x 104T 


Here, energy of electron, = m 


Now, proceed as in problem no. 8. 
Proceed as in solved problem no. 2.09. 


Be  1-55xX1-6x107!9 © 
(i) i 1) eal an rea vk 
2mm 27X3-34x10 

= 11-82 x 10° Hz = 11-82 MHz 
(ii) Proceed as in solved problem no. 2.09. 
RS B? e? R?2 a iy (e/m)? R? m 

hie 2m 2 

_ (15000)? x (9580 - 84) x (15)? x 1-67 x 10-74 


= 3-88 x 10-6 ae eso J 
_ 3-88x 10-8 

 166%107 2 
Be _ B(e/m) _ 15000 x 9580-84 
2am 22a 22 

= 22-87 x 10© Hz = 22-87 MHz 


= 2-425 MeV 


Also, v= 


19. 


20. 


21. 


22s 
23: 


24. 


(a) F=2x 102x 15x 2x sin 30° = 0-03N 


(b) F=2x10*%x15x2x sin 90° = 0-06 N 
(c) F=2x10%x15x2xsin(?=0 
Proceed as in problem no. 13. : 
Proceed as in solved problem no. 2.11. 
Proceed as in solved problem no. 2.11. 
Proceed as in solved problem no. 2.11. 
Here, F = 1200 dyne = 1200 x 10° N, 

I, =60A,r=2cm=0-:02m 


Now, ae. el) 

J 4n or 
or 1200 10721077 x 22 OX 
0-02 


The lengths of two conductors is quite large as compared 
to the separation between them. Therefore, the two 
conductors may be considered as infinitely long and hence 
force on unit length of wire B due to A, 


a O's 72K 4x6 _ . a4 


Therefore, force on 10 cm (or 0-1 m) section of wire B, 
F’=Fx0-1=1-2 x 104x0-1=1-2 x 105N 


Here, a = 0° 

Now, t="BI Acosa = 40 x 0-2 x 10 x 100 x 10 cos 0° 
=0-8Nm 

Here, A= 2 r2 =a x (10)? cm? = a x 107 m2 and a = 60° 


Now, proceed as in problem no. 20. 
Proceed as in problem no. 21. 
Here A = 8 x 6 = 48 cm? = 48 x 10+ m2, 
I = 200 mA = 200 x 103A 
(a) Now,t=n BI Acosa, 
where a is angle between plane of the coil and direction 
of magnetic field. Therefore, coil will experience maximum 
torque, when a = 0°. 
Hence, Tygy = 2000 x 0-2 x 200 x 10 x 48 x 10+ x cos 0° 
= 0-384 N m 
The angle a will be zero, whenever magnetic field is 
parallel to the plane of the coil i.e. X-axis is in the plane of 
coil. 
(b) The torque on coil will be zero, when @ = 90° i.e. 
magnetic field is perpendicular to the plane of the coil. In 
other words, when coil lies in YZ-plane, torque on the coil 
is Zero. 
nAB 
k 
Since it is not easy to change A or B, current sensitivity may 
be increased by changing 1 (number of turns in the coil). 
Suppose that number of turns in the coil are changed from 
n to n’ so as to increase current sensitivity by 25%. 
Then, modified current sensitivity, 


(a) Current sensitivity, 7 Le 


anes 
I k 
N; a.15 ¢@ nm’ AB _ 125 nAB 
Se ee Fie 0 ak 
25 125 x 24 
or n= Xn= = 30 
100 100 
(b) Initial volt iti fo BBD 
tial voltage sensitivity, —> i Ron 
_ 24x 2-0x1079x 0-20 _ 6-857 10-4 
a kx14 iy k 


25. 
26. 
248 


28. 
29. 
30. 
31. 


32. 


37. 


38. 


ER’ ak R’ 
_ 30x 2-0x10-°x0-20 5-714 10 * 
kx 21 ie k 


i.e. voltage sensitivity becomes lesser. 
Proceed as in solved problem no. 2. 20. | 
Proceed as in solved problem no. 2.20.” 

Here, G = 100 2, R= 900 2, V=1V 
Therefore, current through the galvanometer, 


V 
I tee A 
8” R+G 9004100 
Now, figure of merit 
= current that produces a deflection of 1 division 


ned 3 10° A division 
=——_ = vision 
_ 100 
Proceed as in solved problem no. 2.21. 
Proceed as in solved problem no. 2.21. 
Proceed as in solved problem no. 2.21. 
Proceeding as in solved problem no. 2.21, it can be 
obtained that 
S = 0-204 Q (in parallel) 

Therefore, resistance of ammeter so constructed, 


GS _ 10x0-204 
Ra =a = = 0.29 
G+S 10+0-204 


Here, I, = 7. *50=5mA =5x 10 A 
G=60 QandS=25Q 


I, (ai 
joe opr ee or nies “le 
x 1073 x 
ee p= AA 45x 107 = 125x109 A 
= 0-125 A 


Proceed as in solved problem no. 2.24 (b). 
Proceed in as solved problem no. 2.24. 
Proceed in as solved problem no. 2.24. 
Here, Ry = 200 Q 


Current for full scale deflection, I 2 = =1:5x107A 


To increase the range of voltmeter from 3 V to 30 V, the 
resistance to be connected in series to the voltmeter is given 
by 
pip ue a CALE 
I, 1-5x10 
Here E=3 V;R=55 Qand Ry =1 Q 
E 


Rijee Tee 
PAD Rope Re Oke e 


or p= ——> _. 56 = 60-56 =40 
50x 10 

Here, E = 2 V,r = 0-1 Q, R= 11-9 Q, Ry = 6 Q 

Therefore, reading of the ammeter, 


E ny + 2 1 


— 200 = 3800 Q 


3 


50% 10) a4 —_ 
554+r+1 


A 


“R+r+R,q 11:94+0-14+6 9 
Actual current in the circuit (in the absence of ammeter), 
, E 2 1 
“Rtr 11-9401 6 


I Lyfo— 1/9 


T- 
% difference =——,— x 100 = 1/6 X 100 = 33-3% 


40. 


41. 


When voltmeter is connected across R, : 
Let R, be resistance of parallel combination of R, and R,. 
Then, 


_R,XRy _ 100x200 _ 200 
ae es ee epee 
Therefore, current in circuit, 
t An) 100 br 
R2 +R, ~ 200 +200/3 8 
Hence, reading a voltmeter 
3 200 
Pua as 25 V 
When voltmeter is connected across R, : 
aig. Ry xXRy _ _ 200 200 _ jogo 
P Ro+Ry 2004200 
i = ft: = Man 100, 3 = 0 . 5 A 
R, +R,’ 100+100 


Hence, reading of voltmeter =I’ x R,,’ = 0-5 x 200 = 50 V 
Here, E=12 V;r=1:22;R=48Q and Ry =72Q 
Let R, be resistance of series combination of R and Ry. 
Then, 
x 
RX Ry _ 48X72 _16.20 
Pw R+Ry 48+72 
Therefore, current in the circuit, 
i E aM ‘eee a =0-4A 
Rytr 28-8+1-2 
Hence, reading of the voltmeter 
=IxR,=04 x 28-8 = 11-52 V 
Here E=12V;R=222 
Let r be the internal resistance of the battery. Then, 


current in the circuit, [= 


R+r 
12 : 
or wos ..-() 
Since potential difference across R is 11 V) 
V iil 


[=—=—=0:5A 
ReaD 
Substituting for I in equation (i), we have 
0-5= or pea {9} 


Let Ry be resistance of the ammeter. When ammeter is 
connected in circuit, current in the circuit will decrease due 
to resistance of the ammeter. Let I’ be the current measured 
by the ammeter. Then, 


¥ E ni 12 
R+r+R,y 22+2+R, 
’ 12 
or = 
24+Ra 
90 12 90 
Now, I'=Ix—— ———-=0-5x ——=0-45 
ow, JT=I 100 or 7A +R, 100 


or Ry = aioe — 24 = 26-67 — 24 = 267 2 


Here, B = 3000 G = 3000 x 104 = 0-3 T, 
A=10x5=50 cm? =50 x 104 m2, I=12A, 
- LA=50 x 10 x 12 = 0-06 A m2 


(c) 


(d) 


43. 


44. 


45. 


(a) Here, 1 A = 0:061 Am* and B =0-03 kT 


Ss = > A A a 
Now, tr = (1A) x B=0:067x.0-03 k=-18x10?jNm 


i.e. torque equal to 1-8 x 10°? N m acts along the negative _ 


Y-axis. 
= A 7 A 
(b) Here, I A= 0-06 i Am? and] B=0-03kT 


~ > 
Since] A and B are same as in case (a), torque in this case 
also is equal to 1-8 x 10-7 N mand acts along the negative 
Y-axis. 


— A 2 > A 
Here, I A=-—0-06 j Am’ and B=0-03 kT 


> a > A A A 
Now, t = (IA) x B=—0-0 6 jx 0-03 k =-18x10 i Nm 
i.e. torque equal to 1-8 x 10-2 N m acts along the negative 
X-axis. 

acd A 2 > n 
Here, [A= 0-06k Am* and B=0:03 kT 

=> = > A A 
Now, t = (I A)X B=0:06 kx 0-03 k=0 
Here, A= 2 x 2=4 cm? = 4 x 104 m*; n = 100; 

T=20s,B=0:2T 
and moment of inertia of the coil, I = 2 g cm? 

=2 x (10% kg) x (10-2 m)? = 2 « 107%kg'm? 
When a coil of moment of inertia I is suspended from a 
wire having restoring torque per unit twist k, its period of 
oscillation is given by 


‘3 
T=22,|— 
"lr 


An? _ 40?xX2x 1077 


or k= = 1-974 x 10-8 N m rad-1 


nAB_ 100xX4x107*x0-2 
k 1-974x 107° 
= 4.053 x 10° rad A7} 


ie = 
= 4-053 x 10° x fe] x (10° uA) 
It 


= 23-2° uA! 
Here, G = 20 Q 
Let n be total number of divisions on the galvanometer 
scale. 


Now, current sensitivity = 


Then, I ath EN and 
&§ 60 


IpG __(n/60)x 20 py 205 iis 

PTGS 7/10 OO P96 St 

Here, G = 8 Q, et 10 mA = 0-01 A,I=5 Aand S$ = 0-02 Q 
When the resistance R is connected in series to the 
galvanometer, it behaves as a galvanometer of effective 


Now, S= 


resistance, 
G’=G+R=8+R 
I,G “01 x 
Now, S=- oe 
lI 5—0-01 


46. 


CAT 


(a) 


(b) 


48. 


(a) 


(b) 


49. 


ville REL Cre 98.2 
Proceed as solved problem no. 2.39. 


Current range of galvanometer and voltage range of the 
“ galvanometer imply the values of current and voltage, 


which produce full scale deflection in the galvanometer. 
Thus, 
I, = 15 mA = 15 x 10% Aand V, = 750 mV = 750 x 10° V 


Vv, 750 107° 


I, 15x 10 
Here, I= 25 A 
I,G 73 
pity _ 15x10 X50 _ 0.03 
I-I, 25-15x10 
Here, V = 150 V 
Rut og- = + 50 = 9950.9 
I, 15x 10 


Total number of divisions on galvanometer scale = 150 
Current sensitivity of galvanometer = 10 divisions mA~! 
Therefore, current required for full scale deflection, 

150 


I, =—=15mA=15x10° A 
10 
Voltage that produces full scale deflection, 
oe OFA 75 mV 
2 
Vern 75 
Therefore, resistance of galvanometer, G = 7 = er =5Q 
& 
Range of required ammeter, I = 6 x 150 = 900 A 


7 Tse tg AG 10h C5 
I-I, 900-15x 10° 
Range of required voltmeter, V = 1 x 150 = 150 V 
V 150 
» R=—-G=—_, 
I, 15 x 10 
Here, Ry = 9000 2, Ry = 0-015 Q 
Reading of voltmeter = 117 V 
and reading of ammeter = 0-13 A 
Suppose that the e.m.f. of the battery in the circuit is E. 
Resistance of parallel combination of Ry and R, 


_RyxXR_ 9000R 
P Ry+R 9000+R 


= 8-33 x 10° Q (in parallel) 


= 9995 Q (in series) 


.-.(1) 


Therefore, reading of ammeter, ait amt = 0-13 
Rp +Ra 
Also, reading of voltmeter, braliees x Rp = 117 
R Pp +R A 
or 0-13 x R, =ahvé or R, = 900 Q 
Substituting for R,, in equation (i), we have 
-9000R _ 
9000+R 


or R= 1000 Q 


ll 3.01. INTRODUCTION 
Historically, Thales of Miletus knew. that pieces of lodestone or magnetite (black 


ron oxide i.e. Fe,O, — a naturally occurring iron ore) could attract small pieces of 
ron. Further, these small pieces of iron could themselves acquire this property, if 
hey came in contact with this ore (lodestone). Later, it was discovered by the Chinese 
hat a linear piece of lodestone, when suspended freely would come to rest 
:pproximately along geographical N - S line. This directional property forms the 
yasis of the principle of the magnetic compass used as an aid to navigation. The 
Chinese used it as a primitive compass and because of this use, the iron ore 
magnetite’ was given the name lodestone or leading stone. William Gilbert suggested 
hat the earth itself was a huge magnet. It is due to the earth’s magnetism that a 
magnetic compass needle aligns itself along N- S direction. 

The magnetic force and magnetism are basically the effects produced by 
slectrical charges in motion. Oersted discovered the magnetic effect of electric 
currents. However, the phenomenon of magnetism and some of the basic properties 
of magnetism were known long before. 


28% 3.02. ARTIFICIAL BAR MAGNET AND ITS PROPERTIES 


Usually, the natural magnets are not strong enough magnetically. Further, 
because of their odd shapes, the natural magnets are not very convenient for practical 
use. However, pieces of iron of suitable shapes can be made magnets by rubbing 
them with a natural magnet. It is found that a steel rod does not acquire magnetism 
that easily, with which a soft iron rod acquires. But the steel rod retains the 
magnetism, it has ac uired and does not lose it, unless heated to a very high 
temperature. On the other hand, the soft iron rod which acquires magnetism, even 
when merely placed near a permanent magnet, loses this property when removed 
away from it. 

‘When a bar magnet is brought near a heap of iron filings, they cling most near 
the two ends of the magnet called the poles of the magnet. 

Magnetic pole. The preferred regions of attraction near the two ends of a magnet, 
where the magnetic force due to bar magnet is maximum, are called the poles of the magnet. 

A bar magnet has the following properties : 

1. Attractive property. Amagnet can attract small pieces of magnetic substances 
like iron, steel, cobalt, nickel, etc. The attraction is maximum at poles. It may be 
pointed out that the poles are situated near the ends of the magnet and not exactly 
at the ends. ' 

2. Directive property. A magnet, when suspended freely, aligns itself 
approximately along geographical N-S line, such that north pole of the magnet is 
towards the north of the earth and the south pole is towards the south of the earth 
as shown in Fig. 3.01. 

3. Unlike poles attract and like poles repel. If the S-pole of a magnet is brought 
near the N-pole of another magnet, they are found to attract each other [Fig. 3.02 (a)]. 


y ATTRACTION 


Fig. 3.02 (a) Fig. 3.02 (b) 
407: 


Quotable Quote 
“The disgrace of the nineteenth century is 
its ignorance of the subject of magnetism, 
will the twentieth bring knowledge ?” 
— Hermann Von Heimholtz 


P oe 
magnet (or S-pole of a magnet is brought near Pine 5 pole af enother ThagneD) they 
are found to repel each other [Fig. 3.02 (b)]. Therefore, unlike poles attract each other 
and like poles repel each other. 

4. Magnetic poles exist in pairs. If a magnet is cut* into two equal parts 
transverse to its length as shown in Fig. 3.03, N and S-poles of the magnet donot 
get separated. Each of the two parts is found to be a magnet having north and south 
poles at the two ends as shown in figure. Further, each part of the magnet possesses 
the pole strength same as that of the original magnet. 

On the other hand, if the magnet is cut into two equal parts along the length 
of the magnet, each part is found to be a magnet having pole strength exactly half 
of the pole strength of the original magnet. 

The important difference in electricity and magnetism is that in electricity, an 
isolated charge exists, whereas in magnetism, an isolated magnetic pole i.e. 
monopole does not exist. 

5. Inductive property. When a piece of a substance, such as soft iron, steel, cobalt, 
nickel, etc is placed near a bar magnet, it acquires magnetism. The magnetism so 
acquired is called induced magnetism. 

6. Repulsion is the surest test for distinguishing between a magnet and a piece 
of iron. The pole of a magnet attracts a piece of iron as well as the unlike pole of an 
other magnet. Therefore, when the magnet used for distinguishing between a magnet 
and a piece of iron is brought near the two ends of a specimen, it will show attraction 
if it is an iron rod ; but will show repulsion at one end, if it is a magnet. Thus, 
repulsion is the surest test to distinguish between a magnet and a piece of iron. 


M8 3.03. ATOMIC VIEW OF MAGNETISM 

Ewing modified the molecular theory of magnetism given by Weber. Since a 
current loop behaves as a magnetic dipole, each atom of a magnetic substance can 
be considered as a magnetic dipole. It is because, electrons revolving around the 
nucleus in an atom are equivalent to small current loops. According to Ewing, the 
_molecules of a magnetic substance, whether magnetised or unmagnetised, are all 
complete magnets. As shown in Fig. 3.04, in an unmagnetised magnetic substance, 
these molecular magnets (represented by arrows) are randomly oriented and form 
closed chains. The north pole of one molecular magnet attracts the south pole of 
its neighbouring molecular magnet, while its own south-pole is attracted by the north 
pole of another and so on. In this manner, the molecular magnets neutralize the effect 
of each other and the unmagnetised specimen exhibits no magnetism. 

In a bar magnet, the molecular magnets are aligned in the same direction i.e. 
the north-poles of all the molecular magnets point in one direction, while the south- 
poles in the opposite direction [Fig. 3.05]. Hence, one end behaves as a strong north- 
pole and other as a strong south-pole. Thus, the difference between a magnetised 
and unmagnetised substance lies only in the arrangement of these molecular 
magnets. 

It may be pointed out that Ampere had suggested that the elementary atomic 
magnets in the magnetic substances were tiny circulating current loops. In principle, 
this insight of Ampere has turned out to be substantially correct. Now, it is agreed 
that the atomic magnetism is of electrical origin. However, most part of the atomic 
magnetism is contributed by the spinning motion of electrons in the atoms, rather 
than their orbital motion. 


me 3.04. COULOMB’S LAW IN MAGNETISM 

In 1785, by making use of his torsion balance, Coulomb discovered the law 
governing force between two magnetic poles*. 

Suppose that two magnetic poles of strengths m, and m, are placed a distance 
r apart. Then, force of attraction or repulsion between the two poles is found to be 
directly proportional to the product of their pole strengths and inversely 
proportional to the square of the distance between them i.e. 
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*For details, refer to VSQ 3.03. 
tAs isolated magnetic poles do not exist, two long magnets were used by Coulomb. It was assumed that the pole of one magnet 
does not experience any appreciable force due to the distant pole of the other magnet. 


In SI, the constant of proportionality, k = ae =10” WhA-i mi. : 
1 


sat gibi, sate ma Uhl (3.01) 


Here, , is called the absolute permeability of free space. 

Unit of magnetic pole strength. Suppose that m, = m = m (say) 
r= km and F=107N 

From equation (3.01), we have 


107” =10°” x — or et 
1 
or m = + 1 ampere metre (A m) 


Therefore, strength of a magnetic oe is said to be one ampere metre, if it repels an 
qual and similar pole with a force of 10-’ N, when placed in vacuum (or air) at a distance 
‘one metre from it. 

ml 3.05. MAGNETIC DIPOLE AND MAGNETIC DIPOLE MOMENT 

A bar magnet has two magnetic poles. It is sometimes also called as magnetic 
ipole. 

Magnetic dipole. An arrangement of two magnetic poles of equal and opposite 
trengths separated by a finite distance is called a magnetic dipole. - 

The two poles of a magnetic dipole (or a magnet), called north and south poles, 
re always of equal strength and of opposite nature. Further, such two magnetic 
oles always exist in pair. In other words, an isolated north or a south pole does 
ot exist. 

Magnetic length. The distance between the two poles of a bar magnet is called the 


tagnetic length of the magnet. 
Magnetic length is a vector from S-pole of the magnet to its N-pole and is 


ad 
lenoted by 21 [Fig. 3.06]. 
Since the magnetic poles are situated within the magnet, the distance between 


Is two magnetic poles called its magnetic length is always less than its geometric 


ength. 
Magnetic dipole moment. The product of the strength of either pole and the magnetic 


ength of the magnet is called magnetic dipole moment. bi 
Itis a vector quantity and is represented by M .Its direction is same as that of 21 
e. from S-pole of the magnet to its N-pole. Thus, 
> > 
M=m(21) ...(3.02) 


In SI, the unit of magnetic dipole moment is ampere metre” (A m’). 


a: 


.06. MAG 
The space around a magnet (or a conductor carrying current), in which its magnetic 
ffect can be experienced, is called the magnetic field. 

The magnetic field in a region is said to be uniform, if the magnitude of its 
strength and direction is same at all the points in that region. 

A uniform magnetic field is represented by equidistant parallel arrows. 

The SI unit of strength of magnetic field (also known as magnetic induction 
or magnetic induction field or magnetic flux density) is tesla (T).It can be measured 
n terms of force on a charge moving inside the magnetic field or by using the concept 
of magnetic flux linked with a surface. 

1 tesla (T) = 1 newton ampere ~! metre“! (N At m4) 
= 1 weber metre? (Wb m””) 


’ c 


The magnetic field line is the path along which an isolated north pole will tend to move, 
if it is free to do so. . 


some eR RN NR READ AT 


oT 


k¢--- MAGNETIC LENGTH --->1 
¢--- GEOMETRIC LENGTH 


A 


---> 


EES 


gn 
to plot the field lines of a magnetic field. The magnetic field lines do not exist in 
reality. The concept of magnetic field lines was developed to visualize the strength 
of the magnetic field in different regions of the field. The regions, where the magnetic 
field lines are close enough (crowded), the magnetic field is considered as quite 
strong there. 

Properties of magnetic field lines. The following are a few important 
properties of magnetic field lines : 

1. The magnetic field lines are closed continuous loops extending through the 

body of the magnet. 

2. Outside the body of the magnet, the magnetic field lines run from north 

pole to south poie of the magnet. 

3. The tangent to the magnetic field line at any point gives the direction of 

magnetic field at that point. 

4. No two magnetic field lines can intersect each other. 

5. The magnetic field lines dilate laterally and contract longitudinally. 

It may be noted that the electric field of an electric dipole and magnetic field 
of a bar magnet are also similar. However, there is a fundamental difference between 
the two fields. In case of the electric field of an electric dipole, the electric lines of 
force originate from positive charge and end at the negative charge. Since isolated 
magnetic poles do not exist ; in case of a bar magnet, the magnetic field lines are 
closed loops. In other words, magnetic field lines do not start or end anywhere. One 
may imagine them to be extending through the body of the magnet. It is only at far 
away points that the two fields (electric field of an electric dipole and magnetic field 
of a bar magnet) look very similar. 


M8 3.08. MAGNETIC FIELD ON AXIAL LINE OF A BAR MAGNET 
Consider a bar magnet NS, whose each pole is of strength m. Let 21 be magnetic 


length of the magnet and O be its centre. Let P be a point on the axial line of the _ 


magnet at a distance r from the centre of the magnet [Fig. 3.07] 


ae 
The magnetic field B, yj; at point P due to the bar magnet will be the resultant — 

ae > iS 

of the magnetic fields B, (due to N-pole of the magnet) and By (due to S-pole of the — 


magnet) i.e. 
— > U8 
i @ = Bat Bo 
Now, WP eee eclnae Sih at (along PX) 
4a NP? 4m (r-1? 
+ 
and LB abate: PO tee (along PS) 


4n sp? 4n Gry 
It eae that B, |is greater than| By I. 
Since B, and By act ain the same line but in opposite directions, 


syle I=1B, ia ia (along PX) 
Pas ae ltt pte Ht 05 in 
4 (rae An (r+1)2 


Sle [come st), by m(4rD 


or Baxial = 


ye (72 12a An (72 —12)2 
Now, m (2 I) = M, magnitude of the magnetic dipole moment of the magnet. 
Ly 2Mr 

vig ig (r2 —12)2 
It may be noted that the direction of magnetic field due to a bar magnet at a 


point on its axial line is from S-pole to N-pole i.e. same as that of magnetic dipole 
moment of the bar magnet. eae equation (3.03) may be expressed as 


(along PX) 4.1(3:03) 


Baxial = 


a By 2 M r 
Baxial = fem ES ...(3.04) 


v 
The relative closeness of magnetic field - 
lines in different regions of a magne \ 
field can be used to adjudge the field 


strength. 


Key point J 
In contrast to electric lines of force, mag- 


netic field lines are always closed loops. 


Key point of 


Magnetic field due to a bar magnet at a 

point on its axial line has the same 
direction as that of its piapacnic Moe 
moment vector. “ is o 


igth, 
| fie 


d hence in equation (3.03), /2 can be neglected in comparison to r2. Therefore, for 
very short bar magnet, 


shh PM (along PX) (3.05) 


M3 3.09. MAGNETIC FIELD ON EQUITORIAL LINE OF A BAR MAGNET 
Consider a bar magnet NS, whose each pole is of strength m. Let 2 I be the 

agnetic length of the bar magnet and O be its centre. Let P be a point on the 

uitorial line of the magnet at a distance r from the centre of the magnet [Fig. 3.08]. 


> > 
Let B, and Bz be the magnetic fields at point P due to N-pole and S-pole of the 
1r magnet. Then, resultant magnetic field at point P due to the bar magnet is given 
7 


> > 9 
Bequi = B, + Bo 
> DMR PEC TU m 
Now, |B, |= - =o. (along NP) 
MT La ie ey é 
3 
and IB peal at neta em = (along PS) 


An sp? 4a (+2) 
- > 
It follows that | By | is equal to | By |. To find the resultant magnetic field at point 
eed 
due to the bar magnet, resolve B; and Bp into rectangular components along PX’ 


> 
nd OY. If Z PSO =6, then Z LPX’ = Z MPX’ =0. The components of B; and B> along 


YY are | By lsin @ and| B> | sin @ respectively. As the two components are equal and 
pposite, they cancel each other. Therefore, resultant magnetic field at point P due 
) the bar magnet, 


=) = —> } 
| Begui |=!By |cos @ +1 Bz Icos 0 (along PX’) 
Uo m Uo m 
a Begui = oo ay 008 9 + a azz 008 9 
Mike 4 4 (r2 + 12)? 4 4X (r2 + 12)? 
Ho 2m 
or Boo; = a €08 8 
emi ag (7242) 
From right angled A SOP, 
cos 8 = = 
SPAM? 4 17)1/7 
Ho 2m I 
Hence, B = : : 
equi 42 (r2 +17) (r2 4.12)'/2 
Ho M : 
or Bore . (along PX’) ...(3.06) 
emi an (72 +12)3/2 & 


Here, M = 2 m1 is magnetic dipole moment of the bar magnet. 

It may be noted that direction of magnetic field due to a bar magnet on its 
quitorial line is from N-pole to S-pole of the magnet i.e. ina direction opposite to 
hat of the magnetic dipole moment of the magnet. Therefore, equation (3.06) may 
ye expressed as 


= 
agile aca i ...3.07) 
equi An (r2 4. 12)3/2 


When bar magnet is of very small length. For a bar magnet of very small 
length, 
l<<r 
and hence in equation (3.06), 2 canbe neglected in comparison to r*. Therefore, for 
a very short bar magnet, 


_ Ho M ' 
Bequi = nae ys (along PX’) ...(3.08) 


The direction of magnetic field at a point 
on its equitorial line is opposite to that of 
its magnetic dipole moment vector. 
—— Ent 


eee 3. 10. TORQUE ONA BAR MAGNET INA MAGNETIC FIELD 


Let a bar magnet NS having pole strength m and of length 2 rs be placed ina . 
uniform magnetic field of strength B making an angle @ with the direction of the 
magnetic field [Fig. 3.09]. ; 

Force on N-pole of the magnet = m B (along the direction of magnetic field B) | 

Force on S-pole of the magnet = m B (opposite to the direction of magnetic field B) 

Thus, the bar magnet is acted upon by two equal, parallel and opposite forces. 
The two forces constitute a torque and it tends to rotate the magnet in the clockwise _ 
direction. The magnitude of the torque is given by : 

t= either force x perpendicular distance between the two forces. _ 
= mB x KN : 

From the right angled triangle N K S, we have 

KN=NSsin@ = 21/1 sin @ 
t=mBx2I1sinO@=m(2))Bsin@ 
Sings m (2 1) = M, the magnetic dipole moment of the bar magnet, we have 
t =MBsind .--(3.09) 
If B=1and @= 90° i.e. sin @ = 1, then 
- €=MxIxilorM=tT 

Hence, the magnetic dipole moment of a magnetic dipole is numerically equal to the 
torque acting on the dipole, when placed perpendicular to the direction of a uniform magnetic 
field of unit strength. 

In vector notation, 

a as 


t=MxB .--(3.10) 
= 
If the vectors M and B are in ne poms of paper [Fig. 3.10], then torque vector 


Fe , which acts in the direction of M x B ‘will be perpendicular to the plane of the 
p°ver and in inward direction. 
Unit of magnetic dipole moment. From equation (3.09), we have 


Bsin @ 
t tr ee 
Therefore, unit of M=— = NmT 4 =jT! 
esla 
Therefore, magnetic dipole moment may be measured as newton metre tesla 
(N m T-}) or as joule tesla“! (J T-1)or as explained in section 1.05, it may be 
measured as ampere meter” (Am/7). Since tesla is weber metre~2, the magnetic dipole 


moment is dimensionally equivalent to joule metre? weber! (J m? Wb~). 


MS 3.11. POTENTIAL ENERGY OF A BAR MAGNET PLACEDINA 


MAGNETIC FIELD 
Let a bar magnet of dipole moment M be placed in a uniform magnetic field 


of strength B, such that the magnet makes an angle 0 with the direction of the field. 
Then, magnitude of the torque acting on the dipole is given by 
t=MBsin@ 

This torque tends to align the magnet along the direction of the field. If the 
magnet is rotated against the action of this torque, work has to be done. Suppose 
that the magnet is rotated through an sia winner os small angie d@ under the action 
of the constant torque T . 

Then, small amount of work done in rotating the magnet through an 
infinitesimally small angle dé, 

dW = t d0@=MBsin @ dé 

If the magnet is rotated from initial position@ = 0, to the final position 0 = 0, 

, then the total work done is given by 


8 
w= [mBsino 40 =MB {sino do =MB| -cos0 b? 
64 04 
=—MB (cos 0, - cos 6;) = MB (cos 8, — cos 05) 


e work done in rotating lagne gn P 
‘gy (U). Thus, potential energy of the magnet inside the magnetic field, 
U = MB (cos @, — cos 95) ACM EY 
Suppose that the magnet is initially perpendicular to the direction of the 
metic field i.e. 0, = 90°. Then, potential energy of the magnet in any position 
ing angle @ with the direction of the field can be obtained by setting 0; = 90° 
6, = @ in equation (3.11) i.e. 
U =MB (cos 90° — cos 6) 
or U=-MBcos6 ...(3.12) 


> 5 
In vector notation, VU =—M.B ¥8(3:13) 
Special cases : Let us find the potential energy of the dipole in following cases : 
(ij) When@=0°, U=—MBcos0° =—MB (minimum) 
(ii) When@=90°, U=—MBcos90°=0 
iii) When @=180°, U=—M Bcos 180° = M B (maximum) mn te 
Thus, a magnetic dipole possesses minimum potential energy, when M and B 


“> = 
like parallel and maximum potential energy, when M and B are antiparallel. 


3.12. CURRENT LOOP AS A MAGNETIC DIPOLE 
Consider a circular coil carrying current I. Suppose that the current flows in 
-clockwise direction, when seen from above [Fig. 3.11]. The magnetic field lines 
. to each elementary portion of the circular coil will be of the shape of circular 
os near that portion and almost straight near the centre of the circular coil. From 
t-Savart’s law (or right hand thumb rule), it follows that the magnetic field lines 
m to enter at the lower face of the coil and leave at its upper face. Thus, the lower 
. of the coil, through which magnetic field lines enter, behaves as the south pole ; 
ile the upper face, through which the field lines leave, behaves as the north pole. 
ace, the current carrying circular coil behaves as a magnetic dipole. 
It is found that magnetic dipole moment of the current loop 
(i) is directly proportional to strength of current through the loop i.e. 
M«l (3.14) 
(ii) is directly proportional to area of the current loop i.e. 
M«A OG) 
Combining equations (3.14) and (3.15), we have 
M«IA 
or M=kIA, 
ere kis the constant of proportionality. The constant of proportionality k is found 
e equal to 1, when current is measured in ampere, area in metre” and magnetic 
ole moment in ampere metre’. Thus, 
M=IA GeLG) 
Since the upper face of the current loop behaves as north pole and the lower 


= 
e as south pole, the magnetic dipole moment vector M acts perpendicular to the 


ne of the current loop and in upward direction as shown in Fig. 3.12. If A is area 
tor representing the area of the current loop, then equation (3.16) may be 
yressed as 


= - 
M=IA 463,17) 

In case the current carrying circular coil has n turns, then 

M=nIA eh 30153) 

The factor n 1 is called ampere turns of the circular current loop. Thus, 

magnetic dipole moment of current loop = ampere turns x area of the coil 

The equation (3.18) has been obtained for a circular current loop. In fact, it is 
e for planar current loop of any shape. 
= 3.13. ATOM AS A MAGNETIC DIPOLE (Magnetic dipole moment ofa 

revolving electron) 

Inanatom, electrons revolve around the nucleus and as such the circular orbits 
electrons may be considered as the small current loops. Due to this, an atom 
ssesses magnetic dipole moment and hence behaves as a magnetic dipole. 

Expression for magnetic moment. Let us calculate the magnetic dipole moment 
an atom due to orbital motion of the electron. Suppose that an electron of mass 


oe aE YS AE 


Key point fi 


The energy pos 


i AREA=A 


A planar current loop (of any shape) 
behaves as a magnetic dipole. 


m, and charge e revolves in a circular orbit of 
in anticlockwise direction, as seen from above [Fig. 3.13]. The angular momentum 
of the electron due to its orbital motion is given by 


L= m, ur wstho- 9) A 
For the sense a orbital motion of electron shown in the figure, the angular ’ 


momentum vector L acts along normal to the plane of the electron orbit and in 
upward direction. 


Suppose that the period of orbital motion of the electron is T. Then, the electron 


De 
crosses any point on its orbit after every T seconds or — times in one second. 


Therefore, orbital motion of electron is equivalent to a current, 


=) 


Now, the period of revolution of the electron is given by 


2 
T= ur 
v 
1 ev 
Therefore, I= e| ———_ |=—— 
2nar/v 2nr 


The area of the electron orbit (area of current loop), A = a r* 
Therefore, the magnetic dipole moment of the atom, 


ha ev ee: 
2nr 
Using equation (3.19), we have 
M -( 3 ht ...(3.20) 
2m, 
In vector notation, 
= a = 
M=- J eA AN), 
2M, 


The negative sign has been included for the reason that electron has negative 
charge. The equation (3.21) tells that the magnetic dipole moment vector is directed 
in a direction opposite to that of angular momentum vector. 

According to Bohr’s theory, angular momentum of electron in a stationary orbit 


h 
can have only those values, which are integral multiples of ee: ie} 


h 
Dai wherein RECSi22) 
21 


From equations (3.20) and (3.22), we have 


or m= A (3.23) 


The equation (3.23) gives the magnetic moment of an electron due to its orbital 
motion. 

Bohr magneton. It is defined as the magnetic dipole moment associated with an atom 
due to orbital motion of an electron in the first orbit of hydrogen atom. 


eh 
is the least value of the magnetic 
4mm, 
moment. This natural unit of magnetic moment is called Bohr magneton. It is 
denoted by 1g. Its value is 


From equation (3.23), it follows that 


(1-6 x 107)? C) x (6-62 x 10 J s) 


4mx(9-1x10°! kg) 
We know that in an atom, in addition to orbital motion, an electron has got spin 
motion also. The electron possesses magnetic moment due to its spin motion also. . 


Lp = = 9-27 x 10-4 A m2 


i 
; 


1ae S 
ie to orbital and spin motion. 
ws 3.14, BAR MAGNET AS AN EQUIVALENT SOLENOID 

Consider a straight solenoid of length L, area of cross-section A and carrying 
rrent I as shown in Fig. 3.14 (a). Each turn of the solenoid behaves as a small ~ 
1gnetic dipole having magnetic dipole moment IA. Therefore, a solenoid canbe _ ae ne | | | 
ated as the arrangement of small magnetic dipoles placed in line with each other _ 
shown in Fig. 3.14 (b). The number of such small magnetic dipoles is equal to the 
mber of turns in the solenoid. The south and north poles of these small magnetic 
poles neutralise each other except at the ends. Thus, a current carrying solenoid 
n be replaced by just a single south pole and a single north pole separated by a 
stance equal to the length of the solenoid [Fig. 3.14 (c)]. Since each turn of the 
lenoid behaves as a small magnetic dipole having dipole moment I A, the 
uivalent magnetic dipole moment of the solenoid having n turns is n 1A. 

The magnetic field of a bar magnet or a current carrying solenoid can be plotted 
using a compass needle. Fig. 3.15 shows the magnetic field produced by a bar 
agnet, while Fig. 3.16 shows the magnetic field produced by a current carrying 
lenoid. It follows that the magnetic field produced by a bar magnet is identical 
that produced by a current carrying solenoid. 


gy 3.15. GAUSS’S LAW IN MAGNETISM” 


According to Gauss’s law in electrostatic, the surface integral of electric 


is the vector sum of its magnetic moments 


ae 1 
Id E over a closed surface S is equal to er times the total charge q enclosed by the 
0 


face i.e. 
es q 
E .dS=— 
S re 
An isolated magnetic pole does not exist. In other words, a surface may enclose ‘ 
magnetic dipole i.e. a pair of equal and opposite magnetic poles so that net pole Fig. 3.16 


rength enclosed by the surface is zero. Therefore, the magnetic analogue of Gauss’s Rey p ay nt ws 


w in electrostatic may be stated as 
32 OF The fact that a magnetic monopole does 
Bads'=0 not exist is a direct consequence of 
S Gauss’s law in magnetism. 


Key point | i. 


Due to the fact that magnetic poles éxist 
in pairs of equal and opposite strengths or 
that a magnetic monopole does not exist, 
magnetic flux through a closed surface 
must always be zero. 


a 
. surface integral of magnetic field B over a closed surface S is always zero. It is called 
auss’s law in magnetism. 

Following are a few direct consequences of Gauss’s law in magnetism : 

1. If a number of magnetic field lines are leaving a closed surface, an equal 
umber of field lines must also be entering the surface. 

2. Isolated magnetic poles do not exist i.e. magnetic poles exist in unlike pairs 


‘equal strengths. 
SSS SEE ISS SS ~ SOLVED NUMERIC AL PROBLEMS —__- a 
ype A. On Force between Magnetic poles Problem. 3.02. Two poles, one of which is 5 times as 


Problem 3.01. Two equal magnetic poles placed 5 cm 
. air attract each other with a force of 14-4 x 10+ N. How 
1x from each other should they be placed so that the force 
f attraction will be 1-6 x 10+ N ? 

Sol. Let m be the pole strength of each pole. 

In first case : F = 14-4 x 104N;r=5cm=0-05m 


m- 


(0-05)? 


x 
Now, F=£0..7 7°" or 14-4x 104 =107 x 
4m r 


or m=+6Am 

In second case: Letr’ be the distance between the poles, 
shen force of attraction becomes F’ = 1-6 x 104N. 
6x6 


mxm 
r’2 


or TGci0 10. x 


Now, F’ = ia 
4 5 2 
or r’=0-:15m 


strong as the other, exert on each other a force equal to 
0-8 x 10° kgf, when placed 10 cm apart in air. Find the 
strength of each pole. 
Sol. Let m and 5 m be pole-strengths of the two poles. 
Here, F = 0-8 x 10 kgf = 0:8 x 103 x 9-8 N, 
r=10cm=0-1m 


Now, 


1077 xmxd5m 
(0-1)? 

or m=12-52°'Am 

and 5m =5x 12-52 = 62-6 Am 


or 0-8x10° x 9-8= 


a —————— a  masammemmammnnmermienenomn pearls senescent STI ia aaa 


*For additional knowledge only. 


Type B. On Magnetic mom 
Problem 3.03. Two identical thin bar magnets, each of 
length L and pole-strength m are placed at right angles to 
each other, with the N-pole of one touching the south pole 
of the other. Find the magnetic moment of the system. 
(LT. 1967) 
~ Sol. When the magnets N, S, and N, S,, each of pole 
strength m and length L, are placed at right angles to each 
other [Fig. 3.17], the system behaves as a magnet, whose pole 
strength is m and length is N, S,. 


‘Sa a geet 
Fig. 3.17 


Now, Nj Sz = ¥Nj Sj +N2 $3 = (ets VaL 


Therefore, magnetic moment of the system, 
M= pole strength x N,S,=mxv2L =J/2mL 

Type C. On Magnetic field due to a bar magnet 

Problem 3.04. A bar magnet bf length 0 - 1m has a pole 
strength of 50 A m. Calculate the magnetic field at distance 
of 0-2 m from its centre on (i) its axial line and (ii) its 
equitorial line. 

Sol. Here, m=50Am;r=0-:2m; 2] =0-1 mor! =0-05m 

Therefore, M = m (2 1) = 50 x 0-1=5 Am? 

2M 
(i) B axial = a A 


. ins x2x5x0-2_ 
(0-2? 0.052)? 
SSA 10 Aa 
nt u M 
(ii) B Bice e- Oi pew Beal Ceres 
mi an (4.2/2 
Pe UE re 
(0-27 +0-052)°/? 
= 5-708 x 10°T 
Problem 3.05. Two identical short bar magnets each of 
magnetic moment 12-5 A m? are placed at a separation of 
10 cm between their centres, such that their axes are perpen- 
dicular to each other. Find the magnetic field at a point 
midway between the two magnets. 
Sol. Suppose that the two identical magnets N, S, and 


N, S, are placed as shown in Fig. 3.18. Let P be the point 
midway between the two magnets. 


107? x2x5x0-2 
(0-0375)2 


5x10” 
0-00876 


10 ona 
(0-0425)°/? 


‘ i Se 
S; O; N, 


atpeil 2 
k— 5cm—>— 5cm 
Fig. 3.18 


and 0, P= -O,P = 5em= ‘0.05 m 
The nt P lies on axial line of magnet N, §,. If B, 
magnetic field due to magnet N, S, at point P, then : 


og: (2Mz 107% 2X 12-5 
14x (0,P) (0-05) 
= 0-02 T (along P’ 


The.point P lies on equitorial line of magnet N, S,. If] 
is magnetic field due to magnet N, S, at point P, then 


Be fos, Ma 107 x12-5 
zr 3 3 
4m (Op P) (0-05) 
= 0-01 T (along P" 


The resultant magnetic field at point P, 


B= 1B? + B3 = (0-02)? + (0-01)? 


=2-237x 107 T 
If @ is the angle which the resultant field makes wi 
X-axis, then 
ena By _ 0-01 
B, 0-02 
Type D. On Torque on a Bar magnet 
Problem 3.06. A bar magnet placed in a unifor 
magnetic field of strength 0-3 T, with its axis at 30° to tl 
field, experiences a torque of 0-06 N m. What is the magnet 


=0-5 or 6 = 26-57° 


mo-ment of the bar magnet ? G 5.6. E19 
Sol. Here, B = 0-3 T; 6 = 30° ; T= 0-06 N m 
Now, t=MBsin@ 
ist 4 0-06 Bye ee 


Bsin@ 0-3xsin 30° 

Problem 3.07. A bar magnet has poles of strength 48 A 1 
which are 25 cm apart. (i) What is the magnetic moment 
the magnet ? (ii) What torque is required to hold th 
magnet at an angle 30° with a uniform field of flux densi 
0-15T ? 

Sol. Here, m = 48 Am; 21=25cm=0-25m 

(i) Magnetic moment, M = m x 21= 48 x 0-25=12An 

(ii) Here, @=30°;B=0-15T 

Now, t=MBsin 6 = 12 x 0:15 sin 30° = 0-9 Nm 

Problem 3.08. A short bar magnet placed with its ax 
at 30° to a uniform magnetic field of 0-2 T experiences 
torque of 0-06 N m. (a) Calculate the magnetic moment | 
the magnet and (b) find out what orientation of the magn 
corresponds to the stable equilibrium in the magnetic fiel 


(C.B.S.E. 200 
Sol. Here, B = 0-2 T ; = 30° and t= 0-06 Nm 
(a) Now, t=MBsin@ 
CG wet 0-06 -~0-6A ni2 


Bsin@ 0-2xsin 30° 
(b) The magnet will be in stable equilibrium in tl 
magnetic field, if it experiences no torque due to magnet 
field i.e. 
M Bsin@=0 or 
or @=0° 
i.e. when the magnet petehs itself parallel to the magnet 
field. 
Type E. On Potential energy of a Bar magnet 
Problem 3.09. A bar magnet of moment 1:5 J T1 li 
aligned with the direction of a uniform magnetic field « 


sin 0 =0 


agnet, so as to align its magnetic moment normal to the 
eld direction ? What is the torque on the magnet now ? 
(Pre-degree Kerala, 1991 ; Text Problem) 

Sol. Here, M = 1-5J T-! ; B=0-22T ; 0, = 0° ; 8, = 90° 

Now, work done to rotate magnet from position 6, to 
is given by 

W = MB (cos @, — cos 45) 
W = 1-5 x 0-22 (cos 0° — cos 90°) 
= 1-5 x 0-22 (1-0) = 1-5 x 0-22 = 0-33 J 

Now, tT=MBsin@ 

Therefore, torque on the magnet, when it is normal to 
ie field, 

T= 1-5 x 0-22 sin 90° = 1-5 x 0-22 x 1 
= 0-33 Nm 

ype F, On Magnetic moment of a current loop 

Problem 3.10. A circular coil of 50 turns and radius 
2 m carries a current of 12 A. Find (a) magnetic field at 
.e centre of the coil and (b) magnetic moment associated 
‘ith it. , 

Sol. Here, n =50;a=0-2m and I[=12A 


2nni_ 10’ x2ax50x12 
were 0-2 
= 1-885 x 10° T 


(a) Now, pobiéo: 
40 
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[SA Problem 3.12. Each atom of an iron bar (having dimen- 

sions 5 cm x 1cm x 1cm) has a magnetic dipole 
1oment of 1-8 x10-2 Am?. (a) What will be the magnetic 
1oment of bar in the state of magnetic saturation ? (b) What 
ill be torque required to place this magnetised bar 
erpendicular to magnetic field of 15,000 G ? Given, density 
f iron = 7-8 x 10° kgm, atomic weight of iron = 56 and 
vogadro number, N = 6-02 x107° kg mol“. 

Sol. Here, magnetic moment of one atom of iron, 

M’ = 1-8 x 10- Am? 
Volume of iron bar, V=5x1x1=5cm?=5x 10° m® 
Mass of ironbar, m=Vp=5x10°%x7-8x 10° 

=3-9x107kg 
Therefore, number of atoms in the iron bar, 
N 6-02x 107° 
xm= 
56 


4a x 3-9x10 


A 
= 4.19 x 103 
(a) In the state of magnetic saturation, all the atomic 
1agnets will align themselves in the same direction and then, 
he magnetic moment of iron bar will become 
M=M’xn=1-8 x 10-9 x 4-19 x 10 
= 7:54 A m? 
(b). Here, B= 15,000 G=1-5 T and 0 = 90° 
The required torque, 
t=MBsin@ = 7-54 x 1-5 sin 90° 
=11:31Nm 
Problem 3.13. A magnetic dipole is under the influence 
of two magnetic fields B, and B, [Fig. 3.19]. The angle 
etween the field directions is 60° and one of the fields has 
‘magnitude of 1-2 x 10 T. If the dipole comes to stable 


e% 


M=nlA=nIxad@ 

= 50« 12 x a x (0-2)? = 75-4 A m2 

Type G. On Magnetic moment of revolving eleciron 
Problem 3.11. An electron in an atom revolves around 

the nucleus in an orbit of radius 0-53 A. Calculate the 

equivalent magnetic moment, if the frequency of revolution 


of electron is 6-8 x 10? MHz. (C.B.S.E. 1998) 

Sol. Here, radius of the orbit of electron, 

r=0-53 A =0-53 x 10-19 m 
Frequency of revolution of electron, 
v =68 x 10? MHz = 68 x 10 Hz 

If e is the charge on electron and T is the time taken to 
complete one revolution, then the motion of electron 
equivalent to the current I given by 


I =—=eV SPT ee EOS 
T time period 
The electron revolving in circular orbit behaves asa 


‘* frequency = 


current loop and hence possesses magnetic moment given by 


M=lA=evxare=anevr 
Since e=16~x 10°C, 
M=2x 1-6 x 10719 x 6-8 x 104 x (0-53 x 10-10)2 
= 9-6 x 10°74 A m? 


AL NUMERI 


equilibrium at an angle of 15° with this field, what is the 
magnitude of the other field ? (Text Problem) 


. Fig. 3.19 
Sol. Here, B, = 1:2.x 107 T; 
Inclination of dipole with B,, 6, = 15° 
Therefore, inclination of dipole with B,, 
8, = 60° —-15° = 45° 
As the dipole is in equilibrium ; the torque on the dipole 
due to the field B, is equal and opposite to that due to B,. If 
M is magnetic dipole moment of the dipole, then 
M B, sin 6, =M B, sin 6, : 
By sin; _1-2x 10 sin 15° 
 SULOs 4 2 sin 45° 
1-210 x 0-2588 


or 


= 4:39 x 10° T 


0-707 é 
e Problem 3.14. A closely wound solenoid of 1000 turns 
and area of cross-section 2-0 x 10 m? carries a current 


of 2-0 A. It is placed with its horizontal axis at 30°with the 
directien of a uniform horizontal magnetic field of 0-16 T as 
shown in Fig. 3.20. 

(a) What is the torque experienced by the solenoid due 
to the field ? 

(b) If the solenoid is free to turn about the vertical 
direction, specify its orientations of stable and unstable 
equilibrium. What is the amount of work needed to 
displace the solenoid from its stable orientation to its 
unstable orientation ? (Text Problem) 


Fig. 3.20 


Q. 3.01. What is a magnet ? (P.S.S.C.E. 2002) 
Ans. A magnet is an arrangement of two equal and 
opposite magnetic poles separated by certain distance. The 
attractive and directive are two main properties of a magnet. 
Q. 3.02. What do you mean by directive property of a 
magnetic dipole ? 
Ans. A freely suspended magnet always aligns itself 
along the N-S line. 
Q. 3.03 What happens to dipole moment, if a bar 
magnet is cut into two equal pieces parallel to its length ? 
(H.P.S.S.C.E. 2002) 
Ans. Let m and 2! be pole strength and length of the 
given bar magnet. When the magnet is cut into two equal 
pieces parallel to its length, each piece will be a magnet having 


length 2 / (unchanged) and pole strength ™ Therefore, 


magnetic moment of each piece will be hide (21)=ml i.e. one 
half of that of original magnet. 

Q. 3.04. A bar magnet is cut into two equal pieces trans- 
verse to its length. What happens to its dipole moment ? 

(HS.S.CE.'2002) 

Ans. Let m and 2 | be pole strength and length of the 
given bar magnet. When the magnet is cut into two equal 
pieces transverse to its length, each piece will be a magnet 
having pole strength m (unchanged) and length /. Therefore, 
magnetic moment of each piece will be m1 i.e. one half of that 
of original magnet. 

Q. 3.05. Why ordinarily a piece of iron does not behave 
as a magnet ? 

Ans. In an ordinary piece of iron, the molecular magnets 
are randomly oriented and form closed chains. Since the 
molecular magnets cancel the effect of each other, the 
ordinary iron piece does not behave as a magnet. 

Q. 3.06. What is the source of magnetic field (magne- 
tism) ? (P'S.5.C.E. 1999 S) 

Ans. Magnetism is of electrical origin. The electrons 
revolving in an atom behave as tiny current loops and these 
current loops give rise to magnetism. 

Q. 3.07. Does an isolate magnetic pole exist like an 
isolate electric charge ? 


Sol. Here, number of tt he 


1=2.0A;A=2.0 x 104 m; 
The magnetic moment of the solenoid, 
= (I A) x number of turns 
= 2-0 x 2:0 x 10 x 1000 
= 0-4 A m2 
(a) Now, t=MBsin@ 
ne! B = 0-16 T, 8 = 30° 
T= 0-4 x 0-16 x sin 30° = 0-032 N m 


(b) The solenoid will be in stable equilibrium, when M i 
Biles: B (@=0°) a it will be in unstable equilibrium, whe 


Mi is antiparallel B (6 = 180°). 
Now, W = MB (cos 9, — cos 65) 


Therefore, work done to dianiace the solenoid fron 
stable orientation to unstable orientation, 
W =MB (cos 0°—cos 180°) = 2M B=2 x 0-4 x 0-11 
= 0-128 J 


FREQUENTLY ASKED VERY SHORT ANSWER QUESTIONS =~ 


With Answers/Hints 


Ans. No, an isolate magnetic pole does not exist. 
Q. 3.08. What is the unit of magnetic pole strength ? 
_ Ans. Unit of magnetic pole strength: ampere metre (Am, 
Q. 3.09. Define the term magnetic dipole moment. 
CHS 3:6. FE. 20021 8.5.5,. 1994 

Ans. Refer to section 3.05. 

Q. 3.10. What is the unit of magnetic dipole moment 

Ans. Unit of magnetic dipole moment : ampere metre 
(A m2). 

Q. 3.11. What is the direction of magnetic dipol 
moment ? (H.S.S.C.E. 2002 

Ans. It is from S-pole to N-pole of the magnetic dipole 

Q. 3.12. What is the basic difference between magneti 
lines of force and electric lines of force ? (H.S.S.C.E. 1994 

Ans. The electric lines of force originate from positiv: 
charge and end at negative charge and are thus discontinuou 
curves. But as isolated magnetic poles do not exist, th 
magnetic field lines are closed loops. 

Q.3.13. Why two magnetic lines of force donot cros 
each other ? (BS S2E91999 

Ans. Two magnetic field lines can not intersect eacl 
other. It is because, if they do so, then at the point o 
intersection, the magnetic field will have two directions alon; 
the tangents to the two field lines. 

Q. 3.14. What is the torque experienced by a magneti 
dipole of magnetic moment M placed with its axis at a1 
angle 3 with a uniform external magnetic field B ? 

C:5:ClE 1993 

Ans. Torque on the dipole, t= M B sin 0 

Q. 3.15. A short bar magnet placed with its axis makin; 
an angle @ with a uniform external field B experiences | 
torque. What is the magnetic moment of the magnet ? 

(C.B.S.E. 1990 


Ans. Torque on a dipole, t= M B sin 0 
T 
Bsin@ 


me 


Q. 3.16. Does a bar magnet exert a torque on itself due 
9 its own field ? Does one element of a current-carrying 
yire exert a force on another element of the same wire ? 

(Text Question) 

Ans. No, a bar magnet does not exert a force or torque 
n itself due to its own field. 

But an element of a current carrying conductor 
xperiences force due to another element of the conductor. 

Q. 3.17. A bar magnet is stationary in magnetic meri- 
ian. Another similar magnet is kept parallel to it, such that 
he centres lie on their perpendicular bisectors. If the 
econd magnet is free to move, then what type of motion 
t will have : translatory, rotatory or both ? (LL.T. 1977) 

Ans. There will be only translatory motion. It can be 
hown by finding the net forces on the two poles of the second 
1agnet due to the poles of the first by drawing a vector 
jagram. 

Q. 3.18. When does a magnetic dipole possess maxi- 
num potential energy inside a magnetic field ? 

Ans. A magnetic dipole possesses maximum potential 


nergy, when its magnetic moment Mand magnetic 


aes 
ield B are antiparallel. 


Q. 3.19. Can a current loop be treated as magnetic 
lipole ? 

Ans. A current loop can be treated as a magnetic dipole. 
f the current loop has area A and carries current I, then its 


Q. 3.01. What happens, if a bar magnet is cut into 
wo equal pieces (i) transverse to its length (ii) along its 
ength ? (Text Question) 

Ans. In both the cases, one will get two magnets. If the 
nagnet has a pole strength m, length 2 / and magnetic 
noment M, then pole strength, length and magnetic moment 


M 
n case (i) will be m, I and ae while in case (ii), the 


orresponding values will be i ,2land out 


Also refer to VSQ 3.03 and 3.04. 
Q. 3.02. State four properties of bar magnet. 
(P.S.S.C.E. 2002) 
Ans. Refer to section 3.04. 
Q. 3.03. You are given two identical looking bars A and 
3. One of these is a bar magnet and the other an ordinary 
yiece of iron. Give an experiment to identify, which one of 
he two is a bar magnet. You are not to use any additional 
naterials for the experiment. 
GP S:S:CE. 2001 'CB.S.E. 1998) 
Or 
Two identical looking iron bars, A and B are given, one 
yf which is definitely known to be magnetised. How would 
yne ascertain, whether or not both are magnetised ? If only 
me is magnetised, how does one ascertain which one ? 
Using nothing else, but the two bars A and B). 
- (LL.T. 1982 ; Text Question) 
Ans. If on bringing different ends of the two bars close 
o each other, they produce repulsion in some case, then both 
he iron bars are magnetised. Otherwise, one bar is 
nagnetised and the other is simply iron bar. To find out which 


FREQUENTLY ASKED SHORT ANSWER QUESTIONS 


magnetic dipole moment is given by 
M=IA 
Q. 3.20. Compare the magnetic fields due to a straight 


solenoid and a bar magnet. (PSS-C/E: 1996 $):1994) 

Ans. The magnetic field of a bar magnet and a straight 
solenoid are identical. The two ends of the straight solenoid 
behave as the north and south poles as in case of a bar magnet. 

Q. 3.21. Define Bohr magneton and write its value. 

(BS.S:C-E,11999:S) 

Ans. Bohr magneton ts defined as the magnetic dipole moment 
associated with an atom due to orbital motion of an electron in the 
first orbit of hydrogen atom. 

Bohr magneton, j/p = 9-27 x 10-74 A m? 

Q. 3.22. What is the magnetic moment of an electron 
due to its orbital motion ? 

Ans. Magnetic moment of electron due to its orbital 


motion, 
Nie eh 
4mm, 


where the letters have their usual meanings. 
Q. 3.23. Find out the value of 1 Bohr magneton. Given 
h = 6-62 x 10-4 J s, e = 1-6 x 10-19 C and m, = 9-1 x 1031 kg. 
(H.S.S.C.E. 2001) 


Ans. 1 Bohr magneton 
eh _ 1-6x107!? x6-62x 104 
4mm, 4mx9-1x10°! 
= 9-27 x 10-74 A m? 


With Answers/Hints 


one is magnetised, call one bar as A and the other as B. Place 
bar B on table. Bring one end of bar A close to the one end of 
bar B. The bar A will experience attraction. Now, move the 
bar A to the middle of bar B. If A experiences no force, then 
A is iron bar and B is magnetised. On the other hand, if bar 
A experiences force, then A is magnetised and B is iron bar. 
Q. 3.04. A steel wire of length / has a magnetic moment 
M. It is then bent into a semicircular arc. What is the new 
magnetic moment ? UN. CER Sg 75) 
Ans. If m is pole strength, then 


M 
——— 
l 
When the wire is bent into a semicircular arc, the 


separation between the two poles changes from! to 2r, where 


; : nies ; I 
r is radius of the semicircular arc. Since] =a r or r=—, the 
; , 1 
new magnetic moment of the steel wire, 


gmaoerest yh aL, lal ok 
1 Pa 
Q. 3.05. Magnetic lines of force should better be called 
as field lines. Explain. 
Ans. It is misleading to call magnetic field lines as 
magnetic lines of force. To elaborate, consider the expression 
for magnetic Lorentz force : 


— > 5S 
Fn =9(v X B) 
ae 
The magnetic force F,, is perpendicular to magnetic 


aed 
field B i.e. magnetic force is not along the direction of 
magnetic field. Hence, magnetic lines of force should be called 
only as magnetic field lines. 


and write its unit by taking into consideration the torque 
acting on it, when placed in magnetic field. 
(H.P.S.S.C.E. 1998) 

Ans. We know, t= M B sin 0 

If B=1and0@=90°, thent=M x 1sin 90° = 

or M=t 

Hence, the magnetic moment of a magnet is numerically 
equal to the torque acting on the magnet, when placed 
perpendicular to the direction of a uniform magnetic field of 
unit strength. 


Again, 


Mx1x1 


a t 
Bsin @ 
Therefore, unit of magnetic dipole moment 


ef newton metre =NmT 
tesla 

Q. 3.07. Define magnetic dipole moment of a magnet 
by taking into consideration the torque acting on it, when 
placed in magnetic field. Is it a vector or a scalar ? 

(ISS CEFAII2) 

Ans. For definition of magnetic dipole moment, refer to 
section 3.10. 

Magnetic dipole moment is a vector. 

Q. 3.08. A magnetised needle in a uniform magnetic 
field experiences a torque but no net force. An iron nail near 
a bar magnet, however, experiences a force of attraction in 
addition to a torque. Why ? (C.B.S.E. 2001 S ; Text Question) 

Ans. The force and torque act on the nail due to the 
induced magnetic moment acquired by it. The iron needle 
also will not experience any force, if magnetic field is uniform. 
The magnetic field due to a bar magnet is not uniform. 
Therefore, an iron nail experiences both a force and torque, 
when placed near a bar magnet. 

It may be pointed that the nail experiences a net 
attractive force. It is because the attractive force on the near 
induced pole of the nail is greater than the repulsive force on 
the far induced pole. 

Q. 3.09. Why does a magnetic dipole possess potential 
energy, when placed at some inclination with the direction 
of the field ? 


" equi agne 
itself along the ciresion of magnetic field. When the maphed 


dipole is displaced from the equilibrium position, a restoring 
torque acts on the dipole to bring it back. Therefore, to plac 
the dipole at some inclination with the field, work has to b 
done against the restoring torque. This work done is storec 
in the dipole as its potential energy. 

Q. 3.10. A magnetic dipole is free to rotate in a uniforn 
magnetic field. For what orientation of the magnet w.r.t. thi 
magnetic field, (a) torque is maximum, (b) potential energy 
is maximum (c) rate of change of torque with angle o 
orientation is maximum ? 

Ans. (a) We know, T= MB sin 0 

Therefore, torque on the dipole will be maximum, whe! 
sin # is maximum i.e. equal to 1 or @ = 90°. 

(b) Also, U =—M Bcos 8 

The maximum value of potential energy of the dipole i 
equal to M B. Therefore, potential energy of the dipole wil 
be maximum, when cos 6 is equal to — 1. i.e. 8 = 180°. 

Now, rate of change of torque with angle of orientation 


BE bn ante ere Leahy M Bcos@ 
d@ dée 


= will be maximum, when cos @ i 
maximum i.e. equal to 1 or 8 = 0° 

Q. 3.11. A bar magnet of magnetic moment M i 
aligned parallel to the direction of a uniform magnetic fiel« 
B. What is the work done to turn the magnet, so as to alig 
its magnetic moment (i) opposite to the field direction an 
(ii) normal to the field direction ? (C.B.S.E. 2001 

Ans. The work done to rotate a bar magnet from it 
initial position @ = 0, to the final position @ = 6, is given by 

W=MB (cos 6, — cos 95), 

where @ is angle, which magnet (or M) makes with th 
direction of magnetic field (B). 

(i) Here, 8, = 0° and 6, = 180° 

.. W=MB (cos 0° -cos 180°) = MB= 

(ii) Here, 6, = 0° and @, = 90° 

-. W=MB (cos 0°- cos 90°) = MB [1-0] = 


Therefore, 


[1-(-1)]=2 MI 


ae Q. 3.01. An nies One Te piece of iron is attracted to 
a bar magnet. Explain the origin of this attractive force. 
(Roorkee, 1980) 

Ans. An atom is equivalent to a current loop and hence 
behaves as a tiny magnet. In an unmagnetised piece of iron 
(or in the absence of an external magnetising field), these 
current loops are so oriented that the iron piece does not have 
any net magnetism. 

When unmagnetised iron piece is brought near the bar 
magnet, the current loops located at the ends of the bar 
magnet and the iron piece facing each other align themselves. 
When they do so, the currents in the current loops happen to 
be in the same direction and as a consequence, the attractive 
force occurs between the two. 

Q. 3.02. Must every magnetic field configuration have 
a north pole and a south pole ? What about the field 
due to a toroid ? (Text Question) 


For Gmbitious, brilliant & & Curious Students 


Ans. It is not necessary that every magnetic fiel« 
configuration must have a north pole and a south pole. Th 
poles exist only, if the source has a net non-zero magneti 
moment. 

A toroid and infinite straight conductor do not have 
north and south poles. 
oe Q. 3.03. Can you think of a magnetic field configu 

ration with three poles ? (Text Question 

Ans. Magnetic poles always occur in pairs. However, twe 
bar magnets can be arranged to produce a magnetic fielc 
configuration of three poles. It can be done by putting nortl 
poles or south poles of the two magnets together. 

Q. 3.04. Magnetic field arises due to charges in motion 

Can a system have magnetic moment, even though it: 
net charge is zero ? (Text Question. 

Ans. A system can have a magnetic moment ever 
though its net charge is zero. It is because, the average charg 


\ it t] 

moments due to various $ current feope wie also be zero. For 
example, a neutron has zero charge, but possesses non-zero 
magnetic moment. 
Q. 3.05. An iron bar is magnetised with the help of 
another magnet or by subjecting it to a magnetising 
field. The magnetism acquired by the magnet is assumed 
due to the alignment of molecular magnets. Does the length 
of the iron bar undergo a change during the magnetisation 
process ? 

Ans. Yes, the length of the iron bar increases in the 
direction of magnetisation. This effect is called magneto- 
striction and is used for producing ultrasonic waves. 

Q. 3.06. Magnetic field lines show the direction (at 

every point), which a small magnetised needle takes 
up (at the point). Do the magnetic field lines also represent 
‘the lines of force’ on a moving charged particle at every 
point ? (Text Question) 

Ans. Force on a charged particle moving in a magnetic 
field is given ie 


Fy =¢ (0 xB) 


~ 
Therefore, force F is always normal to B i.e. lines of force 


ona moving charged particle are normal to the magnetic field 
lines. Hence, the lines of force do not represent magnetic field 
lines. 

Q. 3.07. If a magnetic needle is secured to a cork and 

the cork is floated on water, the terrestrial magnetic 
field will cause the needle to turn and set itself along the 
magnetic meridian, but the needle will not move north- 
wards or southwards. If a bar magnet is placed near the 
needle, the needle will set itself in the direction of the lines 
of force and will begin to move toward the magnet. What 
are the reasons for the different behaviour of the needle in 
the magnetic fields of the earth and the magnet ? 

Ans. In the region of the dimensions of the magnetic 
needle, the magnetic field of earth is practically uniform i.e. 
its intensity remains constant both in magnitude and 
direction. For this reason, the magnetic field of earth produces 
only a torque and no net force on the magnetic needle. As a 
result, the magnetic needle sets itself along the magnetic 
meridian and does not move northwards or southwards. 

In the region of the dimensions of the magnetic needle, 
the magnetic field of the magnet is heterogeneous. The 
intensity of the magnetic field of the magnet at one end of the 
magnetic needle is stronger than that at the other. Asa result, 
the magnetic field of the magnet exerts a torque and a net 
resultant force on the magnetic needle. The torque on the 
needle makes it to set in magnetic meridian and the resultant 
force produces translational motion. 

Q. 3.08. The poles of a magnet cannot be separated. 
How does this statement derive support from the 
magnetic dipole bahaviour of a current loop ? 

Ans. A current loop behaves as a magnetic dipole. Its one 
face behaves as n-pole, while the other as s-pole. As the two 
faces of the current loop cannot be separated from each other, 
it follows that the magnetic poles developed on the two faces 
also cannot be separated from each other. __ 
ee Q. 3.09. Magnetic field lines can be entirely confined 

within the core of a toroid, but not within a straight 


solenoid. Why ? (Text Question) 


s. If the fie es were entirely confined between the 
two vende of a straight solenoid, the flux through the cross- 
section of the solenoid at each end would be non-zero. But 
the flux of a field through any closed surface must always be 
zero. Since toroid has no ends, it can entirely confine the field 
in its core. 

Q. 3.10. An electron in the ground state of hydrogen 
atom is revolving in anticlockwise direction in a 
circular orbit. The atom is placed in uniform magnetic 


ya 
induction B , such that the plane normal to the electron orbit 


makes an angle of 30° in the magnetic induction. Find the 
torque experienced by the orbiting electron. 


(LLT. 1996) 
Ans. The magnetic moment of the electron in an 
hydrogen atom is given by 
beet 
An m, 


The magnetic moment vector of the electron is directed 
along normal to the plane of the electron orbit. 


When the atom is placed in magnetic field B , such that 


plane normal to the electron orbiti.e. magnetic moment vector 
of the electron makes an angle of 30° with the magnetic 


Ls 
induction B , the magnitude of the torque experienced by the 
orbiting electron is given by 
t=|M Bsin 30° |= a3 - Bx by at 
4mm, 2 8mm, 
Q. 3.11. Two particles, each of massm and charge q are 
attached to the two ends of a light rigid rod of length 
2 R. The rod is rotated at constant angular speed about a 
perpendicular axis passing through its centre. Find the ratio 
of the magnetic moment of the system and its angular 
momentum about the axis through the centre of the rod. 
(LLT. 1998) 
Ans. Suppose that the rod is rotated at constant angular 
speed @ about the perpendicular axis ZZ’ through its centre 
[Fig. 3.21]. 


Fig. 3.21 
Angular momentum of the system of two particles about 
LL; 


L=mRo+mRo=2mRo 
When the rod is rotated, the two charged particles move 
along a circular path of radius R with linear speed R @. If T 
is period of revolution of the rod, then a charge equal to q 
crosses any point on the circular path after a time, 


eh 1(28 1 
2 da 2 i) 


equivalent to current, 


Thus, rotational motion of the charged particles is 


1-4-4 4 


PEM a Te 


Therefore, magnetic moment of the system, 


qw 


M=I1A=+—xaR?=qR’o 
It 
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List the main properties of a magnet. 

Explain the magnetism on the basis of atomic theory. 
What is magnetic pole ? Express mathematically the force 
between two magnetic poles placed a finite distance apart. 
Hence, define unit magnetic pole strength. 

What is a magnetic dipole ? Define magnetic dipole 
moment. Give its S.I. unit. 

What are magnetic field lines ? Give their important pro- 
perties. (H.S.S.C.E. 1994) 
Derive an expression for the magnetic field due to a 
magnetic dipole in broad-side on position at a distance r 
from its centre. The length of the dipole is 2 | and its 
magnetic moment is M. (I.S.C.E. 1998) 
Obtain an expression for the torque acting on a magnetic 


#. 
dipole placed in a magnetic field B , making an angle 0 


with the field. (H.P.S.S.C.E. 2000) 
Derive an expression for the torque experienced by a 
magnetic dipole in a uniform magnetic field and hence 


What is a magnetic dipole ? Obtain expression for the 
strength of magnetic field at a point at distance r from its 
centre on (i) axial line and (ii) equitorial line. Find the 
strength of the field in special case, when the length of the 
magnet is very small as compared to the distance r. 

(a) Derive an expression for the torque acting on a bar 
magnet, when placed at an angle 0 with the direction of 
the uniform magnetic field. Hence define magnetic dipole 
moment of the magnet. 


bey A. On Force between Magnetic poles 


Two magnetic poles, one of which is four times stronger 


Gauss’s law of magnetism be modified ? 


(Text Question) - 


Ans. Gauss’s law of magnetism states that the flux 
through any closed surface is always zero. If monopole 


existed, then fp L aS would not be zero but it would be equal 


to the magnetic flux due to monopole enclosed by the closed 


surface. 


FREQUENTLY ASKED SHORT ANSWER QUESTIONS 


10. 


11. 


12. 


13. 


14. 


FREQUENTLY: ASKED LONG ANSWER QUEST 


FREQUENTLY ASKED NUMERIC 


than the other exert a force of 5 gf on each other, when — 


placed at distance of 10 cm in air. Find the strength of each 

pole. [Ans. 35 A m, 140 Am] 

Two like magnetic poles of strength 25 Am and 64 Am 

are situated 1-0 m apart in air. At what point on the line, 
joining the two poles, the magnetic field will be zero ? 

[Ans. Either at 0-385 m from pole of 25 A m (towards 

64 Am) or at 1:667 m from pole of 25 Am 

(on the other side of 64 A m)] 

Two identical magnets with a length 10 cm and weight 

50 gf each are arranged freely wih their like poles facing 

ina vertical glass tube [Fig. 3.22]. The upper magnet hangs 

in the air above the lower one so that the distance between 


Carrying 3 Marks 


define magnetic dipole moment. (H.P.S.S.C.E. 1996) 
Derive an expression for torque acting on a bar magnet 
held at an angle with the direction of the uniform niagnetic 
field. (H:S.S. CE, 1992) 
Derive expression for potential energy of a bar magnet, 
when placed in a uniform magnetic field. 
(PS.S.CE. 2001 ; H.PS.S.C:E. 1998 S) 
A current loop behaves as a magnetic dipole. Obtain 
expression for magnetic dipole moment of a current loop. 
In a hydrogen atom, an electron of charge e revolves in an 
orbit of radius r with a speed v. Prove that the magnetic 
moment associated with the electron is given by — 
(C.B.S.E. 2002) 
Derive an expression for the magnetic dipole moment of 
an atom. (HPSS. CE. 1999)S) 
Explain how does an atom behave as magnetic dipole. 
Derive an expression for its magnetic dipole moment. 


ONSi:8 ees 
Carrying 5 Marks 


(b) Find the amount of work done in rotating a magnet 
through angle @ against the torque acting due to uniform 
magnetic field. What happens to the work done ? 

(a) Derive an expression for the torque acting on a bar 
magnet placed in the uniform magnetic field. 

(b) Compare the magnetic fields of a bar magnet and 
current carrying solenoid. (P.S.S.C.E. 2001) 
Explain how does an atom behave as magnetic dipole. 
Derive an expression for the magnetic dipole moment of 
the atom. Also define Bohr magneton. (PS.S.C.E. 2001) 


For Practice 
the nearest poles of the magnets is 3 mm. Determine the 


pole strength of the poles of these magnets. 
[Ans. 6-64 A m] 


3mm 


Fig. 3.22 


4. Amagnetised steel wire 31-4 cm long has a pole strength 


of 0-2 Am. It is then bent in the form of a semicircle. 
Calculate the magnetic moment of this needle. 

[Ans. 0-04 A m7] 
Two thin bar magnets of pole strengths 4 Am and 7 Am 
respectively and lengths 0-21 m and 0-12 m respectively are 
placed at right angles to each other with the N-pole of the 
first touching the S-pole of the second. Find the magnetic 
moment of the system. [Ans. 1-19 A m2] 


Type C. On Magnetic field due to a Bar magnet 


6. Abar magnet is 0-1 m long and has a pole strength of 


10 Am. Calculate the magnetic field at a distance of 0-2 m 
from its centre at a point (i) on its axis and (ii) on its right 
bisector through the centre. 

[Ans. (a) 2:84 x 10° T ; (b)1-14 x 10° T] 


7. Ashort bar magnet has a magnetic moment of 0-48 J ‘est 


Give the direction and magnitude of the magnetic field 
produced by the magnet at a distance of 10 cm from the 
centre of the magnet on (i) the axis (ii) the equitorial line 
of the magnet. (Text Problem) 

[Ans. 9-6 x 10 T (parallel to M 


4-8 x 10~ T (opposite to M)I 


8. Two short bar magnets of magnetic moments 96 A m? and 


81 Amare placed along mutually perpendicular straight 
lines meeting at a point P. Find the magnetic field at point 
P if it lies at distances of 0-4 m and 0-3 m respectively from 
the centres of the two magnets. [Ans. 6-7 x 104 T] 


9. Two short bar magnets N, S; and N, S, of magnetic 


moments 32 A m2 and 27 A m? are placed on the table as 
shown in Fig. 3.23. Find the magnitude and direction of 
the magnetic fields produced by these magnets at point FP 
located on equitorial lines of both the magnets at distances 
of 0-4 m and 0-3 m respectively from their centres. 

[Ans. 1-12 x 10+ T (making an angle of 63-4° with N,5,) 


S; 
behooves BAL UM steer 
03m 
N, 
No ' So 
Fig. 3.23 
Type D. OnTorque on a Bar magnet 


10. A short bar magnet placed with its axis at 30° with a 


uniform external magnetic field of 0-25 T experiences a 
torque of magnitude equal to 4-5 x 107 2]. What is the 
magnitude of magnetic moment of the magnet ? 

(Text Problem) [Ans. 0:36A m7] 


11. A magnetised needle of magnetic moment 4:8 x 107 2 a ta 


is placed at 30° with the direction of uniform magnetic field 
of magnitude 3 x 10 T. Calculate the torque acting on the 
needle. (C.B.S.E. 2001 S) [Ans. 7:2 x 10 N m] 


12. Ashort bar magnet of magnetic moment 0-9 J T 1 is placed 


with its axis at 60° to a uniform magnetic field. It 
experiences a torque of 0-063 N m. (i) Calculate the 
strength of the magnetic field and (ii) what orientation of 
the bar magnet corresponds to its equilibrium position in 
the magnetic field ? (C.B.S.E. 2000) 


> 5 
[Ans. (i) 0-081 T (ii) when MII B] 


2B. 


14. 


Aclosely wound solenoid of 2000 turns and area of cross- 
section 1-6 x 10-4 m2, carrying a current of 4-0 Ais 
suspended through its centre allowing it to turn ina 
horizontal plane. 
(a) What is the magnetic moment associated with the 
solenoid ? 
(b) What is the force and torque on the solenoid, ifa 
uniform horizontal magnetic field of 7-5 x 10 T is set up 
at an angle of 30° with the axis of the solenoid ? 

(Text Problem) [Ans. (i) 1-28 A m? (ii) 0, 0-048 N m] 
A closely wound solenoid of 800 turns and area of cross- 
section 2-5 x 10+ m2 carries a current of 3-0 A. What is its 
associated magnetic moment? If the solenoid is free to turn 
about the vertical direction and a uniform horizontal 
magnetic field of 0-25 T is applied, what is the magnitude 
of torque on the solenoid, when its axis makes an angle of 
30° with the direction of the applied field? (Text Problem) 

[Ans. 0-6 Am? ;7-5 x 10* Nm] 


Type E. On Potential energy of a Bar magnet 


15. 


18. 


Calculate the work done in rotating a bar magnet of 
magnetic moment 3 J T" through an angle of 60° from its 
position along a magnetic field of strength 0-34 x tireye 
[Ans. 5-1 x 10° J] 

A circular coil of 100 turns and having an effective radius 
of 5 cm carries a current of 0-1 A. How much work 
is required to turn it in an external magnetic field of 1-5 
Wb m~ through 180° about an axis perpendicular to 
magnetic field. The plane of the coil is initially perpen- 
dicular to the magnetic field. (Roorkee, 1986) 
[Ans. 0-2356 J] 
A short bar magnet of magnetic moment 0-32 J Tis 
placed in a uniform external magnetic field of 0-15 T. If the 
bar is free to rotate in the plane of the field, which orien- 
tations would correspond to its (i) stable and (ii) unstable 
equilibrium ? What is the potential energy of the magnet 
in each case ? (Text Problem) 

= = 
[Ans. (i) M parallel B, — 4:8 x 107 J; 
=> = 

(ii) M antiparallel B, 48 x 107 J] 

A short bar magnet placed with its axis at 30° with a 
uniform externai magnetic field of 0-16T experiences a 
torque of magnitude 0-032 N m. (a) Estimate the magnetic 
moment of the magnet. (b) If the bar were free to rotate, 
which orientations would correspond to its (i) stable and 
(ii) unstable equilibrium ? What is its potential energy in 

the field for cases (i) and (ii) ? 


3 > 
[Ans. (a) 0-4 A m2; (b) (i) m parallel B, - 0-064 J 
= = 
(ii) mantiparallel B, + 0-064] 


Type F. On Magnetic moment of a current loop 
19. 


20. 


A planar loop of irregular shape enclosed an area of 

7-5 x 104 m2 and carries a current of 12 A. The sense of 

flow of current appears to be clockwise to an observer. 

What is the magnitude and direction of the magnetic 
moment vector associated with the current loop ? 

(Text Problem) 

[Ans. 9 x10 A m2, normal to plane of loop 

and away from observer] 

A circular coil of 300 turns and diameter 14 cm carries a 

current of 15 A. What is the magnitude of magnetic 

moment associated with the coil ? (Text Problem) 

[Ans. 69:3 A m?] 


22. 


23. 


24. 


25. 


26. 


7 fh 


An electron in an atom revolves around the nucleus in an 
orbit of radius 0-5 A. Calculate the equivalent magnetic 
moment, if the frequency of revolution of electron is 
101° MHz. (C.B.S.E. 1998) [Ans. 1-26 x 10-7 A m?] 
In a hydrogen atom, the electron moves in an orbit of 
radius 0-5 A making 10! r.p.s. Calculate the magnetic 
moment associated with the orbital motion of electron. 
(LT. 1988) [Ans. 1 - 26 x 10-23 A m2] 
In hydrogen atom, an electron is making 6- 6 x 10! r-p.s. 
around the nucleus in an orbit of radius 0-523 A. Calculate 
the equivalent magnetic dipole moment. (C.B.S.E. 1992) 
[Ans. 9:07 x 10-*4 A m?] 
The electron in the hydrogen atom is moving with a speed 
of 2:3 x 10° m7 in an orbit of radius 0-53 A. Calculate the 
magnetic moment of the revolving electron. 
(Roorkee, 1990) [Ans. 9-75 x 10-74 A m?] 


MISCELLANEOUS PROBLEMS 


Earth’s magnetic field may be supposed to be due toa 
small bar magnet located at the centre of the earth. If the 
magnetic field at a point on the magnetic equator is 0-3 G, 
what is the magnetic moment of such a bar magnet ? What 
is the magnetic field at the north pole ? Given, radius of 
earth = 6-4 x 10° m. (LLT. 1973) 
[Ans. 7-864 x 107? A m?, 0-6 G] 
A short magnet of magnetic moment 2 A m¢ is lying in a 
horizontal plane with its north pole pointing 60° east of 
north. Find the net horizontal magnetic field at a point 
north of the magnet 0-2 m away from it. Horizontal 
component of earth’s magnetic field = 0-3 x 10+ T. 
(Roorkee, 1991) 
[Ans. 0:59 x 10 T, 21-48° west of north] 
Abar magnet with poles 25 cm apart and pole strength 14-4 
A m rests with its centre on a frictionless pivot. It is held 


Here, F = 5 gf =5 x 10 kgf =5 x 10°3x 9-8N; 
r=10cm =0-1m 
Let m and 4 m be strengths of two poles. 


Now, pao. mx4m 
4n r 


10°? xmx4m 

(0-1) 
or m=35Am and 4m=4x35=140Am 
Here, m, = 25 Am; m, = 64 Am and r= 1-0 m 


m, mM 
EE AA Sa SOS he SS eo 
A O B 


je a ee ey ye Se 
ee eee 
Fig. 3.25 
Let magnetic field be zero at point O, such that AO = x. 


or 5x10-°x9°8 = 


They Ho Hoge s 25 _ «4 
‘4a x2 40 (r—x)? xe (eo 4" 

or 64 x2 = 25 (1-0 — x)? or 8x=+5(1-0-x) 

or 8x=5(10-— x) or -—5(10—x) 

or x= 0-385 m or -—1-667m 


Since length of the magnets is quite large as compared to 
separation between them, the interaction is effective only 
between their N-poles. 


SOLUTIONS/HINTS TO NUMERIC 


29. 


induction 0:25 T by applying a force F at right angle to its q 
axis, 10 cm from its pivot. Calculate F ? What will happen, 
if the force is removed ? (LLT. 1978) 


. 6-24 N, the bar magnet will tend to align along the field] 


Two small bar magnets each of magnetic moment12:5A m* 
are placed at the opposite corners A and C of the square 
ABCD as shown in Fig. 3.24. The length of the side of the 


10cm 


pat 
D 10cm NCE S> 
Fig. 3.24 ; 
square is 10 cm. Find the magnitude and direction of 
the magnetic field due to these magnets at the corners B 
and D. 
[Ans. 1-77 x 10-° T (making an angle of 45° with BC, 
3-54 x10-° T making an angle of 45° with DA) 
A small coil of radius 0-002 m is placed on the axis of a 
magnet of magnetic moment 10°J T-! and length 0-1 m at 
a distance of 0-15 m from the centre of the magnet. The 
plane of the coil is perpendicular to the axis of the magnet. 
Find the force on the coil, when the current of 2-0 A is 
passed through it. (Roorkee, 1989) [Ans. 4-4 x 10-3N ] 


>AL PROBLEMS F 


Let m be strength of the poles of the two magnets. Then, 
Ho .mxm 
4n 

Here, weight of the magnet = 50 gf = 50 x 109 kgf 

= 50 x 103 x 9-8N 


= weight of the magnet 


and r=3mm=3x10°m 
a7 2 
ae = 50 X 10°°x9-8 or m=664Am 
(3x10 ~) 
Proceed as in SAQ 3.04. 


M, = 4x 0-21 = 0:84 Am? and M, = 7 x 0-12 = 0-84 A m2 
Let M be the magnetic moment of the combination of two 
magnets placed at right angles to each other. Then, 


M= (M2 +M,? = J(o-84)? + (0-84)? =1-19 A m2 
Proceed as in solved problem no. 3.04. 
Orinapes id ane T ee rose 
4n + (10 x 10-*) 
= 9.6 x 10° T (parallel toM ) 
M_ 10-7 x 0-48 
mi an (10x10) 


> 
=48x10°T (opposite to M ) 
The two magnets are placed as shown in Fig. 3.26 : 


--- Recon Ran 


Sy m,=96Am Ny 


Fig. 3.26 
The point P lies on axial line of both the magnets. 
Let B, and B, be magnetic fields at point P due to the 
magnets N, S, and N, S, respectively. Then, 


_ fo 2M, _ 10°’ x2x 96 


= 
y A Ge (0-4)° 
=3x104T (along PX) 
= 
oi cfc ape each eta 
AN 15 (0-3) 
=6x10 *T (along PY) 


Therefore, resultant magnetic field at point P, 


B= By? + By? = (3x 10-4)? + (6x 10-4)? = 6-7 x 10°T 


As shown in Fig. 3.27, the point P lies on the equitorial line 
of both the magnets. 


4 
S; 
1 
1 
T,=0'4m 
i, 232.Am pee 
1 
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N, 
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Fig. 3.27 


Let B, and B, be magnetic fields at point P due to the 

magnets N, S, and N, S, respectively. Then, 

_ Mo My _ 1077 x 32 
4x n> (0-4) 

-7 

M2 = 10 — = 10~* T (along PX) 

4a 1° (0-3) 

Therefore, resultant magnetic field at point i 


B= \B2 +By2 = (0-5 x 10-4)? + (10-4)? = 112 To 


If the direction of B makes an angle @ with the X-axis 
(or N, S,), then 


By =0-5x10-* T (along PY) 


chit toast nukes. The 9 or 0@=63-4° 
Proceed as in solved problem no. 3.06. 
Proceed as in solved problem no. 3.07. 
Proceed as in solved problem no. 3.08. 
Proceed as in solved problem no. 3.14. 


16. 


173, 


25. 


26. 


ob 14 
Proceed as in solved problem no. 3.09. 
M=nIA=100 x 0-1 x 2 x (0-05)? = 7-854 x 10-7 A m? 
W =MB (cos 6; — cos 44) 

= 7-854 x 10° x 1-5 (cos 0° — cos 180°) 

= 7-854 x 102 x 1-5 [1 — (-1)] = 0-2356 J 

4 = 

(i) When M is parallel to B, the magnet is in stable 
equilibrium. 
U =—-MB=-0:32 x 0-15 = — 4-8 x 107 J 


= => 
(ii) When M is antiparallel to B, the magnet is in unstable 
equilibrium. 
U =MB=0:32 x 0-15 = 48 x 107J 
(a) Proceed as in solved problem no. 3.06. 
(b) Proceed as in problem no. 16. 
M=I1A=12x7-5 x 104=9 x 103A m? 
The direction of magnetic moment is perpendicular to the 
plane of the loop and away from the observer. 
Proceed as in solved problem 3.10 (b). 
Proceed as in solved problem 3.11. 
Proceed as in solved problem 3.11. 
Proceed as in solved problem 3.11. 
Period of revolution of electron, 


_2ar_20x0-53 x10" 
v 2-3 x 10° 
The orbital motion of electron is equivalent to current, 

SW cai 
Lasting yaa 
T 1-448 x 10 
Therefore, magnetic moment of the revolving electron, 
M=1A=I1 x wr? =1-105 x 10° x x x (0-53 x 10-1) 
= 9-75 x 10-74 Am? 
A point on equator lies on the equitorial line of magnet and 
at a distance equal to radius of the earth. Therefore, 


i =1-448 x107!*s 


=1-105 x10-2 A 


Bequi = 0:3 G = 03 x 104 T jr = 6-4 x 10° m 
For a short bar magnet, 
lo M eS (eee 
B gat pena a “> xX 4 = 
mi ag A ee eae Py 2037 


or M= 7-864 x 1072 A m? 
The point at the north pole of the earth lies on its axial line 
at a distance equal to radius of the earth. 
For a short bar magnet, 
Byxial = 2 Begui (at the same distance) 

=2x0-3=06G 
The magnet NS of magnetic moment M is placed with its 
north polé pointing 60° east of north as shown in Fig. 3.28. 

N 


Pan 


The point P lies at a distance OP = 0-2 m north of the 
magnet. 
Here, M = 2 Am*, B,; = 0:3 x 104T 

The magnetic moment M of the magnet NS can be resolved 
into two components : 

@ M sin 60° along EW-line and 

(ii) M cos 60° along NS-line. 

In other words, magnet NS of magnetic moment M placed 
60° east of north can be replaced by two magnets N,S, (of 
magnetic moment M sin 60° placed along EW-line) and 
N,S, (of magnetic moment M cos 60° placed along NS- 
line). Let B, and B, be magnetic fields at point P due to 
magnets N,S, and N,S, respectively. Then, 


_ Ho Msin60° 10°’ x 2xsin 60° 


By 


4x (OPy (0-2)° 
= 0-2165 x 104 T 
and B, = H0.. 2Meos 60° _ 107” x 2x 2x cos 60° 
4° (OP? (0-2)° 
= 0-25 x 104T 


Resultant magnetic field at point P, 


B= \(B)? + (By + By)” 


= J(0-2165 x 10-4)? +(0-25 x 10-4 +0-3 x 10-4)? 


= 0-59 x 104 T 

Suppose that resultant magnetic field B is 6° west of north 
as shown in the figure. Then, 

Br 0-2165x 10-4 
Bo +By  0-25x10-* +03 x10 * 
or 6=21-48° (west of north) 
Here, m= 14-4 Am;21=25 cm =0-25 m, B=0-25 T 
The magnet is held in equilibrium at 60° to the direction 
of magnetic field B by applying force F as shown in Fig. 
3.29. 


tan 0= = 0-3936 


Fig. 3.29 


28. 


29. 


or the equilibrium of the che. ee 
F x ON=MBsin@ or Fxl=(mx2DBsin 
or F=2mBsin 60° =2 x 14-4 x 0-25 x sin 60° = 6-24 
If the force is removed, magnet will tend to align itsel: 
along the magnetic field. 

To find magnetic field at point B, proceed as in problem 
no. 9 and to find magnetic field at point B, proceed as in 
problem no. 8. 

The circular coil carrying current is placed on the axis of 
the magnet as shown in Fig. 3.30. 


a 


Fig. 3.30 

Here, a = 0:002 m,l=2 A;21=0-1m;r=0-15m 
and M=10°J T! 
Therefore, pole strength of the magnet, 

5 
Bid ea I 

ZT \eOrd 

Magnetic field at a distance x from the centre of a curren 
carrying coil of radius a, 


m 


2 

- fees @<<x) 
If B, and B, are magnetic fields due to the coil at north anc 
south poles of the magnet, then force on the magnet due 
to coil, 

F=mB,-mB, 
According to Newton’s third law, magnet will exert ar 
equal and opposite force on the coil. Therefore, force or 
the coil due to the magnet, 

F=mB,-—mB,=m (B, —-B,) 


=n) 2a1a* Ho aa] 


B 


An (—-D> 42 (4+)? 
= 0 an, a%m . _ : 
4n (r-D> (r+D? 


=10-’ x 2a x 2x (0-002)? x 10° 


“ 1 1 : 
(0-15 —0-05)? (0-15 +0-05) 
= 5-026 x 10-7 (1000 — 125) = 4-4 x 103 N 


ge 4.01. EARTH’S MAGNETISM 

Whenever a bar magnet is suspended freely (near the equator), its N-pole points 
wards the geographical north and S-pole towards the geographical south of the 
rth. William Gilbert suggested that earth itself behaves as a huge magnet. It was 
sumed that a huge magnet is lying deep inside the earth with its S-pole towards 
e geographical north and N- pole towards the south of the earth. It, then, easily 
plains as to why the N-pole of a freely suspended bar magnet always points 
wards the geographical north of the earth. It may be pointed out that the line 
ining the geographic north and south of the earth, called geographic axis (or 
2ographical N-S line) makes a small angle (~ 20°)with the magnetic axis (or 
agnetic N-S line). Fig. 4.01 represents the magnetic field lines around the earth. 

The axis of rotation of earth is called geographic axis and the points, where it 
its the surface of earth are called geographic poles. The points N and S represent 
1e geographic north and south poles. The great circle on the earth’s surface 
erpendicular to the geographic axis is called equator. 

Avertical plane passing through the geographic axis is called the geographic meridian. 

The axis of the huge magnet assumed to be lying inside the earth is called 
agnetic axis of the earth and the points, where the magnetic axis cuts the earth’s 
irface are called earth’s magnetic poles. The points N’ and S’ indicate the magnetic 
orth and south of the earth. The great circle on the earth’s surface perpendicular 
) the magnetic axis is called magnetic equator. 

A vertical plane passing through the magnetic axis of the earth is called magnetic 
\eridian. 

The geographic and magnetic axis of the earth do not coincide with each other. 
he magnetic axis of earth makes an angle of about 20° with the geographic axis. It 
sllows that when a magnet is freely suspended, its north pole will point towards 
1agnetic south (S’) and south pole towards magnetic north (N’). In other words, 
he poles of a freely suspended magnet only approximately point towards 
eographic north and south. The magnetic north and south poles are in fact at a quite 
urge distance from the geographic poles. At present, the magnetic south pole is 
ycated in Northern Canada and is about 1600 km from the geographic north at 73° 
orth lattitude and 96° west longitude. The north magnetic pole is at the 
iametrically opposite point i.e. at 75° south lattitude and 84° east longitude. 

Cause of earth’s magnetism. It may be pointed out that the source of earth’s 
nagnetism is not a large solid mass of magnetic material located inside the earth. 
t is guessed that earth’s magnetism is due to molten charged metallic fluid. It 
‘ives rise to a current flowing inside the core of the earth. This core has a radius of 
bout 3500 km. Upto a distance of about 3 x 104 km (= five earth’s radii), the 
nagnetic field is entirely due to earth’s magnetism. At larger distances, the motion 
f the ions influence the earth’s magnetic field. The motion of the ions is affected by 
thin hot gas expelled by the sun, called solar wind. 

Prof. Blackett studied earth’s magnetism in detail and suggested that since 
very substance is made up of charged particles (protons and electrons), hence a 
ubstance rotating about an axis will become magnetised. The earth’s magnetism 
s also due to the rotation of the earth about its own axis. 

There is another theory about the earth’s magnetism. The gases in the 
itmosphere are in the ionised states. The high energy radiation coming from the 
sun ionises the atoms in the upper part of the atmosphere. The radioactivity of the 
4tmosphere and cosmic rays also ionise the gases in the atmosphere. Hence, due 
o rotation of the earth, strong electric currents flow. Due to action of these currents, 


he earth is magnetised. 
427 
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The earth’s magnetism cannot be due to 
the magnetisation of iron deposits inside 
the earth. It is because iron (if magnetised) 
can not retain magnetism at the high 
temperature inside the earth. 


of iron and nickel. Due to rotation, the earth behaves as a dynamo and becomes 


magnetised. 
al 4.02. MAGNETIC ELEMENTS 

The physical quantities, which determine the intensity of earth's total magnetic field 
completely (both in magnitude and direction), are called magnetic elements. 

Following are three magnetic elements of earth : 

1. Magnetic declination. Declination at a place is the angle between the geographic 
meridian and the magnetic meridian. It is denoted by 0. 

If ABCD and AB’C’D represent magnetic and geographical meridian, then 
Z BAB' = @ represents the magnetic declination [Fig. 4.02]. 

2. Magnetic inclination or dip. Dip at a place is defined as the angle made by the 
direction of the earth’s total magnetic field with the horizontal direction. It is denoted by 5. 

Suppose that a small bar magnet is suspended freely at point A and it points 
in direction AP. Then, AP is the direction of the intensity of earth’s total magnetic 
field (B). The line AP lies in magnetic meridian. 

Consider that AB is a horizontal line in the magnetic meridian. Then, Z BAP 
= drepresents the dip at point A. 

3. Horizontal component of earth’s magnetic field. It is the component of earth's 
magnetic field along the horizontal direction. 

It is denoted by Bj. 

Drop PL perpendicular to AB and PM perpendicular to AD. 


Then, AL and AM represent horizontal component (B,;;) and vertical 
component (B,,) of earth’s total magnetic field. In right angled triangle ALP, 


cos 6 = ae wicist 
B 
or By = Bcos 6 ...(4.01) 
Also, sing ee -AM J By, 
AP “AP B 
or By =Bsin 6 .--(4.02) 


Squaring and adding the equations (4.01) and (4.02), we have 
B,;° + By” = B? cos” 5+ B* sin? 6 = Bt 


or B=, B,;2 + By? (4.03) 


Dividing equation (4.02) by (4.01), we have 


Bsindé | By 
Bcosd By 
or tan 6 = ad ... (4.04) 
By 
M8 4.03. NEUTRAL POINT ANDTO FIND MAGNETIC MOMENT OF ABAR 
MAGNET 


Neutral point. A neutral point in the magnetic field of a bar magnet is that point, 
where the field due to the magnet is completely neutralised by the horizontal component of 
earth’s magnetic field. 


Thus, at the neutral point, the magnetic field due to the bar magnet (B) is just : 
equal and opposite to the horizontal component of earth’s magnetic field (B,,) i.e. _ 


B=By ..(4,05) 


To find magnetic moment of a bar magnet. The magnetic moment of a bar D 
magnet can be found by plotting magnetic field of the magnet, locating the neutral — 


points and then using the equation (4.05). 


(a) When magnet is placed with its north pole towards north of the earth. If t 


we plot the magnetic field due to a small bar magnet by placing its north pole 


towards north of the earth, then plot of the magnetic field of the magnet (which is ' 


superposed by earth’s magnetic field) will be as shown in Fig. 4.03. 


The horizontal component of earth’s magnetic field and the magnetic field due | 
to the bar magnet cancel out at the two cross-marks on the equitorial line of the _ 


magnet (the normal bisector of the magnet) and these points are called neutral points. 


Let r be distance of a neutral point from the centre of the magnet. As the neutral = 
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Key point 
The direction of horizontal component of | 
earth’s magnetic field is from geographic — 
south to geographic north above the? 
surface of earth. 


Watch out! 
A magnet suspended freely at equator 
will orient itself parallel to the surface of 
earth, while one suspended ¢ at pele wi 
stand vertically ! 
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itorial line of the magnet, the magnetic field due to the magnet 
1e neutral point is given by 
phe ok Tl hat tear 
el An (r2 + [23/2 " 
where M is magnetic dipole moment of the magnet. 
Since at the neutral point, magnetic field due to the magnet is equal to By, we 
e 


Ho M me 
aes GPa =By ...(4.06) 


In case, if the magnet is so small that /? can be neglected as compared to 72, then 
Hy M 
—>-— =B .-.(4.07 
4n 7? HB as 


Knowing r and B,,, the magnetic dipole moment of the bar magnet can be 
ulated from the equations (4.06) and (4.07). 

(b) When magnet is placed with its south pole towards north of the earth. The 
of the magnetic field of a bar magnet in this case will be as shown in Fig. 4.04. 

In this case, the neutral points are found to be on axial line of the magnet. If 
tral point is at a distance r from the centre of the magnet, then magnetic field 
to the magnet at the neutral point (point on the axial line of the magnet) is given 


antag SM Tn 
: axial — aa (2 ¥ 12)2 
eases at the neutral point, the magnetic field due to the magnet is equal to By, 
ave 
Hig hee ET es 
In case, if the magnet is so small that 2 canbe neglected as compared to r2, then 


date Saget (4.09) 


AT r 
Knowing r and B,,;, the equations (4.08) and (4.09) can be used to find the 
snetic dipole moment of the bar magnet. 

‘rom the plot of magnetic field in the two cases i.e. when magnet is placed 
ards north of earth and when magnet is placed with its S-pole 
arth, it follows that when magnet is turned through 180°, the 
t hrough 7 : : 

g 4.04. TANGENT LAW 


Tangent law. If a small bar magnet is suspended in two mutually perpendicular 


By ...(4.08) 


= - 
‘orm magnetic fields B and B,,, such that it comes to rest making an angle 0 with the 


ction of field By,, then : 
B=B,, tan@ ...(4.10) 

Proof. Consider that a small bar magnet NS is placed in two uniform magnetic 
ds B and B,, acting at right angles to each other. Let m be the pole strength of 
h pole and 2 | be the length of the magnet. The force on the north pole of the 
onet due to the magnetic field will act along the direction of the field, while the 
e on|south-pole will be along a direction opposite to the direction of the field 
,. 4.05]. Each magnetic field produces a torque on the magnet. The torque due 
he magnetic field B,, tends to rotate the magnet in anticlockwise direction, while 


t due to magnetic field B in clockwise direction. Suppose that the magnet comes. 


he equilibrium position, where it makes an angle@ with the direction of magnetic 
d By 
dare due to the magnetic field By, 
T, =m By x KN 
Torque due to the magnetic field B, 
T=mBxKS 
In equilibrium, Tt =% 
i.e. mBxKS=mByxKN 


points lie on its e 


on rotating the m: 


Key point ff 


When a magnet is placed with its S-pole 
towards north of the earth, neutral points 
are obtained on its axial line. On the other 
hand, when magnet is placed with its N- 
pole towards north of the earth, neutral 


itorial line. Thus, 
placed through 90° 
et through 180°. In 
general, when a magnet is rotated through 
an angle 0, neutral points turn through an 
angle 0/2. : ae 


neutral points 
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But from the right angled triangle S K N, 


KS 
From the above two equations, we have 
B = B,, tan 0 
It proves the tangent law. The above result holds only, when the two magnetic 
fields are uniforin over the entire length of the magnet. 


Ml 4.05. TANGENT GALVANOMETER 

A tangent galvanometer is an instrument used to measure very small currents. 
Further, it is a galvanometer of moving magnet and fixed coil type. 

Principle. It is based on tangent law in magnetism. 

Construction. It consists of a non-magnetic circular frame mounted on a 
horizontal turn table provided with levelling screws [Fig. 4.06]. Three coils having 
2 ; 50 and 500 turns are wound on the circular frame and their ends are connected 
to binary terminals provided over the base of the instrument. The coil can be rotated 
about a vertical axis passing through the centre of the instrument. A circular compass 
box made of non-magnetic material is mounted at the centre of the coil. The compass 
box has a small magnetic needle 1 s pivoted at its centre, which is free to move over 
the horizontal circular scale of the compass box. The circular scale is divided into 
four quadrants of 0° — 90° each. To note the position of the magnetic needle 
accurately, a long aluminium pointer is attached at right angle to the magnetic 
needle. Also, a plane mirror is fixed below the pointer to remove error due to 
parallax, while reading the position of the pointer. The reading of the pointer is taken 
in the position, where the image of the pointer coincides with the pointer itself. 

Setting. The tangent galvanometer is levelled with the help of levelling screws 
and the coil is rotated, till its plane becomes parallel to the length of the magnetic 
needle. In this position, the plane of the coil lies along the magnetic meridian 1.e. 
the horizontal component of earth’s magnetic field is in the plane of the coil. Now, 
the compass box is rotated, so that the pointer comes along 0°- 0° line. 

Theory. When current is passed through the coil, the magnetic field (B) is 
produced at the centre of the coil in a direction perpendicular to the plane of the 
coil. Since, galvar.ometer has been set in a position such that the horizontal 
component of earth’s magnetic field (B;,) is in the plane of the coil ; the magnetic 
needle will be under the action of two mutually perpendicular magnetic fields. If 
0 is deflection of the needle, then according to tangent law, 

B=B,, tan@ 2 (4a) 


If the coil has n turns and radius a, then magnetic field produced at the centre 
of the coil on passing current I is given by 
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MAGNETOMETER 
BOX 


=> LEVELLING 
" SCREWS 
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bs 


or Ati (4.12) 
41 a 
From equations (4.11) and (4.12), we have 
2nnI 
ad yi: = By tan @ 
4n a 
2a 
or [= By tan @ (4.13) 
N Uo 


Knowing a, 1, 0 and B,, (0-32 x 10~ tesla approximately), the value of current 
I through the coil can be calculated. 


n 
In the above equation, the factor Mo isa constant for the given galvanometer 


a 
and likewise it is calied galvanometer constant. It is denoted by G. Therefore, 
equation (4.13) reduces to Key point 


ie Bu tan 0 ...(4.14) | Reduction factor of a tangent galvanc 
G meter depends upon the geometry of it 
H 


B 
Further, the factor —* is called reduction factor of the tangent galvanometer oil. It increases with increase of radiu 


i mee): and decrease in number of turns 7 the co 
and is denoted by K. Therefore, equation (4.14) becomes of the galvan ometer. 


I=Ktan@ *...(4.15) it ae 


If @ = 45°, then I = K tan 45° or K=1 eee 

Thus, reduction facter of a tangent galvanometer is numerically equal to the current 
impere) through the galvanometer, which produces a deflection of 45°, when the plane 
s coil lies in the magnetic meridian. 

g 4.06. VIBRATION MAGNETOMETER 

It is an instrument used to compare magnetic moments of two bar magnets or 
letermine the horizontal component of earth’s magnetic field. 

Principle. It is based on the principle that when a bar magnet suspended freely in a 
‘orm magnetic field is displaced from its equilibrium position, it starts executing simple 
nonic motion about the equilibrium position. 

Construction. A vibration magnetometer consists of a wooden box with its 
25 made of glass. A long brass or glass tube is fixed vertically at the top of the 
. At the upper end of tube, a screw is provided to suspend an unspun silken thread 
iair of a horse. The lower end of the silken thread carries an arrangement, called 
rup (a hook of peculiar shape and made of non-magnetic substance), in which 
magnet can be placed. A plane mirror is fitted over the base of the instrument, 
he centre of which a line is drawn in a direction parallel to its length [Fig. 4.07]. 
s line is called the index line. 

The magnet placed in the stirrup suspends horizontally above the index line. 
en the magnet vibrates, its vibrations can be counted by observing its vibratory 
tion through the glass walls. 

Setting. To set the vibration magnetometer, place the magnetic compass needle 
the index line. The magnetometer is rotated, till the compass needle becomes 
allel to the index line. The line now represents the magnetic N-S line. In order 
nake the suspension fibre torsionless, a brass bar nearly of the size of the magnet 
slaced in the stirrup. The screw is then adjusted to bring the brass bar in the 
gnetic meridian. The brass bar is then replaced by the magnet, with its north pole 
inting towards north of the earth. 

Theory. Consider that a magnet having the magnetic dipole moment M is 
ely suspended in earth’s magnetic field B,. In equilibrium position, it will point 
the N-S direction. If the magnet is displaced through an angle 0, a torque equal | 
M B;,; sin 6 acts on it, which tends to bring it back to its equilibrium position. As 
» magnet reaches the mean position, it acquires kinetic energy and overshoots the 
uilibrium position and thus executes oscillations. 

If lis moment of inertia of the magnet about the suspension axis and a, the 
gular acceleration produced, then 

la =-MB,,sin@ 

If @ is small, then sing ~ @ and hence the angular acceleration (in magnitude) 
piven by — 

Me “ou Qo. (4.16) 


; M By . 
For a given magnet, the factor ; H is a constant and therefore, angular 


celeration (a) is directly proportional to angular displacement (9). Hence, the 
riodic motion of the vibrating magnet is S.H.M. Therefore, time period of vibration 
the magnet is given by 


Ta2n | angular displacement _ pe ie 
a 


angular acceleration 
Using equation (4.16), we have 


T=22 : ta 17) 
MBy 


For a rectangular bar magnet, the moment of inertia of the magnet about the 
ds of oscillation through its C.G. is given by 
a? +b? 
I = mass X ; 
12 
here a and b are the geometrical length and breadth of the bar magnet. 


The eae ey eee ed to finc magnetic di a ba 
magnet by noting the period of Sprain. In case eB is not Sects the relation can 
be used to compare magnetic dipole moments of two bar magnets. 

Wl 4.07. USES OF AVIBRATION MAGNETOMETER 

A vibration magnetometer can be used to compare the magnetic moments of 
two bar magnets, to compare horizontal components of earth’s magnetic field at 
two different places ; and together with a deflection magnetometer, it can be used 
to find the magnetic moment of a magnet and the horizontal component of earth’s 
magnetic field at a given place. 

1. To compare magnetic moments of two bar magnets. Let us study the use 
of vibration magnetometer, when the two given bar magnets are of (a) equal sizes 
and (b) of unequal sizes. 

(a) When the bar magnets are of equal sizes. Consider two bar magnets A and 
B of same size and mass. Let M, and M, be the magnetic moments of the magnets 
A and B respectively and I be the moment of inertia of each magnet. 

Set the vibration magnetometer, so that the suspension fibre is torsionless and 
the stirrup rests along N-S line. Place the magnet A in the stirrup and find its time 
period Tj. Then, 

I 


M, By” 
where B,; is horizontal component of the earth’s magnetic field. 
By proceeding in the same manner, find the time period T, of magnet B. Then, 


(4.18) 


Ty = 2 


h=20)|— (4.19) 
M2 By 
Dividing equation (4.19) by (4.18), we have 
[1 , [MiBa _ [Mi 
Ty M> By I M> 
: M, _T% ...(4.20) 


M> ny 

Knowing T, and T,, the ratio M, /M, can be found. 

(b) When the bar magnets are of unequal sizes. Consider two unequal magnets 
A and B having moment of inertia I, and I, and magnetic moments M, and M, 
respectively. 

Set the vibration magnetometer, so that the suspension fibre is torsionless and 
the stirrup rests along the N-S line. By placing the two magnets A and B together 
in the stirrup, so that their like poles are in the same direction [Fig. 4.08], the time 
period T, of the combination is found. Then, 

I 
MB 
where I and M are the vlaues of moment of inertia and magnetic moment of the 


combination of the two magnets. Since the like poles of the two magnets are in same 
direction, 


Ty — ill 


Rady f= 50 Teale ent (4.21) 
(M; +M>) By 


Now, the two magnets are placed in the stirrup, so that their opposite poles 
are in same direction [Fig. 4.09]. If T, is time period of the combination in this case, 
then 

I 
M’ By 

Here, M’ is magnetic moment of the combination of the two magnets in this 

case. Since, the like poles of the two magnets are in opposite direction, 


M’=M,—M, 


T,=22 


Geert SS SESS SS. 
= 


or 


Applying componendo and dividendo, we have 
(M, +M,)+(M;—M>)_T#+T; 
(M,+M2)-(M,-M>) 13-T? 
M, _T+Ty 
M, T3-T? 
Knowing T, andT,, the ratio M, /M, can be found. 
2. To compare horizontal components of earth’s magretic field at two places. 
Consider a magnet having moment of inertia I and magnetic moment M. Let B,, 


and B,,’ be the values of horizontal components of earth’s magnetic field at two 
places A and B respectively. 


If T and T’ are the values of time period of the magnet at the place A and B 


or 


(4.23) 


respectively, then 
I 
M By 


and Bs Oe d 
M By’ 


Dividing equation (4.25) by (4.24), we have 


hal  MBu _ [Bu 
T MB,’ I By’ 


By _T? 
By’ qT? 
Knowing T and T’, the ratio B,,;/B,,’ can be found. 


F524 


or 


(4.24) 


.-(4.25) 


.--(4.26) 


Type A. On Magnetic 

Problem 4.01. The declination at a place is 12°west of 
north. Find in what direction, a ship should stear so that 
it reaches a place due east ? 

Sol. The dotted N-S line represents geographical N S- 
line and the compass needle n s points 12° west of 
geographical north [Fig. 4.10]. Therefore, the ship would 
reach a place due east, if it stears 12° + 90° i.e. 102° with the 
direction of the compass needle. 


"GEOGRAPHICAL 
\e— NS-LINE 


Problem 4.02. A ship is sailing due east according to 
Mariner’s compass. If the declination of that place is 18° east 
of north, what is the true direction of the ship ? 

Sol. The compass needle n s points along magnetic 
N S-line and the ship is sailing along OP i.e. towards east (as 
indicated by compass needle). As the declination of that 
place is 18° east of north, the geographical N-S line is as 
shown by dotted N-S line [Fig. 4.11]. Thus, true direction of 
ship is 18° south of east. 

N 
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Fig. 4.11 
Problem 4.03. Ata certain location in Africa, a compass 
points 12° west of the geographic north. The north tip of the 


magnetic needle of a dip circle p 
magnetic meridian points 60° above the horizontal. The 
horizontal component of the earth’s field is measured to be 
0-16 G. Specify the direction and magnitude of the earth’s 
field at the location. (Text Problem) 

Sol. Here, angle of dip, 6 = 60° 

horizontal component of earth field, B,; = 0-16 G 

Let earth’s magnetic field be equal to B. 


Then By, = Bcos 6 
or gy te Berwin Dek Gan sO AG hye aie 
cosé cos60° 0-5 


Thus, earth’s magnetic field has a magnitude of 0:32 G 
and lies in a vertical plane 12° west of geographic meridian 
making an angle of 60° (upwards) with the horizontal. 

Problem 4.04. The true value of dip at a place is 45°. If 
the plane of the dip circle is turned through 60° from the 
magnetic meridian, what will be the apparent value of the 
dip ? 

Sol. On turning the dip circle through 60°, the apparent 
value of the horizontal component of earth’s magnetic field 
becomes 

BH’ = B,, cos 60° 

However, vertical component of earth’s field remains 

unchanged. If 6’ is apparent value of dip, then 


By’ B 
tan 6’ = = (¢- By’ = By) 

By’ = By, cos 60° 

Now LIN =tan 6, 
By 
where 6 is true dip at that place. 
tan 6 
Therefore, tan 3’ = amet Re = 
cos 60° 0-5 

or 0’ = 63-4° 


Problem 4.05. If 6, and 6, be the angles of dip observed 
in two planes at right angles to each other and 6 is the true 
angle of dip, prove that (P5.S.C1E. 1996) 

cot? 6, + cot?d, = cot?d 

Sol. Let B,, and B,, be the horizontal and vertical 
components of the earth’s magnetic field. As 6 is true angle 
of dip, 

By 
tan 6 = —— ot 
B 

Planes 1 and 2 are at right angles to each other. If plane 
1 makes an angle @ with the magnetic meridian, then plane 
2 will make angle (90° — 6 ) with the magnetic meridian as 
shown in Fig. 4.12. 
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MAGNETIC 
MERIDIAN 


PLANE 1 


Fig. 4.12 
Whereas the vertical component of earth’s magnetic field 
remains unaffected in the two planes, the effective horizontal 


By cos 0 and By sin 0 respectively. Therefore, nee of : 
6, in plane 1 is given by 
B 
tan 6) = ——Y>— 
are By cos 8 re 


Using equation (i), we have 


By 


cos 8 = ————_ 
By tan ¢ 


tan 0; 
Further, angle of dip 6, in plane 2 is given by 
Vv 
By sin 0 
Again using equation (i), we obtain 
tan 6 
tan 05 
Squaring and adding equations (ii) and (iii), we hav 


tan? 6 


tan 0> = 


2 
tan~ 0 ¢ 
=cos* @+sin? 6=1 


tan? 01 tan? 02 
1 1 1 
PU a gaPTOR NG Iy 
tan 01 tan 02 tan~ 0 
or cot” 6, + cot? 6, = cot? 6 
Type B. On Neutral points 
Problem 4.06. A bar magnet 30 cm long is placed int 
magnetic meridian with its north pole pointing south. T 
neutral point is observed at a distance of 30 cm from its 0 
end. Calculate the pole strength of the magnet. Give 
horizontal component of earth’s field = 0-34 G. 
Sol. Here, 2:1} =30 cm or 1 =15 cm =0-15m; 
r =30icm =/0:301Gm) 
By = 0:34 G = 0-34 x 104 T 
When magnet is placed with its north pole pointi 
south, neutral point is obtained on its axial line. Therefo 
at the neutral point, 


or 


or M= 


Ho 2r 
_ 1. 0-34x10~ x 0-307 
ue 2x 0-30 
_ 0-34 10-4 x (0-0675)? 


1077 x 2x 0-30 
The pole strength of the magnet, 


2 M’_ 2°582_ ¢: 6c6 A'm 


ves) 

Problem 4.07. A bar magnet i is 10 cm long. Its magne 
moment is 0-4 A m2. It is placed in magnetic meridian wi 
its north pole towards north. If the neutral point is obtain 
at a distance of 10 cm from the centre of the magnet, fi: 
the horizontal component of earth’s magnetic field. 

Sol. Here, M = 0-4 A m*?;r=10cm=0-1m; 

21=10cm orl =5cm=0-05m 

When magnet is placed with its north pole towards not! 
of earth, the neutral point is obtained on the equitorial lit 
If By; is horizontal component of earth’s field, then at t 
neutral point 


Begui = By 


~0-157) 


= 2.582 A m2 


pag _M 


or By = es x G2 4 De? 
1077 x0-4 = 10-7 x0-4 , 10°” x0-4 
(0-12 +0-057)°/2, (9-0125)°/* 00-0014 
= 0-286 x 10*T 


Problem 4.08. A long straight horizontal cable carries 
current of 2-5 A in the direction 10° north of east. The 
agnetic meridian of the place happens to be 10° west of 
e geographic meridian. The earth’s magnetic field at the 
cation is 0-33 G and the angle of dip is zero. Locate the 
ne of neutral point. (Ignore the thickness of the 
ible). (Text Problem) 

Sol. The magnetic n — s line is 10° west of geographical 
-S line as shown in Fig. 4.13. The straight horizontal cable 
Y is 10° north of east. 


nN 
| GEOGRAPHICAL 
14o—N-S LINE 


Fig. 4.13 

Here, 6=0° and B=0-33G 
The horizontal component of earth’s field, 
pas BU _ 0-33 

cos 6 cos 0° 
Ata point below the cable, the direction of the magnetic 
eld produced is same as that of B,;, while at a point above 
1e cable, the direction of the field produced is opposite to that 
f B,;. Therefore, neutral point will lie above the cable. If the 
istance of the neutral point from the wire is a, then, 


ese) 33 10. T 


pig wet 
tn or nae ae 
1 a 4n By 
Bere: t= 2-5 A 
PS iG OL 34552102 m=1-5 cm 


0-33x 104 


ype C. OnTangent law and Tangent Galvanometer 

Problem 4.09. A current carrying planar loop suspen- 
ed in a vertical plane normal to the magnetic meridian is 
n stable equilibrium. The horizontal component of earth’s 
1agnetic field is 0-32 G. Another horizontal magnetic field 


- of magnitude 0-48 G parallel to the plane of the loop is set 


up along magnetic west to east. Specify the new stable 
equilibrium. (Text Problem) 
Sol. Suppose that the current loop behaves as a magnetic 
4 
dipole of magnetic moment M. It will come to equilibrium 
in a position making angle 6 with B,, [Fig. 4.14], such that 


wane tan 0 (tangent law) 
By 
Here, B,,=0-32G;B=0-48G 
tan @= Wes — i cts) 
0-32 
or 6 = 56-3° (east of north) 


Problem 4.10. A tangent galvanometer has a coil of 
22 turns and mean radius 0-1 m. Find the reduction factor 
at a place, where B,, = 0-3 x 10+ T. (Karnataka, 1986 S) 

Sol. Here, n= 22;a=0-1m;B,,=0-3 x 10*T 

We know that p,=4 x 107 Tm A! 

Reduction factor, 
2a 2x0-1 

By = 7, 

22x 47 x 10 

=0-217A 

Problem 4.11. A tangent galvanometer has a coil of 
40 turns and of radius 12 cm. A steady current of 0-15 A, 
when passed through the coil, produces a deflection of 45° 
in the galvanometer. Calculate the strength of the horizontal 
component of the earth’s magnetic field at the centre of the 
coil of the galvanometer. (FLS.S.C.E. 1998) 

Sol. Here, n = 40 ;a = 12 cm =0-12 m;1=0-15A; 0 = 45° 


x0-3x10+ 


Also, py)=4a"x107TmA+ 
2 
Now, l= as By tan @ 
nN Uo 
B ny 1 
or Hoi arotand 
a7 
Ree he oe 30314 1.102 
2x0-12 tan 45° 


Problem 4.12. Two tangent galvanometers having 
equal radius of coils are connected in parallel to an electric 
cell. The ratio of the currents in the galvanometers are 1 : 2 
and respective mean deflections are 30° and 45°. Compare 
the ratio of the number of turns of the tangent galvano- 
meters. (C.B.S.E. 2002) 

Sol. The current passing through a tangent galvano- 
meter is given by 


I- 2a 


By tan 0 


0 
Let n, and n, be number of turns of the two tangent 
galvanometers. Since the two galvanometers have coils of 
equal radii, 


iva 20 Marne is a laces 


I, ny tan 05 no 1, tan 6» 
ny 1 tan 0; 
or = . 
ng I, /1\p tan 65 
Here, ay = Ld ; A, = 30° and 0, = 45° 
eae) 
aj enol _tan 30 2x0:5774 5 455 


ny 1/2 tan45° 1 


‘Type D. Onv ag 

Problem 4.13. A circular coil of 16 turns and radius 10 
cm carrying a current of 0-75 A rests with its plane normal 
to an external field of magnitude 5-0 x 10? T. The coil is 
free to turn about an axis in its plane perpendicular to the 
field direction. When the coil is turned slightly and 
released, it oscillates about its stable equilibrium with a 
frequency of 2-0 s-!. What is the moment of inertia of the 
coil about its axis of rotation ? 

Sol. Here, n = 16;a4=10 cm=0-1m; 

current* through the coil, 1=0-75 A 

The magnetic dipole moment of the coil, 

M=niA=nixna 
= 16 x 0-75 x a x (0-1)? = 0-377 A m? 
The time period of oscillation is given by 


where v = is frequency of oscillation. 
Ba = aX tO ol: ee ba 
0-377 x5-0x 107 


412 x (2-0)? 
= 1-194 x 10 kg m? 


Here, 


L= 


Problem 4.16. A telephone cable at a place has four 
long straight horizontal wires carrying a current of 


1-0 A from east to west (in the same direction in all the 
wires). The earth’s magnetic field at the place is 0-39 G and 


angle of dip is 35°. The magnetic declination is nearly 


zero. What are the resultant magnetic fields at points 
4-0 cm below and above the cable ? (Text Problem) 
Sol. Here, earth’s magnetic field, B = 0-39 G ; 6 = 35° 
Therefore, horizontal component of earth’s magnetic 
field, 
By, = Bcos 6 
or By = 9-39 cos 35° = 0-3195 G 
Vertical component of earth’s magnetic field, 
By =Bsin 6 
or By = 0-39 sin 35° = 0-2237 G 
Magnetic field produced by telephone cable having four 


wires, 
p(t 2a 
4n a 
Here, 1=10A,a=40cm=4x10%m 
yap. ile 
B= 107 Kot OX 9.9104 T=0-2G 


4x107 


*In order to distinguish between the symbols for current and 


moment of inertia, current has been denoted by i (in place of I) in 
this problem. 


problen 4. 14. Two 
of inertia in the ratio 1: 1-5 oscillate in a horizontal pia 
with time periods of 2-5 s and 4-5 s respectively. Compa 
their magnetic moments. (C.B.S.E. 200. 

Sol. The time period of a bar magnet is given by 


‘T-= Digg : 
M By 


Let M, and M, be the magnetic moments of the tw 
magnets ; and J, and I, be their moment of inertia. If T, ar 
T, are their respective time periods, then 


a I,M 2 
Tao fh Mangia, daNa, idayyel 
Tr \YM,l, Mon Io Tj 
rp tt 

Here, +=—,T,=25s and 1>=45 
Poran. 
Nie gel 
a oni Se Sh 246 
M2 ai (2-5) 


Problem 4.15. Two bar magnets placed together in 
vibration magnetometer take 3 s for 1 vibration. If o1 
magnet is reversed, the combination takes 4 s for 
vibration. Find the ratio of their magnetic moments. 

(HS.S.C_E. 1998. 


Sol. Here, T,=3s;T,=4s 
NG? PTZ a2 gig doi qaowigs 
We know, ——} = MES aay es he wey 
Mo olan <p A 255, JO oe oe 


= 3-57 


TECHIE STUFF - CONCEPTUAL NUMERICAL PROBLEMS»: == 


For ambitious, brilliant & Curious Students 


Resultant field below the cable : According to right har 
thumb rule, the direction of B’ at a point below the cable w 
be opposite to By. 

Therefore, at a point 4 cm below the cable, resulta: 
horizontal component of earth’s field, 

Ry = By — B' = 0-3195 - 0-2 = 0-1195 G 

Resultant vertical component of earth’s field, 

Ry = By = 0-2237 G (unchanged) 

Therefore, resultant earth’s field, 


R= Ry? +Ry2 = 10-1195? + 0-22377 
= /0-0143 + 0-0500 = V0-0643 = 0-254 G 
Resultant field above the cable : According to right har 
thumb rule, at a point above the cable, B’ will be in the san 
direction as B,,. Therefore, at a point 4 cm above the cable 
Ry = By + B’ = 0-3195 + 0-2 = 0:5195 G, 
Ry = By = 0-2237 G 


R= Ry? +Ry2 = 10-5195? + 0-22372 
= 0-566 G 

Problem 4.17. A short magnet of magnetic mome: 
2: x 10 J T- is placed with its axis perpendicul 
to the earth’s field direction. At what distance from tk 
centre of the magnet on (i) its normal bisector, (ii) its axi 
is the resultant field inclined at 45° with the earth’s fiel 
Magnitude of the earth’s field at the place is given to be 0- 
G. Ignore length of the magnet in comparison to tl 
distances involved. (Text Probler 


ae vs 


sol. Here, 2771, By 3 
(i) On its normal bisector : Fig. 4.15 shows the point P 
1 the normal bisector of the magnet, where the resultant field 
is inclined at 45° with the earth’s field. 


Fig. 4.15 
It can happen only, if B,,,,; is equal to the horizontal 
»mponent of the earth’s field (Bj) i.e. 


: DB egui OH 
For a short magnet, Begyj = Hy _M 
AN r? 
My M_ 
4n r? B 
z my. (40-7 x5-25x102)" 
or r=|—? -—— pie | heheh 9) 6) tad Rogeiaieaed a? 
4n By 0-42x 10+ 


= (125 x 10-6)1/3 =5 x 102 m= 5-0 cm 
(ii) On its axis : Fig. 4.16 shows the point P on the axis 
f the magnet, where the resultant field is inclined at 45° with 
1e earth’s magnetic field. 


! 
i 
I 
1 
1 
1 
1 “ 
ovens)’ Cane 


—a— ae 


a aches rt 
i) 
Fig. 4.16 
It will be so, if 
Baxial = Bu aa 
For a short magnet, Bayigi = Eas ra oi 
a 4 pe 
Ho, 2Macg 
4X r° iS 
1/3 
__{ Ho 2M V3" (1077 x5-25x 10 
or =| — -— Rid eee aPiestalnic’ eee 
4n By 0-42x 107 


= (250 x 10-6)!/3 = 6:3 x 10-7 m = 6-3 cm 

Problem 4.18. A compass needle free to turn in a 

horizontal plane is placed at the centre of a circular coil 
f 30 turns and radius 12 cm. The coil is in a vertical plane 
naking an angle of 45° with the magnetic meridian. When 
he current in the coil is 0-35 A, the needle points west to 
ast. 

(a) Determine the horizontal component of the earth’s 
nagnetic field at the location. 


a Ae iit 


rotated about its vertical axis by an angle of 90° in the 
anticlockwise sense looking from the above. Predict the 
direction of the needle. Take the magnetic declination at the 
place to be zero. (Text Problem) 

Sol. (a) Horizontal component of earth’s magnetic field 
(B,;) acts along magnetic N-S line. As the coil is placed in a 
vertical plane making angle 45° with magnetic meridian, the 
magnetic field B produced by the coil on passing current 
through it, will be along normal to the plane of the coil i.e. in 
a direction making angle of 45° with W-E line [Fig. 4.17]. 


Fig. 4.17 
The compass needle placed at the centre of the coil points 
west to east. Therefore, from the figure, it follows that 
B,, = B sin 45° 
But magnetic field produced by the coil, 


pe Ho AI 
4 a 
2 I 
By = 1°. sin 45° 
4n a 


1=0-35 A;n =30;a=12cm=12x107%m 
2 2x 30x 0-35x 0-707 


12x 10° 
=3-9 x 10° T =0-39G 

(b) The needle will reverse its original direction.e. it will 
point east to west. 

Problem 4.19. A small magnet A makes 10 vibrations 

in 90 seconds in earth’s field. When another magnet B 
of short length is placed 0-1 m due south of the direction of 
earth’s field, the magnet A makes 10 vibrations in 45 
seconds. Calculate the magnetic moment of magnet B. 
Given that B,, = 0-34 x 10“ T. 

Sol. In earth's magnetic field : Suppose 1, and M, are 
values of moment of inertia and magnetic moment of the 
magnetA. Its time period of vibration inearth’s magneticfield 
is given by 


Here, 


By =107 x 


I 

M, By 

In combined magnetic field of magnet B and B,,: Suppose 
time period of magnet A becomes t,, when magnet B is placed 
due south. Since, magnet A lies on axial line of the magnet B, 
the magnet A vibrates in magnetic field 

By’ = By + Boxiat 

Here, B, iq is magnetic field on the axial line of the 

magnet B at the point, where magnet A vibrates. 


“t=2n Ai) 


ape " ie m iy He ie eh Pe se, BS on ae Lh 
-(b) The current in the coil is reversed and the coil is 


i iy 
bo 2 0 SEL 
: (m, By’ 5 
Dividing equation (i) by (ii), we have 
ty b., By’ i, ‘ela 
a or By “Pui 
be 
or By + Baxial = Bu —> 
) 
Se 
OF Boxial = Bu na ae 1 
tp 
Here, tf de jae 4 5s 
10 10 
and By = 0:34 x 104 T 


Q. 4.01. The earth’s core is known to contain iron, but 
geologists do not regard this as a source of magnetic field. 


Why ? (H-P.S.S.C.E.2002) 

Ans. The temperature inside the earth is so high that it 
is impossible for the iron core to remain as a magnet and act 
as a source of magnetic field. The magnetic field due to earth 
is considered to be due to circulating electric currents induced 
in the iron in molten state and other conducting materials 
inside the earth. 

Q. 4.02. Why does a bar magnet always stand in NS- 
direction, when suspended freely ? (PS'S.C.E:2002) 

Ans. It is assumed that a huge magnet is lying deep 
inside the earth with its S-pole towards the geographical 
north and N-pole towards the geographical south. 

Q. 4.03. What is geographic meridian ? 

Ans. A vertical plane passing through the geographical 
N-S line is called geographical meridian. 

Q. 4.04. What is magnetic meridian ? What is geomag- 
netic equator ? (C55 tatoos) 

Ans. A vertical plane passing through the magnetic axis 
of the earth is called magnetic meridian. 

The great circle on the earth’s surface, whose plane is 
perpendicular to the magnetic axis is called magnetic equator. 

Q. 4.05. Name the elements of earth’s magnetic field. 

(H.S.S.C-E> 2002, P.S,5.C.E. 1994) 

Or 
Write the names of parameters of earth’s magnetic 
field. (PS .o.E od Jodo) 

Ans. Magnetic elements : declination, dip and horizontal 
component of earth’s magnetic field. 

Q. 4.06. Name the parameters needed to completely 
specify the earth’s magnetic field at a point on the earth’s 
surface. (C.B.S.E. 1997) 

Ans. The parameters needed to completely specify the 
earth’s magnetic field are declination, dip and horizontal 
component of earth’s magnetic field. 

Q. 4.07. A vector needs three quantities for its speci- 
fication. Name the three independent quantities conventio- 
nally used to specify the earth’s magnetic field. 

(Text Question) 


Barial = 0°34 10+ [2-1 fetenxt0 7% 


If M, is magnetic moment of the magnet B (a short be 
magnet), then 


Ho 2M> 
Baxtil ~ ge 8, 
Ho 2M2 _1 ax 1904 
An ro 
Here, Ho 2107 TA? m andr=01m 
4X 
S100 bite =1-02x107+ 
(0-1) 
or M, = 0-51 A m? 


WER QUESTIONS... . 
With Answers/Hints 


Ans. The three quantities are : (i) magnetic declinatio: 
(ii) angle of dip and (iii) horizontal component of earth 
magnetic field. 

Q. 4.08. Define declination at a place. 

(H.S.S.C.E. 200: 

Ans. Declination at a place is the angle between tk 
geographic and magnetic meridian. 

Q. 4.09. At a certain location in Africa, a compas 
needle points 15° west of the geographic north. What is tk 
angle of declination at that point ? (H.S/S:G-F 1199; 

Ans. The declination, 0 = 15°west of the geograph 
north. 

Q. 4.10. How does the knowledge of declination at 
place help in navigation ? (ES.S'C-E21999' 

Ans. Declination at a place is the angle between tt 
geographic and magnetic meridians. By knowing tk 
declination, the ship can be steered in the required directio. 
so as to reach the destination. 

Q. 4.11. Asmall magnet is pivoted to move freely in th 
magnetic meridian. At what place on the earth’s surfac 
will the magnet be vertical ? (CBS Blog, 

Ans. At the magnetic poles of the earth. 

Q. 4.12. What would be the direction of a compas 
needle, when placed exactly at the geo-magnetic north pol 

(C.B.S.E. 1998 | 

Ans. It will stand vertical with its north pole downwarc 
and south pole upwards. 

Q. 4.13. Which direction would a compass point to, 
located right on the geomagnetic north or south pole ? 

(C.B.S.E. 2000 ; Text Questiot 

Ans. The magnetic compass needle can point in an 
direction on the geomagnetic north or south pole. It: 
because, horizontal component of earth’s field is zero at thes 
points. (The earth’s field is vertical). 

Q. 4.14. Define angle of dip at a given place ? 

(H.S.S.C.E. 2002, 199: 

Ans. Dip at a place is the angle made by the directio 
of earth’s total.magnetic field with the horizontal directio1 

Q. 4.15. What is the value of angle of dip at any plac 
situated on the magnetic equator of the earth ? 

UEDLO.C 1ST Co, to 


Ans. It is 0°. 


a 


is about 18°. Would you expect a greater or lesser dip angle 
in Britain ? (Text Question) 

Ans. Britain is close to the magnetic north pole. 
Therefore, angle of dip is greater in Britain than in India. It 
is about 70°. : 

Q. 4.17. What is the expected value of dip at the 
magnetic poles of the earth ? (H.P.S.S.C.E. 2000) 

Or 

What is the maximum value of angle of dip ? At what 
places, does it occur ? 

Ans. It is 90°. The magnet becomes vertical (5 = 90°) at 


a bar magnet. 
Ans. Refer to section 4.03. 
Q. 4.19. It is found that the neutral points lie along the 
axis of a magnet placed on a table. What is the orientation 
of the magnet w.tt. the earth’s magnetic field ? 
(LT. 1976, 1974) 
Ans. The neutral points lie along the axis of the magnet 
; when the magnet is placed along magnetic N-S line, with its 
north pole towards the south of the earth. 
Q. 4.20. A magnet is placed with its north pole towards 
north of the earth. Predict the position of the neutral points. 
Ans. On equitorial line of the magnet. 
Q. 4.21. A magnet is placed with its north pole towards 


: south of the earth. Predict the position of the neutral points. 


Ans. On axial line of the magnet. 
Q.4.22. What isthe principle of tangent galvanometer? 


Q. 4.01. What is the probable cause of earth’s magne- 


* tism ? (PS.S.C.E. 2002, 2000, 1999 ; H.P.S.S.C.E. 1997) 


Ans. The exact cause of earth’s magnetism is not yet 
known. It must be basically due to magnetic effect of currents. 
Earth rotates about its axis of rotation. Since every substance 
is made of charged particle, the rotating earth is equivalent 
to circulating current and it gives rise to earth’s magnetism. 

Q. 4.02. Define three independent quantities conven- 
tionally used to specify the earth’s magnetic field at a point. 

(H.P.S.S.C.E. 1999 S) 
Or 


place. (P.S.S.C.E. 1997, 1992 ; C.B.S.E. 1991) 
Or 

What are the parameters of earth’s magnetic field ? 

Define each. (P.S.S.C.E. 1999, 1993) 


Ans. Three magnetic elements are : declination, dip and 
horizontal components of earth’s magnetic field. 

For definitions, refer to section 4.02. 

Q. 4.03. A magnetic needle is placed on a cork 
floating on a still lake in the northern hemisphere. Does 
this needle together with the cork move towards the north 
of the lake ? (LLT. 1973) 

Ans. The magnetic needle does not experience any net 
force and hence the needle together with the cork will not 
move towards the north of the lake. However, if the needle 
is inclined to the magnetic meridian, a torque will act on the 
needle and after a few oscillations, the needle will set itself 


Q. 4.16. The angle of dip at a location in southern India 


Ans. It is based on tangent law. 
Q. 4.23. Write the mathematical form of tangent law in 
magnetism. (H.S.S.C.E. 2002, 1994) 


Ans. If a small bar magnet is suspended in two mutually 


> 
perpendicular uniform magnetic fields B and By; , such that 
it comes to rest making an angle 6 with the direction of 


~~ 
fieldBy , then B=B,,tan0 


Q. 4.25. Define reduction factor of a tangent galva- 
nometer. (C.B.S.E. 2001) 

Ans. The reduction factor of a tangent galvanometer is 
numerically equal to the current (in ampere) through the 
galvanometer, which produces a deflection of 45°, when the plane 
of its coil lies in the magnetic meridian. 

Q. 4.26. What is the principle of a vibration magneto- 
meter ? 

Ans. When a bar magnet freely suspended in earth’s 
magnetic field is displaced from its equilibrium position, it 
executes simple harmonic motion. 

Q. 4.27. Enumerate the factors on which the time of 
vibrations depends in a vibration magnetometer. 

:G4E01995) 

Ans. The time period of vibration in a vibration a 
magnetometer depends on (i) the moment of inertia of the bar 
magnet, (ii) its magnetic moment and (iii) the horizontal 
component of earth’s magnetic field. 


F REQUENTLY ASKED SHORT ANSWER &2UESTIONS 


With Answers/Hints 


along the magnetic meridian. 

Also refer to chapter 3 (Magnetic dipole)-conceptual 
SAQ 3.07. 

Q. 4.04. Define angle of dip. Deduce the relation 
connecting angle of dip and horizontal component of 
components of earth’s magnetic field. (C.B.S.E. 2002) 

Ans. The angle of dip at a place is defined as the angle made 
by the direction of the earth's total magnetic field with the horizontal 
direction. 

For the derivation of relation between6 and B,,, refer to 
section 4.02. 

Q. 4.05. Define the terms magnetic inclination and 
horizontal component of earth’s magnetic field at a place. 
Establish the relationship between the two with the help 
of a diagram. (G/B:$.E;,1998) 

Ans. Refer to section 4.02. 

Q. 4.06. Define the term angle of dip. Derive the 
relation between angle of dip and the resultant magnetic 
field of earth at a place. (C.B.S.E. 2001) 

Ans. Refer to section 4.02. 

Q. 4.07. Horizontal and vertical components of earth’s 
magnetic field at a place are 0-22 tesla and 0-38 tesla 
respectively. Find the resultant intensity of earth’s magnetic 
field. (H.5-5.C. E1995) 

Ans. Here, By; = 0:22 T ; By = 0-38 T 


B= By? + By 


= (0-22) + (0-38)? = ¥0-1928 =0-44T 


Now, 


Q. 4.08. Horizontal components 
nent of earth’s magnetic field at a place are equal. phan is 
the angle of dip at this place ? 
(H.S.S.C.E. 2002 ; C.B.S.E. 2000, 1999, 1997) 
Or 
The ratio of vertical component to the horizontal 
component of earth’s magnetic field at a given place is 1. 
What is the angle of aip at that place ? 
(C.B.S.E. 1998 S) 
tan 6 =—~— 2 V =1 or 6=45° 
H 
Q. 4.09. Horizontal component of earth’s magnetic 


Now, 


field at a place is V3 times the vertical component. What 
is the value of angle of dip at this place? (C.B.S.E. 1997) 


Ans. Here, By = V3 By 
Now, anes we By Spi or 6=30° 
By V3By 3 


Q. 4.10. The ratio of the horizontal component to the 


resultant magnetic field of earth at a given place is . 
2 


What is the angle of dip at that place? (C.B.S.E. 1998 S) 


By ie 
Ans. Here, — =-—= 
Borys 
raped ‘A 
Now, cos i= SE  ornmoe45 
5 aya 


Q. 4.11. The horizontal component of earth’s magnetic 
field at a place is 0-3 x 10-*T. If the angle of dip is 60°, what 
is the total earth’s magnetic field ? (H.S.S.C.E. 2001, 1992,) 


Ans. Here, 6= 60°; By =0:3 x 104T 
Now, By, = Bcos 6 
o _ By _0:3x10% _ 0-3x10% 
~cosd cos 60° 0-5 
= 0-6 x 10*T 


Q. 4.12. The horizontal component of earth’s magnetic 
field is 0-2 gauss and total magnetic field is 0-4 gauss. Find 


angle of dip. (H.S.S.C.E. 1996) 
Ans. Here, B,=0:2G;B=04G 
Now, By = Bcos 6 
or Seg ge Betta Dek: sighs or 6= 60° 
B 0-4 


Q. 4.13. If a compass needle be placed on the magnetic 
north pole of the earth, then how does it behave ? If a dip 
needle be placed at the same place, then what will be its 
behaviour ? 

Ans. A compass needle is free to rotate in horizontal 
plane, while a dip needle can freely rotate in vertical plane. 

The earth has only vertical component of its magnetic 
field at the magnetic poles. The vertical component of earth’s 
field will exert torque on the magnetic needle so as to align 
it along its direction. As the compass needle can not rotate in 
vertical plane, it will rest horizontally, when placed on the 
magnetic north pole of the earth. On the other hand, the dip 
needle will come to rest along vertical. 

Q. 4.14. Define dip and tangent law in magnetism. 

(H.S.S.C.E. 1993) 

Ans. For dip, refer to section 4.02 and for tangent law, 

refer to section 4.04. 


two required magnetic fields in a tangent galvanometer 
(PS.S.C.E°1999:S)' 18% 

Ans. For statement of tangent law, refer to section 4.( 

One of the two required magnetic fields in a tange 
galvanometer is the field produced by the coil of t! 
galvanometer on passing current and the other is t! 
horizontal component of earth’s magnetic field. 

Q. 4.16. Why do we set the coil of tangent galvanomet 
in the magnetic meridian ? How is accuracy of adjustme 
tested ? (C.B.S.E. 1999 

Ans. A tangent galvanometer is based on tangent la 
The magnet in the magnetometer box has to be placed in tv 
uniform mutually perpendicular magnetic fields. So that t 
magnetic field produced on passing current through the c 
of the galvanometer is perpendicular to the horizont 
component of earth’s magnetic field, the coil is set in magne 
meridian. 

The accuracy of the setting of the galvanometer can’ 
tested by rotating the coil through exactly 90° and th 
passing current through it. In case, the setting was accura 
the galvanometer will not show any deflection on passi: 
current. 

Q. 4.17. State the working principle of a tange 
galvano-meter. Write the mathematical expression f 
measuring currents using the tangent galvanometer. 

(C.B.S.E. 195 

Ans. It is based on tangent law in magnetism. F 
statement of principle, refer to section 2.04. 

The current measured by using a tangent galvanome’ 
is given by 

I=Ktan@, 


sphere nie PHow af 
N Uo 


Q. 4.18. State two factors by which a tangent galvar 
meter can be made more sensitive. Why is a tange 
galvanometer not considered to be practically a very usef 
instrument ? (C.B.S.E. 200 

Ans. The tangent galvanometer can be made mo 
sensitive by (i) increasing the number of turns of its coil a1 
(ii) decreasing the radius of the coil. 

In a tangent galvanometer deflection produced is r 
directly proportional to the current passed through it. Sin 
it can not measure current directly, it is not considered to 
practically a very useful instrument. A tangent galvanome' 
is usually used to detect the current in an electric circuit. 

Q. 4.19. What is reduction factor of a tangent galvan 
meter ? Explain. GES AGE. 195 

Ans. Refer to section 4.05. 

Q. 4.20. Two tangent galvanometers of the same radi 
of coils, have their number of turns in the ratio 2: 3. Whi 
galvanometer has larger value of reduction factor ? 

(C.B.S.E. 20( 

Ans. Let K, and K, be reduction factors of the tv 
tangent galvanometers having number of turns 2 n and ¢ 
respectively. Then, 

2a 2a 


———— B and K5= 
(Qn) uy” >~ Bn) My 


It follows that galvanometer having lesser number 
turns has iarger value of reduction factor. 


By, is called reduction factor. 


K, = 


.21. Deduce an exp 
eduction factors of two tangent galvanometers, connected 
n series, showing mean deflections 61, 02 for a given 
current. (C.B.S.E. 2001) 
Ans. Let K, and K, be reduction factors of the two 
zalvanometers. Since the two galvanometers are connected 
in series, same current I will pass through them. Therefore, 


I=K, tan 0, and I=K, tan 05 
Thus, K, tan 6, =K, tan 0 eee 
us, K, tan0@,=K, tan@) or anes 


Q. 4.22. Give three advantages of a moving coil gal- 
vanometer over the tangent galvanometer. 
(25.5.C.E. 199915) 
Ans. 1. In a moving coil galvanometer, the deflection 
produced is directly proportional to the amount of current 
passed through it. 


2. A moving coil galvanometer does not require any 


particular setting. The coil of a tangent galvanometer has to 


Pere \ 


es Q. 4.01. If you made a map of magnetic field lines at 
Melbourne in Australia, would the lines seem to go 
into the ground or come out of the ground ?(Text Question) 
Ans. The magnetic field lines of earth would seem to 
come out of the ground. It is because, Melbourne (Australia) 
is in southern hemisphere. 
a Q. 4.02. The earth’s core is known to contain iron. Yet 
geologists do not regard this as a source of earth’s 
magnetism. Why ? (Text Question) 
Ans. The molten iron is above its Curie temperature and 
hence it cannot retain magnetism. 
Q. 4.03. The earth’s field departs from its dipole shape 
substantially at large distances (greater than about 
30,000 km). What agencies may be responsible for this 
distortion ? (Text Question) 
Ans. At large distances, the earth’s magnetic field gets 
modified by the field produced by the motion of ions in the 
earth’s ionosphere. 
Q. 4.04. The earth field, itis claimed, roughly approxi- 
mates the field due to a dipole of magnetic mo- 
ment 8 x 1022 J T-! located at its. centre. Check the order or 
magnitude of this number in some way. (Text Question) 
Ans. The magnetic field at a point on equatorial line of 
the magnetic dipole (earth as magnetic dipole) is given by 


palo .M ; 
An r 
Here, M=8x10"JT7! 
and r=64x10°m (radius of earth) 
22 
p=107 x-8* __=-0.3x 104 T=0-3G 
(6-4x 10°) 


It is really of the order of the observed field of earth. 
40 Q. 4.05. Interstellar space has an extremely weak mag- 
netic field of the order of 10~!* T. Can such a weak field 
be of any significant consequence ? Explain. 
(Text Question) 
Ans. A weak field of the order of 10-1? T can cause the 
charged particles to move along circular paths of very large 
radii. Over a small distance, we may not be able to notice the 


be set in magnetic meridian. 


Sl TECHIE STUFF — CONCEPTUAL SHORT ANSWER QUESTIONS 


For G mbitious, Prilliant & G urious Students 


3. The magnetic field produced by the coil of tangent 
galvanometer is not uniform over the whole length of the 
small magnet of the magnetometer box. 

Q. 4.23. A magnet makes angular oscillations in a hori- 
zontal plane with time periods T, and T, at two places, 
where the horizontal components of earth’s magnetic field 
are B,, and B’;,; respectively. Deduce an expression to 
compare the horizontal components at the two places. 

(C.B.S.E. 2001) 

Ans. Let M be magnetic moment and {i be moment of 

inertia of the magnet. 


Then, TY = 2 and To = D7 ! 
M By M By’ 
T_ [Ba Cera ei 
T, \ Bu a i 


deflection in the path of the charged particles but over large 
interstellar distance, the deflection is quite noticeable. 
ra Q. 4.06. The charged currents in the outer conducting 
regions of the earth’s core are thought to be respon- 
sible for earth’s magnetism. What might bethe ‘battery’ (i.e. 
the source of energy) to sustain these currents ? 
(Text Question) 
Ans. A possible explanation can be the phenomenon of 
radioactivity. 
Q. 4.07. The earth’s magnetic field varies from point to 
point in space. Does it also change with time ? If so, 
on what time scale does it change appreciably ? 
(Text Question) 
Ans. Yes, it changes with time. After a few hundred 
years, the earth’s magnetic field undergoes an appreciable 
change. 
Ger Q. 4.08. The earth may have even reversed the direction 
of its field several times during its history of 4 to 5 
billion years. How can geologists know about the earth’s 
field in such distant past ? (Text Question) 
Ans. Analysis of the rock magnetism (earth’s magnetic 
field gets recorded in certain rocks during solidification, 
though weekly) offers clues to geomagnetic history. 
‘ah Q. 4.09. A dip needle with a circular scale is mounted 
on a horizontal axis [Fig. 4.18]. How can the direction 
of the magnetic meridian be found with the help of this 
needle ? 


Ans. Rotate the needle, till its take a vertical position. In 
this position, the two poles of the dip needle experience force 
due to the vertical component of the earth’s magnetic field. 
The horizontal component of the earth’s magnetic field exerts 
only a sideways pressure on the needle. In this position, the 
dip needle lies in a plane perpendicular to the magnetic 
meridian. If the needle is turned through 90° about a vertical 
axis, it will lie in magnetic meridian. 

Q. 4.10. Geologists claim that besides the main 

magnetic N-S poles, there are several local poles on the 
earth’s surface oriented in different directions. How is such 
a thing possible at all ? (Text Question) 

Ans. The earth’s magnetic field is only approximately a 
dipole field. The local N-S poles may be oriented due to the 
different deposits of magnetised minerals. 

Q. 4.11. In order to keep the dip needle [refer to Fig. 

4.19] in a horizontal position, a load of 0-01 gf is 
suspended from its top end. Find the magnitudes of the 
horizontal and vertical components of the intensity of 
earth’s magnetic field. Given that the angle of dip is 40° and 
the pole strength of the dip needle is 0-98 A m. 

Ans. Let m be pole strength of each pole of the dip needle 
and 21! be its length. The dip needle experiences a torque due 
to the vertical component of the earth magnetic field. The 
torque due to the load Mg suspended from its top end 
opposes the torque on the needle due to the vertical 
component of the earth’s magnetic field [Fig. 4.19]. When the 
dip needle is horizontal, 
mByx2l=Mgxl 


mBy 
s n 
mBy Mg 
Tr haan Ge PY eects 


0); 


1. Explain the possible causes of earth’s magnetic field. 
(PSS CLE. 1998'S) 
2. Define parameters of earth’s magnetic field. 
(P.S.S.C.E. 2000) 
3. Explain the three magnetic elements of earth at a place. 
(H.S.S.C.E. 2002) 
4. Define magnetic elements of earth’s magnetic field at a 
place. (P.S.S.C.E. 2000) 
5. Explain the terms : (7) Declination, (ii) Dip and_ (iii) the 
magnetic field due to earth at a point. 
6. Explain briefly magnetic elements. (PS.S.C.E-1991) 
7. What are the elements of the earth’s magnetic field ? 
Explain them briefly. 
(Pre-degree Kerala, 1994 ; P.S.S.C.E. 1993) 
8. Name the elements of earth’s magnetic field at a place. 
Explain their meaning. (C.B.S.E. 1995) 
9. Derive tangent law in magnetism. 
(H.S.S.C.E. 1996 ; Karnataka, 1988) 


or By > 


Here m= 0-98 Am 
M g=0-01 gf = 0-01 x 980 x 10°N; 
0-01 x 980 x 10° 
By BS ae 2 (i 
2x 0-98 
Since angle of dip, 6= 40°, the horizontal component 
earth’s magnetic field is given by 
By ettp aoe 5407 
~tand tan 40° 0-8391 
Q. 4.12. How many neutral points on a horizont 
‘ge board are there and why, when a magnet is he! 
vertically on the board ? (LL.T. 198 
Ans. Consider a magnet NS placed vertically on a ho: 


zontal board as shown in Fig. 4.20. The neutral point on tl 
horizontal board will be obtained, where the component : 


=5x10°T 


By = 5-96 x 10° T 


Fig. 4.20 

magnetic field (B) due to magnet in the plane of board 
neutralised by the horizontal component of earth’s magnet 
field (B,;). The directions of magnetic fields B and’B,; ha 
been shown at four points P,, P,, P3 and P,. It follows th 
the two fields can balance each other only at point F 
Therefore, when a magnet is placed vertically on a horizont 
board, only one neutral point will be obtained. 


FREQUENTLY ASKED SHORT ANSWER QUESTIONS 


Carrying 3 Marks ————— 


10. State and prove tangent law in magnetism. 
(P.S.S.C.E. 2001, 2000, 1999 ; H.S.S.C.E. 2001, 1998 S, 199 
U2 A ACION Gy oid ie 
11. Describe the working of a tangent galvanometer. Defi 
its reduction factor. (HS SIGE. 200 
12. State the underlying principle of a tangent galvanomet 
Write briefly, how it can be used to determine t 
horizontal component of earth’s magnetic field at a giv 
place. (C.B.S.E. 1998 
13. Describe the use of a vibration magnetometer for cor 
paring magnetic moments of two bar magnets of same si 
and mass. (C.B.S.E. 1998 ,199 
14. Explain, how can magnetic moments of two unequ 
magnets be compared with the help of vibrati: 
magnetometer. (C:B.S.E. 1996 ;'H.S.SiG-E. 19S 
15. How will you compare the magnetic moments of two b 
magnets of equal size using a vitratior: magnetometer 
(H.S.5.C.E. 206 
16. Describe, how the horizontal components of eartt 
magnetic field at two places may be compared by using 
vibration magnetometer. (CIBiStE, 19S 


(a) Explain the three magnetic elements of earth’s magnetic 
field at a place. 
(b) What are the possible causes of Earth’s magnetism ? 
Explain. (P.S.S.C.E. 2001) 
Define neutral point. How will you find the magnetic 
moment of a bar magnet by locating its neutral point, when 
magnet is placed with its north pole towards (a) north pole 
of the earth and (b) south pole of the earth ? 
Explain the principle, construction and theory of tangent 
galvanometer. (PS.S.C.E. 1999, 1998 S, 1993 ; 
H.S.S.C.E. 1999 S ; C.B.S.E. 1993) 
With the help of a diagram, explain the principle and 
(C.B.S.E. 1996) 


Type A. On Magnetic elements 


1. 


Type 


oe 


A ship is sailing due west according to a Mariner’s 
compass. If the declination of that place is 18° east of north, 
what is the true direction of the ship ? 
[Ans. 72° west of north] 
The vertical and horizontal components of earth’s 
magnetic field at a ptace are 0-2G and 0-3464 G res- 
pectively. Calculate the angle of dip and earth’s magnetic 
field at that place. [Ans. 30°, 0-4 G] 
At 52° from the magnetic meridian, a magnetic needle in 
a vertical plane makes an angle of 45° with the horizontal 
plane. Find the actual angle of dip at that place. 
[Ans. 31-62°] 
A dip circle is so set that it moves freely in the magnetic 
meridian and shows angle of dip equal to 45°. Now the dip 
circle is rotated through 30°. What value of dip, will the 
needle show now ? (Roorkee, 1983) {Ans. 49-1°] 


. On Neutral points 
A small bar magnet has a magnetic moment 5 A m2. The 
neutral point is obtained on axial line, when itis placed in 
magnetic meridian with its north pole pointing south of 
earth and neutral point is obtained on equitorial line, when 
it is placed with its north pole pointing north of earth. If 
horizontal component of earth’s field is 0-38 G, find the 
position of neutral points in two cases. 

[Ans. 29-7 cm, 23-6 cm] 
A short bar magnet is placed in a horizontal plane with its 
axis in the magnetic meridian. Null points are found on 
its equitorial line (i.e. its normal bisector) at 12-5 cm from 


the centre of the magnet. The earth’s magnetic fieldatthe - 


place is 0-38 G ard the angle of dip is zero. 

(a) What is the total magnetic field at points on the axis of 
the magnet located at the same distance (12-5 cm) as the 
null-points from the centre ? 

(b) Locate the null-points, when the bar is turned around 
by 180°. 

Assume that the length of the magnet is negligible as 
compared to the distance of the null-points from the centre 
of the magnet. [Ans. (a) 1-:14G; (b) 15:7 mj 
Ashort bar magnet placed ina horizontal plane has its «> 's 


aligned along the magnetic north-south direction. Nuit 


rf 


8. 


Zs 


10. 


8. 


Carrying 5 Marks 
tangent galvanometer. How is it used for the measure- 
ment of current ? (Pre-degree Kerala, 1991) 
Describe the principle and construction of a deflection 
magnetometer. How will you compare the magnetic 
moments of two equal bar magnets by placing the 
deflection magnetometer in end-on position. 

Describe the principle and construction of a deflection 
magnetometer. How will you compare the magnetic 
moment of two equal bar magnets by placing the 
deflection magnetometer in broad side-on position. 
Describe briefly the principle, construction and theory of 
a vibration magnetometer. (I.S.C.E. 1994) 
State and derive tangent law in magnetism. Describe 
giving relevant formulae, how you will determine the 
magnetic moment (M) of a magnet and the horizontal 
component (B,,) of the earth’s magnetic field using 
deflection and vibration magnetometers. 

(H.S.S.C.E. 1995) 


For Practice 
points are found on the axis of the magnet at 14 cm from 
the centre of the magnet. The earth’s magnetic field at the 
place is 0-36 G and the angle of dip is zero. What is the total 
magnetic field on the normal bisector of the magnet at the 
same distance as the null points (i.e. 14 cm) from the centre 
of the magnet ? (Text Problem) [Ans. 0-54 Gi 
If the bar magnet in problem no. 7 is turned around by 
180°, where will the new null points be located ? 

(Text Problem) [Ans. 11-1 cm] 


Type C. OnTangent law andTangent galvanometer 


se 


10. 


12. 


Ina tangent galvanometer, when a current of 10 mAis 
passed, the deflection is 31°. By what percentage, the 
current has to be increased, so as to produce a deflection 
of 42°. [Ans. 50%] 
A 2 turn coil of radius 10 cm is placed with its plane in 
the magnetic meridian. A small magnetic needle is 
suspended at the centre of the coil by a torsion free silk 
thread. On passing a current through the coil, the needle 
is deflected through 45°. Calculate the strength of the 
current, if the horizontal component of the earth’s 
magnetic field at the location is 1-6 x 10° T. 
Given, f)=42 x 107 TmAt (LS.C.E. 1993) 
[Ans. 1-273 A] 
A tangent galvanometer with a coil of 35 turns and mcan 
radius 11 cm is used at a place, where horizonta! . »m- 
ponent of earth’s magnetic field, Bj, = 0-32 gauss. Whena 
current is passed through the galvanometer, the deflection 
is 35°. Calculate the current. [Ans. 0-112 A] 
A circular coil of radius 20 cm and 20 turns of wire is 
mounted vertically with its plane in magne:'¢ meridia::. 
A small magnetic needle is placed at the centre of this 
coil and it is deflected through 45°, when a current is 
passed through the coil. Calculate current in the coil, if 
H = 0:34 x 10+ T. (LLT. 1983) (Ans. 0-54 A] 
The coil in a tangent galvanometer is 16 cm in radius. 
Find the number of turns of the wire that should be 
wound on it, if a current of 40 mA is to produce a deflec- 
tion of 45°. Horizontal component of earth’s magnetic 
field = 0 - 36 x 10+ T. (C.B.S.E. 2001 S) {Ans. 229] 
The radius of a tangent galvanometer is 16 cm. Find 
the number of turns in it, if a current of 4-0 Ais to produce 


; 


its ® 


16. 


17. 


o ay ontal component of ¢ 
magnetic field is 0-31 x 10+ T. (H.S.S.C.E. 1997) [Ans. 2] 
Two tangents galvanometers have coils of the same radii, 
differing only in their number of turns. They are connected 
in series. When a steady current is passed in the circuit, the 
mean deflections in the galvanometers are 61, #2. Deduce 
an expression for the ratio of the number of turns of the 
galvanometers. (C.B.S.E. 2000) 


Two tangent galvanometers having number of turns in the 
ratio /3 : 2 are connected in series to a d.c. source. If the 
mean deflections of the two tangent galvanometers are 30° 
and 45° respectively, calculate the ratio of radii of the coils 
of the tangent galvanometers. (C.B.S.E. 2002) 

[Ans. 1-5] 
Two tangent galvanometers A and B have their number of 
turns in the ratio 1 : 3 and diameters in the ratio 1: 2. 
Explain with reason : (4) Which galvanometer has a greater 
reduction factor ? (b) Which galvanometer shows greater 
deflection, when both are connected in series to a d.c. 
source ? (C.B.S.E. 1999) [Ans. (a) A; (b) B] 


Type D, On Vibration magnetometer 


K 


18. 


19. 


20. 


A magnet executes 55 vibrations in one minute, where 
horizontal component of earth’s field is 0-36 G. If the 
moment of inertia of the bar magnet is 10-> kg m7, find the 
magnetic moment of the bar magnet. [Ans. 9-215 A m?] 
A magnetic. needle pivoted through its centre of mass 
and free to rotate in a plane containing a uniform mag- 
netic field of 100 G is displaced slightly from its stable 
equilibrium. The frequency of its angular oscillations of 
small amplitudes is measured to be 1-5 s~!. If the 
moment of inertia of the needle about its axis of rotation 
is 75 x 10° kg m2, determine the magnetic moment of 
the needle. [Ans. 0-067 A m?] 
A magnet makes 30 vibrations per minute at a place, 
where horizontal component of earth’s field is 0-18 G. At 
another place, if it takes 1-6 seconds to complete one 
vibration. What is the value of horizontal component of 
earth’s field there ? [Ans. 0:28 G] 


MISCELLANEOUS PROBLEMS 


Amagnetic needle free to rotate about the vertical direction 
(compass) points 3-5° west of the geographic north. 
Another magnetic needle free to rotate in a vertical plane 
parallel to the magnetic meridian has its north tip pointing 


22. 


23. 


24. 


25. 


26. 


an 


horizontal component of the earth’s magnetic field at tl 
place is known to be 0-40 G. What is the direction ar 
magnitude of the earth’s magnetic field at the place ? 
[Ans. 0-42 G making an angle of 18° with horizont 
in the magnetic meridian ; while the magnet 
meridian is 3-5° west of geographic meridiar 
A bar magnet of length 8 cm and having a pole streng 
of 1 A mis placed vertically on a horizonal table with : 
N-pole on the table. A neutral point is found on the tab 
at a distance of 6 cm south of the magnet. Calculate tl 
earth’s horizontal magnetic field.  [Ans. 2-18 x 1079’ 
Two tangent galvanometers have radii 0-075 m and 0-11 
number of turns 15 and 10 and resistances of 8 ohm ar 
12 ohm respectively. If on connecting them in parallel 
a circuit, the first galvanometer gives a deflection of 6( 
then calculate deflection in the second galvanometer. 
[Ans. 30 
A bar magnet, held horizontally, is set into angul 
oscillations in earth’s magnetic field. It has time perio 
T and T’ at two places, where the angles of dip are 6 ar 
@, respectively. Deduce an expression for the ratio of tl 
resultant magnetic fields at the two places. 


B __ cos fon ap 
(C.B.S.E..1999),. | AMS. 0S | 


A magnet is suspended so that it may oscillate in tl 
horizontal plane. It performs 20 oscillations per minute 
a place where the angle of dip is 30° and 15 oscillations p 
minute, where the angle of dip is 60°. Compare the eartt 


total magnetic field at these two places. [Ans. 16: 9,/2 
A magnet makes 10 oscillations per minute at a plac 
where the angle of dip is 45° and the total intensity 
earth’s magnetism is 0-4 G. Calculate the number 
oscillations made per second by the same magnet 
another place, where the angle of dip is 60° and intensi 
of the field is equal to 0-5 G. (M.N.R. 198 
[Ans. 0-157 s 
A magnet free to oscillate under the earth’s horizont 
field has a period of T seconds. Another magnet of leng 
16 cm is kept east of it with its middle point at a distan 
of 20 cm and its axis in magnetic meridian. The tir 
period of the first magnet is reduced to half. Find the pc 
strength of the other magnet. Given, horizont 
component of earth’s field = 0-2 G. [Ans. 37:5 Ar 


_. SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FOR F 


NaS 


Proceed as in solved problem no. 4.02. 


pda a ae ears 6 = 30° 
By; 03464 di if 
Now, B;,; = B cos 6 or Bee ee 
cosé. cos 30° 


At 52° of magnetic meridian, the apparent value of 
horizontal component of earth’s magnetic field, 

By’ = Byy cos 52° 
Apparent angle of dip 6’ is given by 


tan 0’ = PY or tan 45°= eee. t 
By By cos 52° 


or Ui = cos 52° = 0-6157 
By 


But By tan 0, 
H 
where 6 is true angle of dip. 


“. tand=0-6157_ or 6 = 31-62° 

Proceed as in solved problem no. 4.04. 

In first case : At the neutral point on axial line of a shc 
magnet, 


—7 
Pe an Bo or 10 X2X5 _ 0.38 x 104 
rte alah r 
or r= 0-0263 or r=29-7 x 102m =29-7 cm 


In second case : At the neutral point on equitorial line o 
short magnet, 


Ho .M 1077 x5 


‘= =By or Deemer 


or 7 =0-0132 or r= 23-6 x 10% m= 23-6 cm 
At the neutral point on equitorial line of a short magn¢ 
Ho M a 10°’ xM 


teens eee ciler tity (1-38 x 104 
(12:5 x 10-2)9 


10. 


11. 
12. 


13. 


14. 
15. 


(a) Now, Baxial 


4n Pr 


= 0-76 x 10*T =0-:76G 
Therefore, total magnetic field, 
B= B vigil + By = 9-76 + 0:38 = 1:14 G 
(b) When magnet is turned through 180°, neutral points 
will be obtained on axial line. 
Now, at the neutral point on axial line of a short magnet, 


2M -7 : 
See oe By or... 1 X2%0°74 _ 0.38 x 104 
4 A fr r 
or P=3-895x103 or  r=0:157m=15-7 cm 
At the neutral point on axial line of a short magnet, 
2M wid 
fo, as = Bu or ees * ne = 0-36 x 10+ 
4a or (14x10 “) 
or M = 0-494 A m2 


_ Mo .M _ 1077 x0-494 
Piet Aacilipcs COAX 104) 

= 0-18 x 104 T =0-18G 
Therefore, total magnetic field, 

B = Begui + By; = 0-18 + 0:36 = 0:54 G 

When magnet is turned through 180°, neutral points will 
be obtained on equitorial line. 
Now, at the neutral point on equitorial line of a short 
magnet, 


Now, B 


1077 «0-494 

Se = Dit 

4n 7° Ba r 
or P= 1:37 x 10° or 


I=K tan@ 


= 0-36 x 10+ 


r=0-111 m=11-1 cm 


tan 42° 
tan 31° 
% increase required in the value of current, 


ah x 100= eo x 100 = 50% 


1 


we =o ° 
2a Bytane'e 2x10x10 “x1 eat oP x tan 45 
nN Uo 2x42 x10 

= 1-273 A 
Proceed as in problem no. 10. 
Proceed as in problem no. 10. 


or I, =I, x = =15mA 


Pe 


2 
1s" Botan e or n=—~ By tan 
nN Uo Mg I 


_ 216x107? x 0-36 x 107 * x tan 45° 


4nx 107? x 40x 107° 


Proceed as in problem no. 13. 

Let n, and n, be number of turns in the two tangent 
galvanometers. Suppose that a current I passes through the 
two galvanometers, when they are connected in series. 
For first tangent galvanometer, 


24 By tan}, (i) 
nN Ho 


For second tangent galvanometer, 


or n = 229 


{= 


T= By tan 65 ii) 
it Ho 
From equations (i) and (ii), we have 


oF ev tan @5 
0 


16. 


re 


18. 


19. 


ae ag tan 64 
No ~ tan 6» 

Let a, and a, be radii of the coils of the two tangent 

galvanometers. As the number of turns of the coils of the 

two galvanometers are in the ratio V3 :2,let 3 nand2n 

be the their number of turns. Suppose that a current I 

passes though the galvanometers, when they are 

connected in series. 

For first galvanometer, 0 = 30° 

2a, 


or 


t= By tan 30° ...(i) 
Bnuy © 
For second galvanometer, 6 = 45° 
2 7 
jee By tan 45° ..-(ii) 
21 Uo 
From equation (i) and (ii), we have 
B 2 
= By tan 30° = 72 By tan 45° 


V3 n po 21 Ko 


a, _V3xtan45°_ (V3x1_ _ 3 
a 2xXtan30° 2x asian 20 
Here, n, =n, n)=3n,a,=aanda,=2a 


or 


2a 
(a) Reduction factor, K=—— By 
n Ho 


2 2 
Ka = a By = c By 
ny Ho n Ko 
ee ee 2a9 om 2x 2a : ann 
By Mo 3nX Mo a 


Therefore, K, > Kgi.e. galvanometer A has a greater 
reduction factor. 
(b) Let 6, and 6, be deflections produced in the two 


galvanometers, when they are connected in series. 
For first galvanometer, 


2 
I=K, tan 0, = —— By tan 0; i) 
n Ho 


For second galvanometer, 


4 hs 
1=Kg tan 6 = ole By tan 0, ii) 
Lo 


From equations (i) and (ii), we have 


Pe nt 
set tan 0, = : By tan 05 
4 Lg 3 Uo 
ae tan 0; g), 2 
tan 05 3 


Therefore, 0, < 0, i.e. galvanometer B shows greater 
deflection. 


Now, T=22 else or 
M By 


Here, T=2s, By = 0:36 G = 0:36 x 104 T 


a 4x71 
T* By 


and 1=10°kg m? 

d 407 x10 

~ (60/55)? x 0-36 10" 
Here, B = 100 G = 100 x 104 = 0-01 T, l= 7-5 x 10 kg m* 


= 9-215 Am? 


v=15s71 
Now, T=22 qe. 
"ee MB 
4071 4n71v" 
or M= Si 
TB B 


20. 


21. 


peed, 


4° X75 X10°° x (5)> 
st 0-01 
Let B,, and B,,’ be horizontal components of earth’s 
magnetic field at the two places. If T and T’ are periods of 
oscillation at the two places, then 


= 0-067 A m2 


T=22 and WE DRe 


I 
M By M By’ 


Tra Bs 1 
= rupley, fei 
T By or H H T2 


Here, B,, = 0-18 G ; T = 60/30 = 2s and T’=16s 


2 
18 x 
ie 0-18 oe =0.28G 
(1-6) 
Here, @=3-5° west of geographic north, 


6 = 18° and B,; = 0-40 G 
Now, By; = B cos 6 
By _ 0-40 


or B=—~—= 
cosé cos 18° 


Thus, magnetic field at the place is 0-42 G making an angle 
of 18° with horizontal in magnetic meridian, where the 
magnetic meridian is 3-5° west of geographic meridian. 
Refer to conceptual SAQ 4.12. 

The neutral point will be obtained at point P, on the 
horizontal table as shown in Fig. 4.21. 


=0-42G 


By, Po 


B, cos 0 


Fig. 4.21 

At the neutral point, the horizontal component of earth’s 
magnetic field (B,,;) is balanced by the horizontal 
component of the magnetic field due to the magnet. 
Magnetic field due to N-pole of the magnet at the neutral 
point P,, 
ge te ELOF KA 

4 (NP) (0-06) 
= 2-78 x 10° T (along P, s) 
Magnetic field due to S-pole of the magnet at the neutral 
point P,, 


B, 


a ee 
4 (SP)? 


Now, SP, = /(NS)?-+(NP,)” 
= J(0-08)? +(0-06)2 =0-Im 


“10 «1 
(0-1) 

The magnetic field B, makes an angle 6 with the horizontal 

table as shown in the figure. 

Therefore, component of field B, along horizontal 


By 


2 =107°T (along P, S) 


NP, _,,-5_ 0-06 
= B, cos 0 =B, x —*=10 ° x —— 
Zoe, viele ae SY 0-1 
=0-6 x 10°T (along P, N) 


23. 


24. 


25. 


Therefore, net horizontal component of the field of magn 
= B, - B, cos 0 = 2:78 x 10 -0-6 x 10% 
=2-:18 x 10°T 

At the neutral point, 

B,, = B, - B, cos 6 = 2-18 x 10° T 
Here, a, = 0-075 m ; ay = 0-1 m;n, = 15; ny = 10; 
R, =8 Q; R, = 12 Q, 6, = 60° 
Let I be total current in the circuit. As the tw 


galvanometers are connected in parallel, current throus 
the first galvanometer, 
jess IR> -1XR 9.61 
Ri; +R. 8+12 
and current through the second galvanometer, 
I Rj ma Ix8s 


(along P, s) 


2 = = = 0- 4] 
R, +R, 8+12 
For first galvanometer, 
2 
FF = Zs Bu tan 0; 
nm Mo 
Ao Ost MRL OA Sh ES 
=2 
-89 x 
or a 2:89 x10 * By Be, ( 
Ho 
For second galvanometer, 
2 
Ip=—2 By tan 65 
2x0-1 
or, 1024 1= By tan 65 
5x10°B 
or [=——_# tan 9, BA 
Ho 


From equations (7) and (ii), we have 


%) —2. 
x c x 
5x10 By eS 2-89 x 10 By 
Ho Ho 
or tan 6, = 0-578 
or 6, = 30° 


Let B and B’ be earth’s magnetic field, at the two place 
Then, horizontal components of earth’s magnetic field 
the two places are given by 


By, = Bos 6 and 


Now, T=22 : 
M By 

T_ |By’ _ [B’cosd’ 
iP By Bcos 6 
B cosd’ (TY 

or —= >a Fe 
B’ coso T 

By proceeding as in problem no. 24, it can be obtained th 
B _ 0080", ¥ F 
Be cosiom er 

T = 60/20 =3s, T9= 60/15 =4s; 

6 = 30° and 6’ = 60° 


B_cos60" (4) _ 1/2 | 16 _ 16 
B’cos30° 3/2 


By, = Bcos 6’ 


Here, 


26. As obtained in problem no. 24, 


B _ cos 0’ 
B’ cosdé 


“(z) 


Pie 


Bcos6é 

B’ cos 6’ 

Here, T=60/10=6s;6=45°,B=0-4G; 
6’ = 60° and B’=0-5G 


Bes T=6 0-4 x cos 45° = 6-382 s 
0-5 X cos 60° 


Therefore, number of oscillations made by the magnet per 
second, 


T=T 


oa 1 = 
T’ 6°382 
When magnet oscillates in earth’s magnetic field : 
Let B,; be horizontal component of earth’s magnetic field. 


Then, 
I 
2 ; ee 
i | M, By ) 


where M, and I, are magnetic moment and moment of 
inertia of the first magnet. 

When magnet oscillates in the combined field of earth and 
the second magnet : 

Let Bj,’ be effective magnetic field along horizontal. 
Then, By = Bayt B,, 

where B, is magnetic field produced by the second magnet 
at the location of the first magnet. 

If T’ is period of oscillation of the first magnet in the 
combined field, then 


T=22 h ; 
M, By 


Since T’ = T/2 i.e. T’ < T, By’ must be greater than Bj; i.e. 


T ia ‘ 
—=2 ae sh 
2 esi | M, (By + By) ie 


From equations (i) and (ii), we have 


22 h = 22 7 tS 
M, By M, (By + Bo) 
or By, + By = 4 By or B,=3 By 
or By =3 x 0-2 x 104 = 046 x 104T. 


From the statement of the problem, it follows that the first 
magnet oscillates at a point, which lies on the equitortial 
line of the second magnet. 

If M, is magnetic moment of the second magnet, then 


B 2p bon, 2 Mai 
2 Ames (47 4 192)9) 54 
where r=20cm=0-2m 
and L, = 16/2 = 8 cm = 0-08 m 
107” xM 
0-6 x10-4= 2 


3/2 
[0-2 +(0-08)" | 
or 06x 104=10°M, 


0-6 x 10-4 3 
or bee it (ae =6Am 
Therefore, pole strength of the second magnet, 
M> 6 


iy ott eee oe = big 7.5 Rn 
Gs Ty wale ¢ 10 


ae 5.01. SOME IMPORTANTTERMS 

The following terms and concepts are used to classify the magnetic substances 
and to understand their response to the magnetic fields : 

1. Magnetic intensity. Consider that inside vacuum, a magnetic field B, exists. 
Then, magnetic intensity is defined by the relation 

B 
ete 6.01) 
0 

where pl, = 4 x 10-7 tesla metre ampere“! is absolute permeability of vacuum. Since 
unit of magnetic field is tesla, the unit of magnetic intensity is 


[H]= Bi rl C8 = ampere meter | (Am *) 
tesla metre ampere ~ 
Magnetic intensity is also known as H-field or magnetic field strength. The 
unit of magnetic intensity i.e. A m7 is also equivalent to N m~ T-! or N Wb“! or 
J m=? T+ or J m™! Wb7!. 
The older unit of magnetic intensity is oersted. It is related to gauss (the older 
unit of magnetic field) as given below : 


1 gauss 
1 oersted = faba 


Ho 
Uy 

4mx10’TmA™ 

2. Intensity of magnetisation. It is defined as the magnetic moment developed per 
unit volume, when a magnetic specimen is subjected to magnetising field. It is denoted 
by L. 

If a magnetic specimen of volume V acquires magnetic dipole moment M due 
to the magnetising field, Then, 


aM (5.02) 


Therefore, 1 oersted = = 80Am-1 


Since unit of magnetic moment is ampere metre?, the unit of intensity of 
magnetisation is 
_ ampere metre” 


HW ; 


= ampere metre | (A m‘) 
metre 
i.e. intensity of magnetisation and the magnetic intensity have the same units. The 
intensity of magnetisation is also called simply magnetisation. 
If the magnetic specimen has area of cross-section a and length 2 I, then its 
volume, 
V=ax2l 
Further, if m is pole strength developed, then magnetic moment of the specimen, 
M=mx21 
Therefore, equation (5.02) gives 


pa mX2! _m (5.03) 
ax2l a 
Hence, intensity of magnetisation may also be defined as the pole strength developed 
per unit area of cross-section of the specimen. 
3. Magnetic flux. Magnetic flux through a surface is defined as the number of 
magnetic field lines passing normally through the surface. It is denoted by ¢. 
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Consider that a surface area AS is held in a magnetic field of induction B 3 
hen, magnetic flux passing normally through the surface is given by 
> 2° 
~=B.AS 

The SI unit of magnetic flux is weber (Wb). 

4. Magnetic induction. Consider that a soft iron bar (ferromagnetic material) 
s placed in a uniform magnetic field B, set up in vacuum. The uniform magnetising 
ield B, has been represented by parallel lines in Fig. 5.01. 

As soon as the iron bar is placed inside the magnetic field, it gets magnetised. 
ts left end becomes $-pole, while its right end becomes N-pole. Because of induced 
nagnetism, it produces its own magnetic field. In the regions A and B, the 
nagnetising field is strengthened, while in the regions C and D, the magnetising 
ield is opposed by the field produced due to the magnetisation of soft iron bar. The 
esultant field is as shown in Fig. 5.02. 

The magnetic induction is defined as the number of magnetic lines of induction 
‘magnetic field lines inside the material) crossing per unit area normally through the magnetic 
substance. It is denoted by B. 

The magnetic induction B is the sum of the magnetic field B, and the magnetic 
field j/, 1 produced due to the magnetisation of the substance. Thus, 

B=B,+Uyl=MH+Hol 

or B=p,(H+D ...(5.04) 

Magnetic induction is also known as magnetic flux density or simply magnetic 
field. The SI unit of magnetic induction is tesla (T) or weber metre? (Wb m7”). These 
units of magnetic induction are equivalent to N m-! A-1 or J At m”?. 

The older unit of magnetic induction is guass (G). 

1 tesla = 104 gauss (G) 

5. Magnetic susceptibility. The magnetic susceptibility of a magnetic substance is 

defined as the ratio of the intensity of magnetisation to the magnetic intensity. It is denoted 


by Xun 
Therefore Xm= 7 ...(5.05) 


The magnetic susceptibility of a magnetic substance gives the measure of its 
aptness to acquire magnetism. As magnetic susceptibility is the ratio of two 
quantities having same units (A m!), it has no units. fo N 

6. Magnetic permeability. The magnetic permeability of a magnetic substance is 
defined as the ratio of the magnetic induction to the magnetic intensity. It is denoted by 
yu. 

Therefore, ie 7 ...(5.06) 


The magnetic permeability of a magnetic substance gives the measure of its 
conducting power towards the passage of magnetic lines of induction. Its unit in 
SI is 

[uJ= na ma = tesla metre ampere * (Tm i ba 
ampere metre 
i.e. both p and p, have the same units. 
Dividing both sides of the equation (5.04) by H, we have 


B = U 1 a En 
Ha jack: tick 
Using equations (5.05) and (5.06), we have 
H = Hy 1+ Xn) 
or as (5.07) 
Ho 


Since f= u,, the relative permeability of the magnetic substance, the 


0 
equation (5.07) becomes 


Hp=14+Xm 
mum 5.02. CLASSIFICATION OF MAGNETIC MATERIALS 
Iron and steel are not the only substances, which are attracted by a magnet or 
which can be magnetised. In fact, all the substances possess magnetic properties. On 


(5.08) 


the basis of their magnetic behaviour, 
three classes : 
(i) Diamagnetic. Those substances, which when placed in a magnetic field are feebly 
magnetised in a direction opposite to that of the magnetising field, are called diamagnetic 
substances. 

When a diamagnetic substance is placed inside an external magnetic field, the 
magnetic field inside the diamagnetic is found to be slightly less than the external 
magnetic field. It is observed that when a diamagnetic sample is placed inside a non- 
uniform magnetic field, it tends to move from stronger part to the weaker part of 
the magnetic field. It may be pointed out that the diamagnetic effects are too feeble 
to be detected, unless the applied magnetic field is strong. The behaviour of a 
diamagnetic substance is independent of temperature. Further, a diamagnetic 
substance has the nature similar to that of a dielectric having non-polar atoms. A 
few examples of diamagnetic substances are copper, zinc, bismuth, silver, gold, lead, 
glass, marble, water, helium, argon sodium chloride, etc. 

(ii) Paramagnetic. Those substances, which when placed in a magnetic field are feebly 
magnetised in the direction of the magnetising field, are called paramagnetic substances. 

When a paramagnetic substance is placed inside an external magnetic field, 
the magnetic field inside the paramagnetic is found to be a slightly greater than the 
external magnetic field. In contrast to the behaviour of diamagnetics, a paramagnetic 
substance tends to move from weaker part of the magnetic field to stronger part, 
when placed in a non-uniform magnetic field. Further, in contrast to diamagnetic, 
the behaviour of a paramagnetic is temperature dependent. Also, the paramagnetic 
effects are perceptible only with a strong magnetic field. The nature of a 
paramagnetic is similar to that of a dielectric having polar atoms. A few examples 
of paramagnetic substances are aluminium, sodium, antimony, platinum, copper 
chloride, manganese, chromium, liquid oxygen, etc. 

(iii) Ferromagnetic. Those substances, which when placed in a magnetic field are 
strongly magnetised in the direction of the magnetising field, are called ferromagnetic 
substances. 

When a ferromagnetic substance is placed inside a magnetic field, the field 
inside the ferromagnetic substance gets greatly enhanced. As a result, when a 
ferromagnetic is placed in a non-uniform magnetic field, it quickly moves from 
weaker part to stronger part of the magnetic field. In other words, the ferromagnetic 
effects are perceptible even in the presence of weak magnetic field. Further, the 
ferromagnetic behaviour of a substance becomes temperature dependent above 
certain temperature, which is characteristic of that substance. It is called Curie 
temperature. The nature of a ferromagnetic may be compared to that of a ferroelectric 
type dielectric. A few examples of ferromagnetic materials are iron, nickel, cobalt, 
alnico, etc. 

The nature of diamagnetic, paramagnetic and ferromagnetic substances can 
be successfully explained on the basis of electron-theory of magnetism, which makes 
use of the fact that an atom may possess magnetic moment due to orbital and spin 
motion of the electron in the atom. 
gee 5.03. DIAMAGNETISM ON THE BASIS OF ELECTRON THEORY 

We know that in an atom, electrons revolve in circular orbits and as such they 
behave as tiny current loops and possess magnetic dipole moments. The magnetic 
dipole moment of an electron revolving with velocity v in an orbit of radius ris given 


by 


FS , (5.09) 


where e is magnitude of charge on the electron. Now, angular momentum of electron 
is given by 
L=m,vr, 
where m, is mass of electron. 
L 
mM, r 
Substituting for v in equation (5.09), we have 


Mee (5.10) 
2m 


v= 


e 


i TO aa Se i i tad 


— L ea (Ss til 
2m, ¢ ) 


The equation (5.11) tells that magetic dipole moment vector is directed in a 
lirection opposite to that of angular momentum vector. 

In a diamagnetic material, there are no unpaired electrons. Further, the two 
lectrons of a pair possess orbital motion in opposite directions. Fig. 5.03 shows the 
yrbital motion of an electron revolving in clockwise direction. The angular 


nomentum vector L of such an electron is along OZ’ and the magnetic dipole 
noment vector M is directed along OZ. For the orbital motion of an electron in anti- 
‘lockwise direction, the orientation of vectors M and L will be as shown in Fig. 5.04 
.e.the angular momentum vector nf is along OZ, while the magnetic dipole moment 


y 
vector M is along OZ’. Thus, the two electrons of a pair possess magnetic moments 


»qual in magnitude and opposite in direction and hence the magnetic moment of | 
any pair of electrons due to their orbital motion is zero. For similar reasons, the’ | 


Jiamagnetic atoms do not possess magnetic moments due to spin motion of electrons. 


— 
However, when external magnetic field B is applied, then magnetic Lorentz 
orce 


= > 5S 
F =-—e(v xB) 
acts on the electron. 
In case of an electron revolving in clockwise direction [Fig. 5.05], magnetic 


4 
Lorentz force F acts radially outwards and it tends to decrease the centripetal force 


on the electron. As a result, its velocity decreases to v- A v and hence magnetic 


-3 > 
dipole moment to M — A M. On the other hand, in case of electron revolving in anti- 


— 
clockwise direction [Fig. 5.06], the force F acts radially inwards and it tends to 
increase the centripetal force on the electron. It results in increase of velocity of the 
cay 


> 
electron to v+Av and hence magnetic dipole moment to M+ AM. Thus, on 


applying external magnetic field, the magnetic dipole moments of the two electrons 
in a pair no longer remain equal. The pair of electrons possesses a net magnetic dipole 


+ 
moment 2 AM ina direction opposite to the direction of applied magnetic field. The 


magnetic dipole moments of paired electrons in all atoms of the diamagnetic add 
up to account for the small magnetic moment of the specimen along a direction 
opposite to that of the applied field. The diamagnetic material, thus, gets feebly 
magnetised along a direction opposite to that of the applied field, which explains 
the behaviour of diamagnetics, when placed in external magnetic field. 


gmg5.04. PARAMAGNETISM ON THE BASIS OF ELECTRONTHEORY 

The atom of a paramagnetic substance possesses magnetic moment due to the 
orbital motion of the unpaired electron in the atom or due to spin motion of the 
electrons. The interaction between the atomic magnetic dipoles of the paramagnetic 
substances is very weak and therefore they may be regarded as independent of each 
other. Due to thermal agitation, the atomic magnetic dipoles are randomly oriented 
as shown in Fig. 5.07. : 

When external magnetic field is applied, the field tries to align the magnetic 
dipoles along its own direction but the thermal agitation hampers the alignment and 
the magnetic dipoles try to goin random directions. Therefore, when the temperature 
is low and the applied magnetic field is increased, more and more magnetic dipoles 


align themselves along the direction of the applied magnetic field. At a given | 


temperature, the maximum or saturation value of the alignment of magnetic dipoles 
will occur for a certain value of the applied magnetic field [Fig. 5.08]. 
For paramagnetic materials, it is observed that before such saturation occurs, 
the intensity of magnetisation of the material is ; 
(i) directly proportional to the magnetic intensity 1.e. 
I«H 


[oa — 
Combining the above two factors, we have 
H 
[oa — 
T 
or ee (5.12) 


where the constant of proportionality C is called Curie’s constant. From equation 
(5.12), we have 
mee 
He 
C 
5.13) 


i.e. the magnetic susceptibility of paramagnetic material is inversely proportional to its 
absolute temperature. It is called Curie’s law in magnetism. 


Wag 5.05. FERROMAGNETISM ON THE BASIS OF ELECTRON THEORY 
(DOMAINTHEORY) 

_ The atom of a ferromagnetic material also possesses non-zero magnetic 
moment as in case of a paramagnetic substance. However, due to a quantum 
mechanical effect, called exchange interaction, an unpaired electron in one atom 
interacts strongly with the unpaired electron in the neighbouring atom in such a way 
that they spontaneously align themselves in a common direction over a small volume 
of the material. These small volumes of uniform magnetisation are called domains. 
Although domains are extremely small in size (~ 10-!8 m? in volume), yet each 
domain contains a large number of atoms (~ 101! atomic magnetic dipoles). 

The magnetic moments of the atoms in one domain are parallel to each other 
and hence a domain possesses a small value of net magnetic dipole moment. In the 
absence of external magnetic field, the direction of magnetic moments in different 
domains are oriented randomly in different directions [Fig. 5.09]. The result is that 
one domain cancels the effect of the other, so that the net magnetic moment of the 
material is zero. The ferromagnetic material, thus, appears unmagnetised in the 
absence of an external magnetic field. 

When external magnetic field is applied, say from left to right ; the magnetic 
moments of domains progressively align along the direction of the external field 
in the following two ways : 

(i) If the ferromagnetic material is homogeneous and pure, then the domains 
in which the magnetic moments are parallel to the external field expand continually 
at the expense of remaining domains and ultimately the magnetic moments align 
themselves along the direction of the magnetic field. As shown in Fig. 5.10 (a), the 
magnetic moments in domain A only are parallel to the direction of external 
magnetic field. Then, as illustrated through Fig. 5.10 (6), (c) and (d), the domain A 
continually expands at the expense of other three domains and ultimately all the 
magnetic moments become parallel to the direction of external magnetic field. 
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Fig. 5.10 (a) Fig. 5.10 (b) Fig. 5.10 (c) Fig. 5.10 (d) 

(ii) If the external magnetic field is very strong, then magnetic moments in all 
the domains align themselves along the direction of applied magnetic field. 

Once the magnetic moments align themselves along the direction of applied 
magnetic field, the ferromagnetic material appears magnetised. If the magnetised 
ferromagnetic material is heated, the alignment of magnetic moments within the 
domain gets disturbed. The order of disturbance increases with increase in 
temperature and at the Curie point, the material is reduced to paramagnetic material. 

The susceptibility of a ferromagnetic substance above its curie temperature is inversely 


or Xm = 


proportional to the excess of temperature above the Curie temp 

Weiss law. . 

mmm 5.06. PROPERTIES OF DIA, PARA AND FERROMAGNETIC SUB- 
STANCES 

The three types of magnetic materials possess the properties as listed below : 

(a) Properties of diamagnetic substances. 1. A diamagnetic substance is feebly 
repelled by a magnet. 

When a diamagnetic substance is placed near a magnet (i.e in the magnetic field 
due to the magnet), its atoms acquire a small magnetic dipole moment in a direction 
opposite to that of the external magnetic field. As a result, the diamagnetic substance 
moves from stronger part of the magnetic field to its weaker part i.e. it is feebly 
repelled by the magnet. 

2. When a rod of diamagnetic substance is suspended inside a magnetic field, it slowly 
sets itself at right angles to the direction of the field as shown in Fig. 5.11 

It happens, because a diamagnetic substance is weakly repelled by a magnet. 

3. If a diamagnetic liquid contained in a watch glass is placed on two closely spaced 
pole-pieces of a magnet, it suffers a slight depression in the middle [Fig. 5.12]. However, 
the liquid shows a rise in the middle, when the pole-pieces are moved apart [Fig. 5.13]. 

When the pole-pieces of the magnet are close to each other, the magnetic field 
in the middle is stronger than that near the poles of the magnet. Since a diamagnetic 
substance moves from stronger part of the magnetic field to the weaker part, the 
liquid depresses in the middle. 

When the pole-pieces are moved apart, the magnetic field becomes weaker in 
the middle. As a result, the diamagnetic liquid shows a rise in the middle. 

4. For a diamagnetic substance, the intensity of magnetisation (I) has a small negative 
value. 

It is because, on being placed in a magnetic field, a diamagnetic substance gets 
slightly magnetised in a direction opposite to that of the field. 

5. When a diamagnetic material is placed inside a magnetic field, the magnetic field 
lines become slightly less dense in the diamagnetic material [Fig. 5.14]. 

When a diamagnetic substance is placed in a magnetic field, a small 
magnetization occurs opposite to the direction of the field. As a result, the magnetic 
field lines become less dense inside the diamagnetic material. 

6. The magnetic susceptibility (x,,) of a diamagnetic substance has a small negative 
value. 

Since for a diamagnetic substance, I has a small negative value, from the relation 

I 
A= H 

it follows that x,,, Will have a small negative value. It is of the order of 10 to 10° 
(negative). 

7. The relative permeability (u,) of a diamagnetic substance is slightly less than 1. 

Since for a diamagnetic substance, I has a small negative value, from the relation 

Me=lt+X 

it follows that y, will be slightly less than 1. 

8. When a diamagnetic substance is placed inside a magnetising field (H), the magnetic 
induction or magnetic flux density (B) in the diamagnetic substance is lesser than that in 
vacuum (yu, H)- 

Since for a diamagnetic substance, I has a negative value, from the relation 

B=yp,(H+D, 
it follows that B will be less than py H. 

9. The diamagnetic substances do not obey Curie’s law. 

It is because, the susceptibility of a diamagnetic substance does not change with 
temperature for practical purposes. However, bismuth (at low temperature) is an 
exception to this general property of diamagnetic substances. 

(b) Properties of paramagnetic substances. 1. A paramagnetic substance is feebly 
attracted by a magnet. 

When a paramagnetic substance is placed near a magnet, its atoms (possessing 
small magnetic dipole moments) align themselves along the direction of the 
magnetic field due to magnet. As such, the paramagnetic substance moves from 
weaker part of the magnetic field to its stronger part i.e. it is feebly attracted by the 
magnet. 


Key point W/ 


On placing a bar of diamagnetic 
material between two poles of a magnet, 
its end facing N-pole of the magnet 
‘becomes south pole, while the other end 
facing S-pole becomes north pole [Fig. 
5.14]. It is because, due to the magnetic 
field of the magnet, a small magneti- 


zation occurs opposite to the direction of 
the field. ee 


2. When a rod of paramagnetic substance is suspended ins 
sets itself parallel to the direction of the magnetic field [Fig. 5.15]. 
It happens, because a paramagnetic substance is weakly attracted by a magnet. 
3. If a paramagnetic liquid contained in a watch glass is placed on two closely spaced 


pole-pieces of a magnet, it shows a slight rise in the middle [Fig. 5.16]. On the other hand, — 


when the poles are moved apart, the paramagnetic liquid gets depressed in the middle [Fig. 
527] 

As said earlier, when the pole-pieces of the magnet are close to each other, the © 
magnetic field in the middle is stronger than that near the poles of the magnet. Since 
a paramagnetic substance moves from weaker part of the magnetic field to the © 
stronger part, the liquid rises in the middle. The reverse happens, when the pole- 
pieces of the magnet are moved apart. 

4. For paramagnetic substances, the intensity of magnetisation (I) has a small positive 
value. 

It is because, on being placed in a magnetic field, a paramagnetic substance 
gets slightly magnetised in the direction of the field. 

5. When a paramagnetic material is placed inside a magnetic field, the magnetic field 
lines become slightly more dense in the paramagnetic material [Fig. 5.18]. 

When a paramagnetic substance is placed in a magnetic field, a small — 
magnetisation occurs in the direction of the field. As a result, the magnetic field lines _ 
become more dense inside the paramagnetic substance. 

6. The magnetic susceptibility (y,,,) of a paramagnetic substance has a small positive 
value. 

Since for a paramagnetic substance, I has a small positive value, from the 


relation 


I 
Xm = i. 
it follows that y,,, also has a small positive value. It is of the order of 10 to 10°. 

7. The relative permeability (u,) of a paramagnetic substance is slightly greater than 1. 

Since for a paramagnetic substanice, I has a small positive value, from the. 
relations 

Me = 1+ ky 
it follows that 1, will be slightly greater than 1. 

8. When a paramagnetic substance is placed inside a magnetising field (H), the magnetic 
flux density (B) in the paramagnetic substance is greater than that in vacuum (y, A). 

Since for a paramagnetic substance, I has a small positive value, from the 
relation 

B =p, (H+D, 
it follows that B will be greater than pH. 

9. The paramagnetic substances obey Curie’s law i.e. the susceptibility of paramagnetic 
substances is inversely proportional to its absolute temperature. 

It follows that a paramagnetic substance tends to lose its magnetic character — 
on being heated. 

(c) Properties of ferromagnetic substances. The properties of ferromagnetic 
substances are similar in nature to those of paramagnetic substances but the effect 
is much more pronounced in case of ferromagnetics. Their properties are as listed 
below : 

1. A ferromagnetic substance is strongly attracted by a magnet. 

2. When a rod of ferromagnetic substance is suspended in a magnetic field, it quickly 
aligns itself along the direction of the magnetic field as shown in Fig. 5.15. 

3. The ferromagnetic materials move from weaker part of the magnetic field to the 
stronger part. 

Ferromagnetism is not found in liquids and gases. However, if a finely 
powdered ferromagnetic solid contained in a watch glass is placed on the two pole- 
pieces of a magnet, the material rises in the middle as in the case of paramagnetics 
[Fig. 5.16]. When the pole-pieces are moved apart, the material depresses in the 
middle [Fig. 5.17]. 

4. When a ferromagnetic material is placed inside a magnetic field, the magnetic field 
lines becomes highly dense in the ferromagnetic substance as shown in Fig. 5.19. ~ 


When a ferromagnetic material is placed in a magnetic field, a large 
magnetisation occurs in the direction of magnetic field. 
5. For a ferromagnetic substance, the intensity of magnetisation (1) has a large positive 
value. 
It is because, on being placed in a magnetic field, a ferromagnetic substance 
gets strongly magnetised in the direction of the field. 
6. The magnetic susceptibility (Y,,) of a ferromagnetic substance has a large positive 
value. 


It follows from the relation : Xm = = [rity 

It is of the order of several thousands. 

7. The relative permeability (u,) of a ferromagnetic substance ts extremely large as 
compared to 1. 

It follows from the relation : #, = 1+ Xn 

It is of the order of several thousands. 

8. When a ferromagnetic substance is placed inside a magnetising field (H), the magnetic 
flux density (B) in the ferromagnetic substance is much larger than that in vacuum (yy H). 

It follows from the relation : B = p) (H+ D. 

9. The ferromagnetic substances do not obey Curie’s law. 

The susceptibility of ferromagnetic substances decreases with the rise of 
temperature in a complicated manner. At a certain temperature, called Curie point 
or Curie temperature, a ferromagnetic substance starts behaving as a paramagnetic 
substance. In case of iron, the Curie point is 1043 K. After Curie point, the 
susceptibility of a ferromagnetic substance varies inversely with its absolute 
temperature. In other words, a ferromagnetic substance obeys Curie’s law only 
above its Curie point. 


gue 5.07. HYSTERESIS 


Consider that a specimen of ferromagnetic material is placed in a magnetising 
field, whose strength and direction can be changed. Suppose that the specimen is 
unmagnetised initially. When the magnetising field (H) is increased, the intensity 
of magnetisation (1) of the material of the specimen also increases. It is found that 
when the magnetising field is made zero, the intensity of magnetisation does not 
become zero but still has some finite value. It becomes zero only, when magnetising 
field is increased in reverse direction. In other words, intensity of magnetisation does 
not become zero on making magnetising field zero but does so a little late and this 
effect is called hysteresis. 

The lag of intensity of magnetisation behind the magnetisation field during the process 
of magnetisation and demagnetisation of a ferromagnetic material is called hysteresis. 

Fig. 5.20 shows the magnetisation curve of a ferromagnetic material, when it 
is taken over a complete cycle of magnetisation. Corresponding to point O, the 
magnetising field (H) is zero and likewise intensity of magnetisation (1) is also zero. 
As magnetising field is increased, intensity of magnetisation also increases along 
OA. Corresponding to point A, the intensity of magnetisation becomes maximum. 
The increase in value of the magnetising field beyond Hp does not produce any 
increase in the intensity of magnetisation. In other words, corresponding to point 
A, the specimen of the ferromagnetic material acquires a state of magnetic saturation. 
If magnetising field is now decreased slowly, intensity of magnetisation decreases 
but not along the path AO. It decreases along the path AB. Corresponding to point 
B, magnetising field becomes zero but some magnetisation equal to OB is still left 
in the specimen. Here, OB gives the measure of retentivity of the material of the 
specimen. 

The value of the intensity of magnetisation of a material, when the magnetising field 
is reduced to zero, is called retentivity of the material. It is also known as residual 
magnetism or remanent magnetism or remanence. 

To reduce intensity of magnetisation to zero, the magnetising field has to be 
increased in reverse direction. As it is done so, the intensity of magnetisation 
decreases along BC, till it becomes zero corresponding to point C. Thus, to make 
intensity of magnetisation Zero, magnetising field equal to OC has to be applied in 
reverse direction. Here, OC gives the measure of coercivity of the material of the 
specimen. 


Key point as pe 


Both in paramagnetic and ferromagnetic 
substances, magnetism decreases, when 
they are heated. In is because, as tempe- 
rature rises, the alignment of molecular 
magnets gradually decreases due to 
thermal agitation. 


‘The dictionary meaning of the word 
hysteresis is “coming late’ 


apse 
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Hysteresis is shown by only ferromagnetic 
substances. 
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The value of reverse magnetising field 
zero, is called coercivity of the material. 
When the magnetising field is further increased in reverse direction, intensity 
of magnetisation increases along CD as the magnetising field is increased. 
Corresponding to point D (when the magnetising field becomes — H)) it again 
acquires a saturation value, which is symmetrical to that corresponding to point 
A. If the magnetising field is decreased from — H, to zero, the intensity of 
magnetisation follows the path DE. Finally, when magnetising field is increased in 
original direction, the point A is reached via EFA. If the magnetising field is 
repeatedly changed between H, and — Hy, the curve ABCDEFA is retraced. The curve 
ABCDEFA is called the hysteresis loop. It is found that the area of the hysteresis 
loop (I—- H curve) is proportional to the net energy absorbed per unit volume by 
the specimen, as it taken over a complete cycle of magnetisation and demagneti- 
sation. The energy so absorbed by the specimen appears as the heat energy. 


5.08. HYSTERESIS LOOPS FOR SOFT IRON AND. 
STEEL 


The shape of the hysteresis loop is a characteristics of a ferromagnetic substance. 
It gives the idea about many important magnetic properties of the substance. 

Fig. 5.21. shows hysteresis loops for soft iron and steel. Whereas the hysteresis 
loop for soft iron is narrow, the hysteresis loop for steel is quite wide. The following 
conclusions can be drawn from the study of the hysteresis loops of soft iron and 
steel. 

1. The area of hysteresis loop for soft iron is much smaller than that for steel, 
therefore loss of energy per unit volume in case of soft iron will be very small as 
compared to that in case of steel, when they are taken over a complete cycle of 
magnetisation. and demagnetisation. 

2. Soft iron acquires maximum intensity of magnetisation for comparatively _ 
much lesser value of magnetising field than in case of steel. In other words, soft iron 
is much strongly magnetised (or more susceptible to magnetism) than steel. 

3. The retentivity of soft iron is greater than that of steel. On removing 
magnetising field, quite a large amount of magnetisation is retained by soft iron. 

4. The coercivity of steel is much larger than that of soft iron. Therefore, the 
residual magnetism in steel can not be destroyed that easily as in case of soft iron. 


gue 5.09. APPLICATIONS OF FERROMAGNETIC SUBSTANCES 


The choice of a particular ferromagnetic material for a practical application is 
decided from the magnetic properties, such as retentivity, coercivity and area of the 
hysteresis loop. 

1. Permanent magnets. The materials used for making permanent magnets 
should possess a high value of both retentivity and coercivity. Soft iron has high 
retentivity but due to small value of coercivity, it is unsuitable for making permanent 
magnets. Steel possesses fairly larger value of retentivity and a high value of 
coercivity. No doubt, large magnetising fields are needed to magnetise steel but once 
magnetised, the magnetisation is retained to a large extent due to its large retentivity. 
The magnetisation in steel is not easily destroyed, even if it gets exposed to stray 
reverse magnetic fields or when handled roughly. The area of hysteresis loop is large 
for steel but it is of no consideration as a permanent magnet has never to be taken 
through a cycle of magnetisation. Cobalt steel (52% iron, 36% cobalt, 7% tungsten, 
35% chromium, 0-5% manganese and 0 - 7 % carbon) and carbon steel (98% iron, 
0:86% carbon and 0-9% manganese) are used for making permanent magnets. The 
alloy alnico (55% iron, 10% aluminium, 17% nickel, 12% cobalt and 6% copper) is 
also very suitable for making permanent magnets. The only disadvantage is that 
alnico is brittle. The following table gives the retentivity and coercivity of cobalt steel, 
carbon steel and alnico : ‘ : 


2. Electromagnets. These are the magnets, which can be turned on and off by 


(is 


switching the current on and off. Obviously, the materials used for making an 
electromagnet should possess high retentivity and low coercivity. Since such a 
material has to undergo magnetisation and demagnetisation again and again, the 
area of hysteresis loop of the material used for making electromagnet should also 
be small. All these requirements are best fulfilled by soft iron. An electromagnet is 
made by winding a coil of insulated wire around a soft iron core. When electric 
current is passed through the wire, magnetic field set up in the coil magnetises the 
soft iron core. When the current is switched off, the magnetic field disappears and 
the soft iron core loses its magnetism. The electromagnets are used in electric bells, 
relays, telephones, etc. In factories, electromagnets are used to lift heavy machines 


and bulks of iron scrap. 


3. Transformer cores. For better inductive effect, the two coils of a transformer 


are always wound on a core of ferromagnetic material. When alternating current 
is passed through a transformer, the core of the transformer undergoes a large 


number of cycles of magnetisation and demagnetisation every second. During each 
cycle, energy proportional to the area of the hysteresis loop for the material of core 
is wasted in the form of heat. So that efficiency of the transformer is high, the material 
chosen for making the core of the transformer should have narrow hysteresis loop. 
On account of this, soft iron is used to make the core of transformers. Mumetal (76% 


nickel, 17% iron, 5% copper and 2% chromium) also possesses a narrow hysteresis 


loop and is used for making the core of transformers. 


Type A. On Magnetisation, Permeability and 
Susceptibility 


Problem 5.01. The permeability of mumetal is 
measured to be 0-12 T A“! m. Find its relative permeability 
and susceptibility. 

Sol. Here, #=0-12TA!m 

We know, #,=4% x 107T Alm 

anaes eg Home 10 
Uo 4x10 

Also, o M4, =p = 9: 59.x 104-1=9-59 x 104 

Problem 5.02. An iron rod of 0-5 cm? area of cross- 
section is subjected to a magnetising field of 1200 A m“. 
If susceptibility of iron is 599, calculate (i) ¢ (ii) B and 
(iii) @ (magnetic flux) produced. 

Sol. Here, A=0 -5cem*=0-5x 104 m2; 

H=1200Am! ; 7,,=599 
We know, #)=4ax107TA?Tm 
(i) Ue = Hy (1 + Xyq) = 40 x 107 (1 + 599) 
=7-54x104TA?m 
B=" H=7-54 x 104 x 1200 =0-905T 
¢=BA=0-905x0-5x 10+ 
= 4-525 x 10° Wb 

Problem 5.03. A Rowland ring of mean radius 15 cm 
has 3500 turns of wire wound on a ferromagnetic core of 
relative permeability 800. What is the magnetic field in the 
core for a magnetising current of 1- 2A? (Text Problem) 

Sol. Here, I=1 2A; pt, = 800;a=15cm=0-15m, 

Total number of turns = 3500 

Length over which the wire is wound, 

l=2ma=2nx0-15m 


(ii) 


(iii) 


eCRritsEYY AVIA eW 


The ferromagnetic materials used for 
making electromagnets or core of a trans- 
former should possess high retentivity, 
low coercivity and small area of |- H 
curve. | 
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Therefore, number of turns per unit length, 
BS00 3500 

l 27x0-15 
If u, is relative permeability of the core, then 
4nx10~” x 800 x 3500 x 1-2 


n 


B= l= 

Ho rl 2nx0-15 
=4-48T 

Type B. On Curie’s Law 


Problem 5.04. For a magnetising field of intensity 
2 x 10? A m7}, aluminium at 280 K acquires intensity of 
magnetisation of 4-8 x 107 A m_. Find the susceptibility 
of aluminium at 280 K. If the temperature of the alumini- 
um is raised to 320 K, what will be its susceptibility and 
intensity of magnetisation ? 

Sol. Here, H = 2 x 10?Anr! ; 

1=4-8x 10? Amr! and T = 280K 

4-8x 10 


2x 10° 

Aluminium is a paramagnetic substance and hence 
obeys Curies’ law. If %m' is susceptibility of aluminium at 
temperature T’ (= 320 WK), then 


aS ui 
Xm_ = or 
Litas Rie 


I 
Now, ku? FF =2-4x10° 


Xm =Xm* T 


, 3, 280 5 
or Kea =2-4x 10" Sigaqut we 
If I’ is intensity of magnetisation of aluminium at 320 K, 


then 
I’ =y,,/ H=2-1x 10x 2x 10° 
=4-2x10%Am"? 


Problem 5.05. An iron sample having mass 8 - 4 kg is 
repeatedly taken over cycles of magnetisation and demag- 
netisation at a frequency of 50 cycles s—!. It is found that 
energy equal to 3-2 x 104 J is dissipated as heat in 
the sample in 30 minutes. If the density of the iron is 
7200 kg m-%, calculate the value of energy dissipated per 
unit volume per cycle in the iron sample. 

Sol. Let OQ be the energy dissipated per unit volume per 
second in the given iron sample. Then, total energy lost by the 
sample in a given time f, 


Where V is volume ay the sample and vis frequency of 
magnetisation and demagnetisation. 


‘8:4 
Heres) W283 22% 108 V =e -3 


density 7200 Se 
v = 50 cycle s“! and f = 30 minutes = 30 x 60s 
From equation (i), we have 
fon 3-2x 104 x 7200 
"VxvXxt 84x 50x 30x 60 
= 304-8 J m™® cycle 


Problem 5.06. A bar magnet has pole strength 4-5 A m, 
ghee length 12 cm and cross-sectional area 
0-9 cm?. Find (a) intensity of magnetisation (I), (b) mag- 
netic intensity (H) at the centre and (c) magnetic induc- 
tion (B) at the centre of the magnet. 
Sol. Here, m=4-5Am;21=12 cm=0-12 mand 
ath ene 0 ex 10° m4 


=5x10'Am1 


(a) Now, I = 


(from S-pole to N-pole) 
(b) The magnetic intensity due to a magnetic pole at a 
distance r is given by 


dei TT, 
An r2 
For a point at the centre of the magnet, 
yA ia 
oe Salis =0-06m 
2 2 


Therefore, magnetic intensity at the centre of magnet due 
to its N-pole, 


ie oe 
‘4m (0-06)? 
=99-5Am! (towards S-pole) 


Also, magnetic intensity at the centre of magnet due to 
its S-pole, 
1 4-5 
4x (0-06) 
= 99-5 Am"! (towards S-pole) 
The resultant magnetic intensity at the centre of the 
magnet, 


Dies 


H=H,+H,=99-5+99-5 


= = 199 Am (towards S-pole) 


(c) Now, magnetic induction at the centre of the magnet, 
B=p,(H+D 


Q. 5.01. Define intensity of magnetisation of a 
magnetic material. How does it vary with temperature of a 
paramagnetic material ? (C.B.S.E. 2001) 

Ans. Intensity of magnetisation of a substance is defined as 
the magnetic moment developed per unit volume, when it is 
subjected to a magnetising field. 

The intensity of magnetisation of a paramagnetic 
substance is inversely proportional to its absolute 
temperature. “ 


i Fu. 


For ambitious, brilliant & curious Students 


Since Hand I have opposite direction and lis greater 
than H, . 
B=42x 107 199 +5 x 104) 
=6-26x107T (towards N-pole) 

Problem 5.07. A sample of paramagnetic salt contains 

2-0 x 1074 atomic dipoles, each of dipole moment 
1-5x10-73J T. The sample is placed under homogeneous 
magnetic field of 0 - 84 T and cooled to a temperature of 
4-2K. The degree of magnetic saturation achieved is equal 
to 15%. What is the total dipole moment of the sample fora 
magnetic field of 0-98 T and a temperature of 2-8 K (assume 
Curie’s law) ? _ ext Problem) 

Sol. Magnetic dipole moment of each dipole 

=1-510-45TA 

Number of atomic dipoles = 2 - 0 x 1074 

Therefore, possible magnetic dipole moment of the 
sample, 

M=1-5x10% x 2-0x 1074=30JT7 
At temperature of 4 - 2 K, the magnetic saturation is 15%. 
Therefore, dipole moment achieved at 4 - 2 K, 


M, = 30 x Be 4-5 
100 


According to Curie’s law, 
B M; _ Bi Th 
Maree yi Moray C85 
or M, =M po abe D2, 
2 jij Tt B, 
Here, M,=4:5JT1!;T,=4-2K;T,=2-8K; 
B, =0-84T and B, =0-98T 
4-5x4-2x0-98 


yee =7-875JT1 
2:8x 0-84 


With sina aihia/itasks 
Q. 5.02. Write down the dimensional formula of 
magnetic flux. (H.S.S.C.E. 2001) 
ans. The dimensional formula of magnetic flux is 
[M L2 T-? A~!]. For details, refer to SAQ 4.03. 
Q. 5.03. Name the physical quantity which is measured 
in weber ampere™! (H.S.S.C.E. 1994) 
_ weber metre” 1 


B 
Ans. 2] = he Weve? ampere 
M |- ampere metre 


noment is measured in weber ampere™!. 
Q. 5.04. Define magnetic susceptibility. 
(H.S.S.C.E. 2001) 
Ans. It is defined as the ratio of the intensity of magnetisation 
f a substance to the intensity of magnetising field. 
Q. 5.05. Define magnetic permeability. (I.S.C.E. 1998) 
Ans. It is defined as the ratio of the magnetic induction 
B) to the magnetic intensity (H). 


Mathematically, p = # ; 


Q. 5.06. An iron rod of 0-1 m2 area of cross-section is 
subjected to a magnetising field of 1000 A m-!. Calculate 
ts magnetic permeability. Given susceptibility of iron is 
399. (H.S,S.C.E.)2001) 

Ans. Here, A= 0-1m?;H = 1000 Am and x,, = 599 

We know, ty =4 2 x 107 TA? m 

Now, He = My (1 +X) = 4% x 107 (1 + 599) 

=7-54x10*TA'm 


Q. 5.07. Name the source of magnetic properties of 


materials. 
Ans. Magnetism is an effect of electric charges in motion. 
The magnetic properties of the materials due to the atomic 
magnets, which are the tiny circulating currents in the form 
of electrons revolving in atomic orbits. 
Q. 5.08. What is meant by the non-magnetic material ? 
Ans. Non-magnetic materials are those materials, which 
cannot be affected very much by the strong magnetic field. 
Q. 5.09. What is a diamagnetic substance ? 
(2S SCTE: 1997) 
Ans. Asubstance, which when placed in a magnetic field 
gets feebly magnetised in a direction opposite to that of the 
magnetising field, is called a diamagnetic substance. 
Q. 5.10. Name any two diamagnetic substances. 
(P:S.S.C-E. 1999 $) 
Ans. 1. Zinc 2. Bismuth. 
Q. 5.11. What happens, when a diamagnetic substance 
is placed in a varying magnetic field ? 
(P.S.S.C.E. 2002, 1998) 
Ans. It moves from stronger part of the magnetic field 
to the weaker part. 
Q. 5.12. Why is diamagnetism independent of 
temperature ? (H.PS.S.C.E. 1996 ; Text Question) 
Ans. The atoms of a diamagnetic do not have intrinsic 
magnetic dipole moment. In a diamagnetic sample, the 
magnetic moment of the sample on placing in a magnetic field 
is always opposite to the direction of the field. It is not affected 
by the thermal motion of the dipoles. 
Q. 5.13. The magnetic susceptibility for a sample has 
a small negative value. To which class of magnetic 
substances, does the specimen belong ? 
Ans. Diamagnetic. 
Q. 5.14. What is paramagnetic substance ? 
(PS.S.C.E. 1999, 1998 S) 
Ans. Asubstance, which when placed in a magnetic field 
gets feebly magnetised in the direction of the magnetising 
field, is called a paramagnetic substance. 
Q. 5.15. Name any two paramagnetic substances. 
(515.0, 5.4999;S) 
Ans. 1. Aluminium 2. Manganese. 


16. The value of intensity of mag 
small positive for a specimen. Is it diamagnetic or 
paramagnetic or ferromagnetic ? 

Ans. Paramagnetic. 

Q. 5.17. Why does a paramagnetic sample display 
greater magnetisation (for the same magnetising field), 
when cooled ? (Text Question ; H.P.S.S.C.E. 1998 S) 

Ans. When cooled, the tendency of the thermal agitation 
to disrupt the alignment of magnetic dipoles decreases in case 
of paramagnetic materials. Hence, they display greater 
magnetisation. 

Q. 5.18. State Curie law in magnetism. 

(H.P.S.S.C.E. 2001) 

Ans. Refer to section 5.04. 

Q. 5.19. What is Curie point ? 

Ans. It is the temperature for a ferromagnetic substance 
above which, it behaves as paramagnetic. 

Q. 5.20. How does the magnetic induction of a 
paramagnetic material vary with temperature ? 

(C.B.S.E. 2000, 1999) 

Ans. It decreases with increase of temperature. 

Q. 5.21. How does the intensity of magnetisation of a 
paramagnetic material vary with increasing applied 
magnetic field ? (C.B.S.E. 1996) 

Ans. The intensity of magnetisation of a paramagnetic 
material increases directly with increase in applied magnetic 
field. 

Q. 5.22. How can paramagnetic and diamagne' 
materials be distinguished by studying their behaviour ix: 
a magnetic field ? (I.S.C.E. 1994) 

Ans. In a non-uniform magnetic field, a paramagnetic 
substance will move from weaker part of the magnetic fie. 
to the stronger part, while a diamagnetic substance will mc ve 
from stronger to weaker part of the field. 

Q. 5.23. State two properties of ferromagnetic subs- 
tances. (P5.5,C.E. 2002) 

Ans. Refer to section 5.06. 

Q. 5.24. Why do magnetic field lines prefer to pass 
through ferromagnetic substances (e.g. iron) than through 
air? (G.BiSG.E41999) 

Ans. Ferromagnetic substances have relative 
permeability quite greater than 1. Hence, the magnetic field 
lines prefer to pass through them. 

Q. 5.25. What type of magnetic material is used in 
making permanent magnets ? (C.B.S.E. 1999 S, 1996) 

Ans. For making permanent magnet, a material having 
high coercivity is used. 

Q. 5.26. Why is it possible to make permanent magnets 
out of steel ? (I.S.C.E. 1998) 

Or 

Why do we prefer to use the alloy alnico for making 

permanent magnets ? (4 PSS:G.E, 1998) 
- Ans. It is because, steel (or alnico) has a large coercivity. 

Q. 5.27. Soft iron is used to make electromagnets. 
Why ? (H.S.S.C.E. 2000) 

Ans. It is because of the fact that hysteresis loop for soft 
iron is narrow. Due to this, loss of energy per unit volume is 
small, when soft iron is taken over complete cycle of 
magnetisation. 


.28. used in making 
of a transformer or a moving coil oalsancinerer rs 
(C.B.S.E. 1999 S, 1996) 
Ans, Soft iron is used in making the core of the galvano- 
meter. It makes the magnetic field strong as magnetic field 
lines tend to cross through a ferromagnetic. 
Q. 5.29. Why soft iron is used in making the core of a 


transformer ? (P.S.S.C.E. 2002) 
Ans. The area of hysteresis loop for soft iron is very 
small. Since energy dissipated during a complete cycle of 
magnetisation and demagnetisation is proportional to area 
of the hysteresis loop, a small amount of energy will be 
wasted, when core of the transformer is made of soft iron. 


Q. 5.01. What is meant by magnetic field and magnetic 
field intensity ? (H.S.S.C.E. 1994) 

Ans. Refer to section 5.01. 

Q. 5.02. Define magnetic flux. Write its dimensions. 

(P.S.S.C.E. 2000, 1998 S) 

Ans. Magnetic flux through a surface is defined as the 
number of magnetic field lines passing normally through that 
surface. Mathematically, 


37 FG 
¢=B.AS, 
rere the letters have their usual meanings. 

Dimensional formula of magneticflux[¢]=[ML?T?A“!] 

Q. 5.03. Define magnetic susceptibility and magnetic 
permeability. 

Ans. Refer to section 5.01. 

Q. 5.04. What is relative permeability of a magnetic 
material ? How is it related to the magnetic susceptibility ? 

(I.S.C.E. 1997) 

Ans. The relative permeability of a material is defined 
as the ratio of its absolute permeability to the absolute 
permeability of vacuum. 


Mathematically, yp, = 
am 0 


Relative permeability (u,) and magnetic susceptibility 

are related to each other as 
Hp=14+Xm 

Q. 5.05. What do we infer from the large value of the 
susceptibility of the material ? For example, susceptibility 
of iron is more than that of copper. Explain. 

Ans. The susceptibility of a material is defined as the 
ratio of the intensity of magnetisation (I) to the magnetic 
intensity (H) i.e. 


Xm == 


In other words, greater the value of the susceptibility of 
a material, greater will be the value of intensity of 
magnetisation for it i.e. more easily it can be magnetised. 
Thus, greater value of susceptibility for iron means that iron 
can be magnetised more easily than copper. 
Q. 5.06. Distinguish between dia, para and ferro 
magnetic substances. Give one example of each. 
(H.S.S.C.E. 1999 ;'C.B.5.6. 1994) 


ray aralles area nan that of a caren eal"; piece. if the 
material is to go through repeated cycles of magnetisation 
which piece will dissipate greater heat energy ? 
(Text Question 
Ans. The carbon steel piece will dissipate greater hea’ 
energy as its hysteresis loop has greater area. 
Q. 5.31. State two methods to destroy the magnetism 
of a magnet. (P.S.S.C.E. 2002, 


Ans. 1. By applying magnetising field in reverse 
direction. 
2. By heating the magnet. 


With Answers/Hints 
Or 

Give one difference each between diamagnetic, para 
magnetic and ferromagnetic substances. (C.B.S.E. 1992 

Ans. A diamagnetic is feebly magnetised in a directior 
opposite to the direction of magnetising field, whereas < 
paramagnetic is magnetised feebly and ferromagneti 
strongly in the direction as that of the field. 

For examples, refer to section 5.06. 

Q. 5.07. Give any four properties of a diamagnetic 
substance. (PS S45, bi: tg 9S: 

Ans. Refer to section 5.06. 

Q. 5.08. The susceptibility of a magnetic material i: 
- 0- 085. Identify the magnetic type of the substance. A 
specimen of this material is kept in a uniform magneti: 
field. Draw the modified field pattern. (C.B.S.E. 2001, 

Ans. Since the susceptibility of the material has a smal 
negative value, the given material is diamagnetic in nature 

When this material is kept in a uniform magnetic field 
the magnetic field lines will become slightly less dense a: 
shown in Fig. 5.14. 

Q. 5.09. State two properties each of a para and dia 
magnetic substances. 

(P.S.S.C.E. 2000, 1999, 1998 S, 1997 S 

Ans. Properties of paramagnetic substances. 1. Wher 
placed in magnetic field, a paramagnetic material gets feebl} 
magnetised along the direction of field. 

2. It obeys Curie’s law in magnetism. 

Properties of diamagnetic substances. 1. When placec 
in magnetic field a diamagnetic substance gets feebl} 
magnetised in a direction opposite to that of the field. 

2. It does not obey Curie’s law. 

Q. 5.10. Distinguish between a diamagnetic substance 
and a paramagnetic substance stating two points o: 
difference. (C.B.S.E. 2001 S. 

Ans. Refer to section 5.06. : 

Q. 5.11. Two substances A and B have their relative 
permeabilities slightly greater and less than unity 
respectively. What do you conclude about A and B ? 

U.S.C. E1997 

Ans. We know, #, = 1+ Xn ; 

Since relative permeability of substance A is slightly 
greater than.1, it follows that its susceptibility is small positive 
and hence it is a paramagnetic substance. 


pe 
O 


tr 1, as re ty 
ightly less than 1, its susceptibility is small negative and 
ence it is a. diamagnetic substance. 

Q. 5.12. Give any four properties of a paramagnetic 


ubstance. hPS:S.(2.E..1999 3) 

Ans. Refer to section 5.06. 

Q. 5.13. Does the magnetisation of a paramagnetic salt 
epend on temperature ? Give reason for your answer. 

(C.B.S.E. 1990) 

Ans. Yes, the magnetisation of a paramagnetic salt 
epends on temperature. The atoms of a paramagnetic 
\aterial possess small magnetic dipole moments but these 
tomic dipoles are randomly oriented. When external 
1agnetic field is applied, the magnetic dipoles try to align but 
1e thermal agitation hampers the alignment. Hence, the 
1agnetisation of a paramagnetic salt depends on the 
>mperature. 

_, QO, 5.14. Distinguish between diamagnetic and para- 
1agnetic substances in terms of their susceptibility, perme- 
bility and nature of magnetism, when placed in a uniform 
iagnetic field. Ur SC5B.32 995) 

Ans. Refer to section 5.06. 

Q. 5.15. Would the maximum possible magnetisation 
f a paramagnetic sample be of the same order of magnitude 
s the magnetisation of a ferromagnetic ? (Text Question) 

Ans. Yes, a paramagnetic sample with saturated 
1agnetisation will have the same order of magnetisation as 
1e magnetisation of a ferromagnet. However, the saturated 
1agnetisation will require magnetising field too high to 
chieve. Further, there may be a minor difference in the 
trengths of the atomic dipoles of paramagnetic and 
>rromagnetic materials. 

Q. 5.16. Why are all pieces of iron not magnet even 
hough iron is a ferromagnetic material ? 

Ans. In iron, the atomic magnetic dipoles are randomly 
riented in the form of small domains, such that the net 
nagnetic moment of the specimen is zero. It becomes magnet 
nly on applying external magnetic field. When external field 
; applied, the magnetic dipoles align along the direction of 
he field and the specimen becomes magnet as it now 
ossesses non-zero magnetic moment. 

Q. 5.17. An iron bar magnet is heated to 1000° C and 
hen cooled in a magnetic field free space. Will it retain 
nagnetism ? (C.B.S.E. 1990) 


Ans. At 1000°C, which is quite above the Curie 
emperature for iron (770° C), the iron will behave as 
aramagnetic. Moreover, when a magnet is heated, it loses 


mgt Q. 5.01. A strong horse-shoe magnet is closed by a piece 
A made of iron [Fig. 5.22 (a)]. The weight of the iron 
yiece A corresponds to the lifting force of the magnet and 
he magnet can easily hold the piece of iron. If the poles of 
he magnet are now touched on the sides with a piece B 
nade of soft iron [Fig. 5.22 (b)], the iron piece A will drop 
it once. Explain the above observation with a proper 
xplanation. 

Ans. When the horse-shoe magnet is closed by piece of 
ron A, the magnetic field lines run through the magnet and 
he piece of iron Aas shown in Fig. 5.22 (a). As a result of the 


sm. Hence, iron bar magnet on heating to 1000° 
C and then cooled, will not retain its magnetism. 

Q. 5.18. Is the permeability of a ferromagnetic material 
independent of the magnetic field ? If not, is it more for 
lower or higher fields ? (Text Question) 

Ans. No, permeability of a ferromagnetic material 
depends upon the applied magnetic field. It is more for lower 
value of applied field. Graph between B and H is of the shape 
as shown in Fig. 5.20. Obviously, the value of B will be more 
for lesser value of H. 

Q. 5.19. Give two points to compare the magnetic 
properties of steel and soft iron. (C.B.S.E. 1990) 

Ans. 1. The area of the hysteresis loop for steel is larger 
than that for soft iron. On account of this, the loss of energy 
per unit volume in case of steel will be much larger as 
compared to that in case of soft iron, when they are taken over 
a complete cycle of magnetisation. For this reason, soft iron 
is used to make core of a transformer. 

2. The coercivity for steel is very large as compared to 
that for soft iron. For this reason, steel is used to make 
permanent magnet. 

Q. 5.20. What are the uses of studying the hysteresis 
curve for a given material ? 

Ans. The main use of the study of hysteresis curve of a 
material is that it gives an estimate of the hysteresis loss. 
Moreover, the study of the hysteresis curve helps in knowing 
the retentivity and coercivity of the material. Their knowledge 
helps in selecting proper materials for making core of 
transformers, permanent magnets and electromagnets. 

Q. 5.21. Why do we use steel or alnico for making 
permanent magnets ? 

Ans. The material used for making a permanent magnet 
should have high value of coercivity and also high value of 
retentivity. Moreover, the area of hysteresis curve should also 
be large. A permanent magnet is never taken through a 
complete cycle of magnetisation and hence large area of 
hysteresis curve will not be a demerit of such a material. Steel 
and alnico fulfil all these requirements. 

Q. 5.22. What sort of hysteresis loop should a material 
have, if it is to be used for the core of a transformer ? 

Ans. The core of a transformer undergoes cycles of 
magnetisation again and again. During each cycle of 
magnetisation, energy numerically equal to the area of the 
hysteresis loop is spent per unit volume of the core. Therefore, 
for high efficiency of transformer, the energy loss will be 
lesser, if the hysteresis loop is of lesser area i.e. narrow. Since, 
soft iron has narrow hysteresis loop, it should be used as the 
core of a transformer. 
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strong attraction, the piece of iron Ais held by the horse-shoe 
magnet. 

__ When the piece of iron B is placed in contact on the sides 
of horse-shoe magnet, part of the magnetic field lines are short 
circuited through this piece of iron [Fig. 5.22 (b)]. The number 
of lines of force penetrating the piece A sharply decreases. As 
a result, the attraction between the magnet and the iron piece 
A also decreases and it drops. 

Q. 5.02. A long rod R made of soft iron is placed in 

vertical position. If a strong magnet NS is brought to 
the top of the rod as shown in Fig. 5.23 (a), the rod gets 
magnetised so intensely that it is able to hold at its other end 
several small pieces of iron. If the same magnet NS is placed 
so as to stick to the rod at its side near the bottom, the 
magnetisation of the rod is too weak to hold the pieces of 
iron [Fig. 5.23 (b)]. Explain, why the magnet N S acts 
differently in these two cases. 


Fig. 5.23 (a) __—-Fig. 5.23. (b) Fig. 5.23. (c) 

Ans. The rod holds the small pieces of iron as it gets 
intensely magnetised due to the magnet placed at its top as 
shown in Fig. 5.23 (a). 

When the magnet is placed on the side of the rod [Fig. 
5.23 (b)], most of the magnetic lines of force are short-circuited 
inside the part of rod adjoining the magnet as shown in Fig. 
5.23 (c). As such, the rod does not remain intensely 
magnetised as before. The result is that the pieces of iron drop. 

Q. 5.03. A certain region of space is to be shielded from 

magnetic fields. Suggest a method. (Text Question) 

Ans. It can be done by surrounding the region with soft 
iron rings. Magnetic field lines will be drawn into the rings 
and the enclosed space will be free of magnetic field. 

Q. 5.04. If a toroid uses bismuth for its core, will the 

field in the core be (slightly) greater or (slightly) less 
than when the core is empty ? (Text Question) 

Ans. Since bismuth is diamagnetic, the field in the core 
will be slightly less than that when the core is empty. 

Q. 5.05. Several steel needles are freely suspended on 

hooks from a small brass disc as shown in Fig. 5.24. If 
the pole of a strong magnet is brought up to the needles from 
below ; the needles will first be drawn apart and then will 
again assume a vertical position, when the magnet is 
brought right up to them. As the magnet is removed, the 


mendiee will again be drawn apart forming a cone-s ape 
bunch. Explain the causes of such behaviour of the needles 


Fig. 5.24 

Ans. All the steel needles develop south-poles at their 
lower ends due to induced magnetism and are drawn apart 
due to mutual force of repulsion between them. 

When the magnet is sufficiently close to the needles, the 
force of attraction between the needles and the magnet 
exceeds the mutual force of repulsion between them. Under 
the effect of net attractive force due to the magnet, the stee 
needles assume a vertical position. 

When the magnet is removed, the needles are agair 
drawn apart due to the mutual repulsive force between the 
needles because of the residual magnetism left on the needles 

Q. 5.06. Magnetic field lines are always nearly normal 

to the surface of a ferromagnet at every point (This fac 

is analogous to the static electric field lines being normal tc 
the surface of a conductor at every point). Why ? 

(Text Question 

Ans. The exact explanationis beyond thescope of thebook 
However, it may be said that when a material haspz, > >1, the 
field lines meet the material nearly normally. 

Q. 5.07. A small thin iron nail is suspended from a light 

fire-proof thread [Fig. 5.25]. A strong electro-magnet is 
placed near the nail and a flame from a gas burner is 
produced between the nail and the electromagnet. The 
flame licks the nail, when it is attracted by the magnet. A: 
the current through the solenoid of the electro-magnet is 
switched on, the nail will be at once deflected into the flame 
and will then get out of the flame to assume its original 
position. After a lapse of time, the nail will again be drawr 
to the magnet. Explain, what causes these periodic 
oscillations of the nail. 


Fig. 5.25 
Ans. When the iron nail is drawn into the flame on being 
attracted by the electromagnet, it loses its ferromagnetism or 


fing heated. ’ 
he electromagnet decreases abruptly and it returns to its 
nitial position. As the nail cools, it regains its ferromagnetism 
ind again gets attracted towards the magnet and is drawn 
nto the flame. The process repeats itself and the nail executes 
deriodic oscillations. 

Q. 5.08. Suppose a man proposes a theory that the 
- earth’s magnetic field is due to permanent magne- 
sation of molten iron core of earth. Will you accept this 
theory ? Give reasons for your answer. (Roorkee, 1980) 

Ans. Curie temperature of iron is 770°C and the 
temperature of earth increases by 6°C km. Since radius of 


1. Explain the terms (a) magnetic intensity, (b) intensity of 
magnetisation, (c) magnetic flux, (d) magnetic induction, 
(e) magnetic susceptibility and (f) magnetic permeability. 
Give their SI units. 

2. Distinguish between paramagnetic, diamagnetic and 
ferromagnetic substances. 

(H.S.S.C.E. 2002 ; C.B.S.E. 1992) 

3. What is the difference between ferromagnetic, 
paramagnetic and diamagnetic substances ? Classify the 
following materials in respect of the magnetic behaviour 
: i) Mercury (ii) Water (iii) Iron (iv) Aluminium. 

4. What are the categories, in which magnetic materials are 
classified ? Explain their differences.  (C.B.S.E. 1992 S) 

5. What are dia, para and ferromagnetic substances ? Give 
one example of each. (H.S.S.C.E. 2002) 

6. Classify materials on the basis of their behaviour in a 
magnetic field. Under which category does iron come ? 
How does the magnetic property of iron change with 
increase of temperature ? (G.B.S.E. 1995) 

7. Whatare diamagnetic substances ? Explain diamagnetism 
on the basis of electron theory. (H.S.S.C.E. 2001) 


1. Distinguish between ferromagnetic, paramagnetic and 
diamagnetic materials. Explain diamagnetism and 
paramagnetism on the basis of electron theory. Give main 
properties of diamagnetic materials. 

2. Describe briefly, how ferromagnetism can be explained on 
the basis of the domain theory. Give the important 
properties of ferromagnetic and diamagnetic substances. 


tibility 


1. A magnet weighs 75 g and its magnetic moment is 
2 x 10-4 A m2. If the density of the material of the 
magnet is 7:5 x 10° kg m°, calculate the intensity of 
magnetisation. [Ans. 20 A m“‘] 

2. The magnetic induction and magnetising field in a sample 
of magnetic material are 1:0 Wb mand 2 x 10° Am! 
respectively. Find (a) magnetic permeability (0) relative 
permeability of the material, (c) magnetic susceptibility 


earth is 6400 km, the temperature of the iron core of earth w 
be so high that it can not retain magnetism. Hence, such a 
theory is not acceptable. 

QO. 5.09. What kind of ferromagnetic material is used 
na for coating magnetic tapes in a cassette player or for 

uilding ‘memory stores’ in a modern computer ? 
(Text Question) 

Ans. Ceramics are used for coating magnetic tapes in a 
cassette player or for building memory stores in a modern 
computer. Ceramics are specially treated barium iron oxides 
and are also called ferrites. 


-FREQUENTLY ASKED SHORT ANSWER QU ESTIONS... 


Carrying 3 Marks 
8. How are materials classified according to their behaviour 
in a magnetic field ? Why does the magnetisation of a 
paramagnetic salt increase on cooling ® (C2 5.E;.1991) 
9. State and explain Curie’s law in magnetism. 
(PS.S.C.E. 2001, 2000 ; C.B.S.E. 1997) 
10. What are ferromagnetic substances ? Explain briefly 
domain theory to explain ferromagnetism. 
(H.P.S.S.C.E. 2002) 
11. Give any six properties of diamagnetic substances. 
(P.S.S.C.E. 2001) 
12. Compare any four properties of diamagnetic and 
paramagnetic substances. (H.S'S:G.E, 2001) 
13. Explain magnetic hysteresis. (H.S.S.C.E. 2001) 
14. What is hysteresis loop ? Explain with its help the terms 
related to it. (H.P.S.S.C.E. 1999) 
15. What is a hysteresis loop ? Explain the different portions 
of a complete hysteresis loop. 
16. Explain the phenomenon of hysteresis. Draw a hysteresis 
loop showing the remanence and coercive force. 
(1.S.C.E. 1996) 


|. FREQUENTLY ASKED LONG-ANSWER QUESTIONS ~ 
cu ns Ft 51 Alle 


Carrying 5 Marks 

3. What are dia, para and ferromagnetic materials ? Discuss 
their important properties. 

(H.PS.S.C.E. 1994 ; C.B.S.E. 1992, 1991 ; P.S.S.C.E. 1992) 

4. Define coercivity and remanence. How are soft iron and 

hard steel distinguished by the values of these quantities 

? Sketch the hysteresis loop for soft iron and hard steel. 

What do you infer about these materials from their 

hysteresis loops ? 


IERICAL PROBLEMS... 


For Practice 
and (d) intensity of magnetisation. Given, Hy = 47 x 1c; 1 
A“! m. 

[Ans. (a) 5 x 104 T m A7! m; (b) 397-9 ; (c) 396-9 ; 

(d) 7-94 x 10° Am] 

3. The magnetising field of 1600 A m7! produces a magnetic 

flux of 2-4 x 10° weber in a bar of iron of cross-section 

0-2 cm2. Calculate relative permeability, intensity of 
magnetisation and susceptibility of the bar. 

[Ans. 596-8, 9-534 x 10° A m!, 595-8] 

4. The core of a toroid having 3000 turns has inner and outer 

radii of 11 cm and 12 cm respectively. The magnetic field 


in the core for a current of 0-70 Ais 2:5 T. Whatis 
permeability of the core ? ' (Text Problem) 
[Ans. 684-5] 
5. A Rowland ring has 10° turns per unit length. On 
passing a current of 2 A, magnetic induction is measured 
to be 15 Wb m~. Calculate (i) relative permeability of 
the core, (ii) magnetic susceptibility, (iii) magnetising 

field intensity and (iv) magnetisation. 

[Ans. (i) 596-8 ; (ii) 595-8 ; (iii) 2000 A m7 
(iv) 1-192 x 10° A m1] 
Type B. On Curie’s law 


6. The susceptibility of magnesium at 300 K is 1-2 x 10°. 
At what temperature will the susceptibility equal to 
1-44 x 10°? [Ans. 250 K] 
Type C. On Hysteresis loop 
7. The hysteresis loss for a i apie ees of iron weighing 
12 kg is equivalent to 300 J m= ee Aipslas Find the loss 
of energy per hour at 50 cycles s~!. Given, density of 
iron = 7500 kg m~. [Ans. 8-64 x 104 J] 


q 


8. Assume that each iron atom has a permanent magne tic 
moment equal to 2 Bohr magneton (1 Bohr magneton = 
9-27 x 10-24 A m?). The number density of atoms in iron 
is 8-52 x 1078 m-. Find the maximum value of (a) intensity 
of magnetisation and (b) magnetic inductign in an iron 
bar. [Ans. (a) 1-58 x 10° A m=! (b) 1-99 T] 

9. A paramagnetic gas consists of atoms each with a dipole 
moment of 1-5 x 10-23 J T=. The temperature of ‘he gas is. 
27°C and its number density (number of atoms per unit 
volume) is 2 x 1076 m-?. (i) What is: the maximum 
magnetisation of the sample possible, when it is placed 
in an external magnetic field ? (ii) Do you think, the 
sample can achieve close to maximum magnetisation for 
a magnetic field of 3 T ? Given, Boltzmann’s constant 
= 1-38 x 10-23 J molecule! K-!. “(Text Problem) 

‘[Ans. 3 x 10° Am7!, No] 


1. If V is volume of the magnet, then 


1=M 
‘i 3 
are —_mass _ 75x10 : =10-> m3 
density 7-5 x10 
—4 
x 
I= eee =20A m7? 
10 
2. Here, B= 1-0 Wh m*;H=2x 10 Am! 
(a) Magnetic permeability, 
B 1:0 
=o a 53104 T mA 
H  2x10° 
-4 
(b) Relative permeability, u, = ipl A Bi 397-9 


My 42x10" 
(c) Magnetic susceptibility, y,,, = “,— 1 = 397-9 - 1 = 396-9 
(d) Intensity of magnetisation, 
1=4,, H = 396-9 x 2 x 108 
= 7-94x 105 Am 
3. Here, H = 1600 Am?!; @ = 2-4 x 10° Wb, 
A= 0-2 cm? = 0:2 x 10-4 m2 


; ray 
Now, magnetic induction, B = Ore = ee =i h2iT, 
A 0:2x10 
Be cie a A 
=—=——=7:5x10*TmA 
Alo, fs (ap 
Therefore, relative permeability, 
—4 
Aogetnas 23 pals ~ 596-8 
Mo 42X10 
Again, B = wy (H + I) 
I= are H= pil Neste — 1600 
Ho 42X10 


= 9.55 x 10° — 1600 = 9-534 x 10° A m=! 
Finally, 7,,, = #,- 1 = 596-8 - 1 = 595-8 
4. Mean radius of toroid, 
dd 442 
Iigubiy 2 


= 11-5cm=115 x 107m 


6. According to Curie’s law ; Xm == 


Therefore, number of turns per unit length of the toroid, 
total number of turns 3000 
caer Dex ISK 102 

= 4-152 x 103m} 
Now, magnetic field in the core of solenoid, 
B 


Mo nl 


B=uju,nl or r= 
2:5 
4m X10~’ x 4-152 x 10° x 0-70 


5. Here, n = 10?m?!;1=2A;B=15 Wb m 
(i) Magnetic iadnichod due to the solenoid, 


or My, = = 684-5 


B 
B=pgu, ni or Passat 
1:5 
or =i 4 2 3596-8 
B42 X10” X10? x2 
(ii) X44 = H,- 1 = 596-8 - 1 = 595-8 
(ebay eae at nate hte ol Pt ai 
Kh Moby 42X10’ X 596-8 
Rae 


(iv) T= ,,H =595:8 x 2000 = 1 192 x 10° A mt 


T 


A RRR RES PRN LESS 


= 250K 
Yai 444 X10 


7. Here, hysteresis loss per unit volume per cycle 


= 300 J m= cycle“! 
Time, t = 1 hour = 3600 s, frequency, v = 50 cycles s“! 
Therefore, number of hysteresis cycle in 1 hour, 
N =v x t = 50 x 3600 = 1-8 x 10° 
Volume of the iron specimen, 
ibermmana Mi Aaa age 
density 7500 — Balt 
Hence, loss of energy in one hour, 
W = hysteresis loss per unit volume per cycle x V x N 


= 300 x 1-6 x 10 x 1:8 x 10° = 8-64 x 104 J 


n = 8-52 x 108 m3 
Magnetic moment of each iron atom = 2 Ug 
= 2 x 9-27 x 10-4 = 1-854 x 10°79 Am? 
Now, intensity of magnetisation is equal to magnetic 
moment per unit volume. 
Therefore, the maximum value of magnetisation, 
Iya = 11 X 2 My = 8-52 x 1078 x 1-854 x 10° 
= 1-58 x 10° A m= 
(b) Now, B= 4) (H + D 
Since no magnetic field is applied, H = 0 
B=p1=40 x 107 x 158 x 10°=199T 
(i) Here, number of atoms per unit volume in the 
paramagnetic gas, 
n=2x 10% m% 
Magnetic moment of each gas atom = 1:5 x 10° J Tern 
Therefore, maximum value of magnetisation, 
Tar = 2:0 x 106 x 15 x 10-3 = 3 x 109 A m™ 


maximum 1 Sati O mi 


~ dipole remain aligned along the direction of applied 


magnetic field at the temperature of the gas. 

In other words, maximum magnetisation will be achieved 

on applying magnetic field of 3 T, if the thermal energy of 

an atomic dipole is quite small as compared to its potential 

energy. 

Now, potential energy of an atomic dipole, 
U=MB=15x 10° x3=45 x 109J 

Also, thermal energy of an atomic dipole. 


Ur=S kT = x 1-38 x 10° x (2734 27) 
= 6-21 x 10-21J 


Since U’ > > U, all the atomic dipoles can not remain 
aligned to the applied field. Hence, maximum 
magnetisation cannot be achieved in the paramagnetic gas 
under given conditions. 


Competitive Examination File (Unit Ill) 


me ee“ REVISION AT A ans 
Chapter1. Magnetic Effect of Current 


O Biot Savart’s Law. According to this law, the magnetic field (in magnitude) due to a current element of length dl carrying a 
current I at a point at distance r from it, is given by 
> FS 
aBi= Mo ldlxr ie My idlsind 
An r An r2 q 
where 0 is the angle between the direction of the current and the line joining the current element to the point andy, is absolute 


> 3 
permeability of the free space. The direction of magnetic field dB is that of I dl x r. It can also be found by using right hand 
thumb rule. 

The absolute permeability of free space, fy = 4 2 x 10-7 T A™! m. 
0 Magnetic field due to a current carrying conductor. The magnetic field at a point at perpendicular distance a from 
a straight conductor carrying current I is given by 
TA 1 + sin p>), 
4m a 
where @, and ¢, are angles, which the lines joining the two ends of the conductor to the observation point make with the 
perpendicular from the observation point to the conductor. 


In case, the straight conductor is of infinite length G =o2= =) the magnetic field is given by 
Baton 
4a a 


O Magnetic field due to a current carrying circular coil. For a coil of radius a, consisting of n turns and carrying 


current I, 
(i) the magnetic field at a point on axis at distance x from its centre is given by 


Ho 2anIa7 


An (a2 4+x2)3/2 
(ii) the magnetic field at its centre is given by 
pil dle ett 
4n a 


eed 
O Ampere’s circuital law. It states that the line integral of magnetic field B around any closed path or circuit is equal to U4 
times the total current I threading through the closed circuit. 


2 3 
Mathematically : 4B -dl= pg I 


O Magnetic field due to a solenoid. A Jong insulated wire closely wound in the form of a helix, such that its length is very 
large as compared to its diameter is called a solenoid. 
If a solenoid of n turns per unit length carries a current I, then 
(i) magnetic field at a point well inside the solenoid is given by 
B=yu,nI 
(ii) magnetic field at a point on one end of the solenoid is given by 


1 
B=-y, nI 
> Ho 
Some Useful Facts 
1. Whereas the source of electric field is electric charge, the source of magnetic field is current element (not a magnetic 
charge). 


2. The magnatic field due to a straight conductor is zero, when the observation point lies along the length of the conductor. 
3. The magnetic field due to a part of circular conductor of radius a and carrying current I is given by 
Be Bou slays 
4m a 
where @ is the angle, which the circular part subtends at its centre. 


Chapter 2. Motion of charged particle 
=> 

O Force on a charge in electric field. A charge q inside an electric field of strength E experiences force F, which is given 

by > =) 
IFI=lqEl=qE 

Force is in newton, when g is in coulomb and E in newton coulomb—!. 

O Motion of a charge inside electric field. If a potential difference V is applied between two parallel plates, a uniform 
electric field is set up between the plates. Its strength is given by 


E=~ 
d 
A charge g of mass m experiences force 
F=qE, 
which produces an acceleration, 
E 
i ao 
m 


The charge moving inside an electric field follows a parabolic path. 
e. O Force on a charge moving inside a magnetic field. A charge q moving with velocity is inside a magnetic field of strength 
B is given by 
> FS 
|\Fl=gluv x BI=Bgvsind 
Force is in newton, when B is in tesla, q in coulomb and v in m st 
The charge does not experience any force, if it is at rest or if it moves along the direction of magnetic field. The force is 
maximum, when charge moves perpendicular to the direction of magnetic field. 
The above expression is used to define tesla, the unit of strength of magnetic field. 
The strength of magnetic field is called one tesla, if a charge of one coulomb, when moving with a velocity of 1 ms along a direction 
perpendicular to the direction of the magnetic field experiences a force of one newton. 
1 tesla (T) = 1 weber metre? (Wb m~) = 1 newton ampere™! metre“! (N A“! m4) 
O Lorentz force. The total force experienced by a charge moving inside the electric and magnetic fields is called Lorentz 
force. It is given by 


> > 72 FD 
F=q(E+v XB) a 

CO Motion of charge inside magnetic field. Achargeq of massm moving with velocity v inside a magnetic field of strength 
= 
B experiences force, 

> > U8 
|\Fl=qlu x BI=Bqovsin@, 
> ~> 

where @ is angle between the direction of motion of charge (v) and the direction of magnetic field (B). This force acts 


> > 
perpendicular to both v and B i.e. the direction of motion of the charge and the direction of applied magnetic field. 


> ~ 
(i) If v and Bare perpendicular (@ = 90°), the force on the charged particle makes it to move along circular path, whose 
radius is given by 
mv 
r=— 
Bq 
> = 35 
(ii) If v and B act at an angle 0, then due to the component of velocity v sin @ (perpendicular to B, the charge moves 
along circular path of radius r, which is given by 
mv sin 0 
r= oe 
Bq 


while due to the component of velocity v cos @ (along B), the charge at the same time moves along the direction of magnetic 
field. As a result, the charge moves along a helical path and pitch of the helical path is given by 
22 mv cos 0 
Bq 
0 Cyclotron. It is a particle accelerator and is used to accelerate positive ions. Under the action of magnetic field, the 
positive ions move along spiral path and gain energy as they cross the alternating electric field again and again. 
CO Cyclotron frequency. Ina cyclotron, the frequency of applied alternating electric field is equal to frequency of oscillation 
of the positive ion and this frequency is called cyclotron frequency. It is given by 
eK 
2am’ 
where m and gq are mass and charge of the positive ion and B is strength of the magnetic field. 


pitch = 


1 B q° R2 


he cea APRS 
where R is radius of the dees of the cyclotron. 
(ii) Ey = 20 (VQ) 


where n is number of revolutions completed by the positive ions before leaving the dees. 
O Force on a current carrying conductor placed inside a magnetic field. A conductor of length / carrying current I 
and placed inside a magnetic field of strength B is given by 


> > 5 
[Fl=lI 1 x BI=BIIsin@ 

The conductor experiences maximum force, when the magnetic field acts at right angle to the length of the 
conductor ; and the force is zero, when the length of the conductor is parallel to the direction of the magnetic field. 

O Force between two infinitely long parallel current carrying conductors. When two infinitely long parallel conductors 
carrying currents I, and I, are placed a distancer apart, then force on the unit length of a conductor due to the other conductor 
is given by 

waitin) ely lo, 
An r 

The force is attractive, if currents in two conductors is in same direction ; and repulsive, if currents are in opposite 
directions. 

The above expression gives definition of ampere, the unit of current. 

One ampere is that current, which when flowing through each of the two parallel conductors of infinite length and placed in vacuum 
at a distance of 1 metre from each other, produces between them a force of 2 x 10~’ newton per metre of their lengths. 

O Torque on a current carrying coil placed inside a magnetic field. When a coil of area A having n turns and carrying 
current I is suspended inside a magnetic field of strength B, then torque on the coil is given by 

tT=nBIlAsin@, 

where @ is angle between the direction of magnetic field and normal to the plane of the coil. 

If the direction of magnetic field makes an angle @ with the plane of the coil, then 

t=nBlAcosa 

The torque on the coil is maximum, when the plane of the coil is parallel to the magnetic field i.e. 6 = 90° or a = 90°. 

O Sensitivity of a galvanometer. A galvanometer is said to be sensitive, if it gives a large deflection, even when a small current 
is passed through it or when a small voltage is applied across its coil. 

O Current sensitivity. It is defined as the deflection produced in the galvanometer on passing unit current through its coil. 


0 BA a 
Current sensitivity , Fix tee (rad MA 1) 


O Voltage sensitivity. It is defined as the deflection produced in the galvanometer, when a unit voltage is applied across its coil. 


PM ay RN 1 

Voltage sensitivity, v kR (rad UV ) 

Here, R is resistance of the coil of the galvanometer. 

Shunt. A small resistance usually put in parallel to the coil of a galvanometer is called shunt. 

The most part of the current in the circuit passes through the shunt and thus shunt allows only a very small part of current 
to pass through the galvanometer. 

Ammeter. It is an instrument used to measure current in an electrical circuit. 

A galvanometer of resistance G can be converted into an ammeter of range I vy putting a small resistance S in parallel 
to its coil, which is given by 

a I,xG 
ae Is 
Here, I, is maximum current that can pass through the galvanometer. 
The resistance of the ammeter so obtained is given by 
G5 


RAW GT5 
Ammeter is a low resistance instrument and it is always connected in series to the circuit. 
O Voltmeter. It is an instrument used to measure potential difference across a conductor in an electrical circuit. 
A galvanometer of resistance G can be converted into a voltmeter to read upto V by connecting a large resistance R in 
series to its coil, which is given by 


V 
R=—--G 
I, 


fe 
Voltmeter is a high resistance instrument and it is always connected in parallel to the conductor, across which potential 
difference is to be measured. 


Some Useful Facts 

1. A stationary charge experiences force inside electric field. A magnetic field does not exert any force on a stationary 
charge. 

2. The expression for torque on a current carrying coil i.e. 

t=nBIAsiné 

holds for a planar current loop of any shape having the area A. 

3. A magnetic field, in which the plane of the coil in all position remains parallel to the direction of magnetic field is 
called radial magnetic field. A field magnet having concave poles produces radial magnetic field. 


Chapter 3. Magnetic dipole 
0 Magnetic dipole. An arrangement of two unlike poles of equal strength and separated by a small distance is called magnetic 
dipole. 


os 
The distance between the two magnetic poles is called the magnetic length of the magnetic dipole. It is denoted by 21 , a vector 
from south to north pole of the magnetic dipole. 
O Magnetic dipole moment. The product of the pole strength of either magnetic pole and the magnetic length of the magnetic 
S ‘ 


dipole is called its magnetic dipole moment. It is denoted byM. 


= > 
Mathematically : M=m(2 1) (ampere metre?) 
Here, m is pole strength of the magnetic dipole. 
CO Magnetic field due to a bar magnet. The magnetic field due to a bar magnet of length 2! and having magnetic dipole 
moment M at a distance r from its centre 
(i) on its axial line is given by 
Ho 2Mr 
B=l°. 
(ii) on its equitorial line is given by 
Ho M 


oy 
ina uniform magnetic field of strength Bmaking an angle6 with the direction of magnetic field, it experiences a torque, which 
is given by 
> > FS 
|7 |=IMx BI=MBsin@ 

O Potential energy stored in a magnetic dipole on rotating inside a magnetic field. The work done in rotating a magnetic 
dipole against the torque acting on it, when placed in magnetic field is stored inside it in the form of potential energy. When 
magnetic dipole is rotated from initial position 6 = 0, to final position 6 = 0,, then potential energy stored is given by 

U=MB (cos 6, — 49) 

0 Current loop and magnetic dipole. A current loop of area A carrying current I behaves as a magnetic dipole having 
magnetic dipole moment, 

M =IA (ampere metre?) 


Some Useful Facts 

1. The atom or molecule of a substance behaves is a complete magnet. 

2. An atom behaves as a magnetic dipole due to the fact that electrons revolving around the nucleus constitute small 
current loops. 

3. A circular current loop produces magnetic field, in the same manner as a magnetic dipole does. 

4. A free magnetic pole does not exist. 

5. Magnetic lines of force should be better called as magnetic field lines. 


Chapter 4. Earth’s magnetism 
0 Geographic meridian. A vertical_plane passing through the axis of rotation of the earth is called the geographic meridian. 
CO Magnetic meridian. A vertical plane passing through the axis of a freely suspended magnet is called the magnetic meridian. 
O Magnetic elements. The quantities, magnetic declination, magnetic inclination (dip) and horizontal component of 
earth’s magnetic field completely determine the earth’s magnetic field at a given place and are called magnetic elements. 


Magnetic eclina g geographic smeridife and magnon merit It is denoted by 0. — 
Magnetic inclination (dip). at a place is the angle between the direction of the intensity of the total earth’s magnetic field and th 
horizontal. It is dentoed by 0. 

Horizontal component ay earth’s magnetic field is the component of earth’s total magnetic field along the horizontal 
It is denoted by B,;. 
If Bis inleneay of earth’s total magnetic field, then the horizontal component of earth’s magnetic field is given by 


By, = Bcos 6 
Also, the vertical component of earth’s magnetic field, 
By =Bsind 
so that = By? + By? 
B 
and tan d= — 
Buy 


O Neutral point. It is that point, where the magnetic field due to a bar magnet is completely cancelled by the horizontal componen 
of earth’s magnetic field. 
(i) When a bar magnet is placed with its north pole towards south of the earth, the neutral points are obtained on axia 
line of the magnet. If d is the distance of the neutral point from the magnet, 
Ho | 2Ma 
(ii) When a bar magnet is placed with its north pole towards north of the earth, the neutral points are obtained on equitoria 
line of the magnet. If d is the distance of the neutral point from the magnet, 
ia 0... M =B 
4n (r2 — [2)3/2 H 
O Tangent law. It states that when a short bar magnet is suspended freely under the combined action of two uniform magneti 
fields of intensities B and B;, acting at 90° to each other, the magnet comes to rest making an angle 0 with the direction of magnetic fiel 
B, , such that 


H 


B= B,, tan@é 
0 Tangent galvanometer. A tangent galvanometer is a moving magnet and fixed coil type galvanometer. It is base 
on tangent law and is used to measure very small currents. 
If a tangent galvanometer has coil of radius R and number of turns n, then deflection 0 produced on passing current 
is given by 


= seat is called galvanometer constant and 
a 


B 2a 
= res = —— By, is called reduction factor of tangent galvanometer. 
nN Mo 


0 Vibration magnetometer. It is based on the principle that a magnet suspended inside a magnetic field experience 
a torque. It is used to compare magnetic moments of two bar magnets or to determine horizontal component of earth’s magneti 
field. 
If a bar magnet of magnetic dipole moment M and moment of inertia I is free to oscillate under the action of horizonta 
component of earth’s magnetic field B,;, then its time period is given by 


ib ay: i 
M By 


Some Useful Facts 

1. The magnetic field of earth is same as that would be due to a huge bar magnet located deep inside the earth with it 
north pole towards south of the earth. 

2. The magnetic field due to a short bar magnet at a distance r on its axial line is twice the magnetic field at the sam 
distance on its equitorial line. 

3. The reduction factor of a tangent galvanometer increases due to increase in the radius of its coil and decrease in it 
number of turns. 


Chapter 5. Classification of Magnetic materials 


O Diamagnetic substances. Those substances, which when placed in a magnetic field are feebly magnetised in a direction opposit 
to that of the magnetising field. 

O Paramagnetic substances. Those substances, which when placed in a magnetic field are feebly magnetised in the direction c 
the magnetising field. 


INA 
CO Ferromagnetic substances. Those substances, which when placed in a magnetic field are strongly magnetised in the direction 
the magnetising field. 

C Intensity of magnetisation. It is defined as the magnetic dipole moment developed per unit volume or the pole strength developed 
r unit area of cross-section of the specimen.It is given by 
M_ m 
I =— = 
Vt oat 
Here, V is volume and a is area of cross-section of the specimen. Magnetic induction, intensity of magnetisation and 
agnetic intensity are related to each other as below : 
B=y, (H+D 
CO Magnetic permeability. The magnetic permeability of a material is defined as the ratio of the magnetic induction (B) of the 
aterial to the strength of magnetising field (H). It is given by 
B 


vet. 


[eae 


H 
If 1, is relative permeability of a medium, then 
v7) r = ok 
Ho 


O Magnetic susceptibility. The magnetic susceptibility of a material is defined as the ratio of the intensity of magnetisation (1) 
id the strength of magnetising field (H). It is given by 


I 
Jatt H 
It can be proved that = My (1 + Xj) 
> that M,=1+Xm 


0 Curie temperature. It is the temperature for a ferromagnetic substance above which, it behaves as a paramagnetic substance. 
CO Curie’s law. It states that the magnetic susceptibility of a paramagnetic substance varies inversely with its absolute temperature. 


1 
Mathematically : Xm ~ T or Xm 1 = constant 


0 Hysteresis. The lagging of intensity of magnetisation (or magnetic induction) behind the magnetising field, when a magnetic 
vecimen is taken through a cycle of magnetisation, is called hysteresis. 

C Retentivity. The value of intensity of magnetisation of the magnetic material, when the magnetising field is reduced to zero, is 
alled its retentivity. 

O Coercivity. The value of the reverse magnetising field, which has to be applied to the magnetic material so as to reduce the residual 
1agnetisation to zero, is called its coercivity. 
ome Useful Facts 

1. The atoms of a diamagnetic substance do not possess any magnetic moment, while those of paramagnetic and 
erromagnetic substances possess a net non-zero magnetic moment. 

2. The diamagnetism is fundamental to all the magnetic substances. However, diamagnetism is overshadowed by 
yaramagnetism and ferromagnetism in paramagnetic and ferromagnetic materials respectively. 


3. The energy is spent in taking a ferromagnetic substance over a complete cycle of magnetisation. It is numerically equal 


o the area of I-H curve or = times the area of B-H curve. 
tm: 


NUMERICAL PROBLEMS FROM COMPETITIVE EXAMINATIONS 
Chapter 1. Magnetic Effect of Current 


Problem 1.01. A current of 1 A is flowing in the sides Thought Process 

Eada at As pik sae Ee abe midnetes cane Pn Let O be the centroid of the equilateral triangle ABC 

A (Rookies 1991) oe [Fig 1.01]. The current through each of the three sides 

f of the triangle will produce magnetic field at point O 

having the same magnitude and direction. If Bis 

magnetic field produced due to any one of the three sides 

at point O, then the net magnetic field at point O 
due to the whole AABC, 
B= 3B 

If If ABOD =@ and OD =a, then as obtained in 

section 1.03, 


pa eeepc Oo 
4m a 


Sol. Here, I =1 A, each side of the 3 
A ABC, 1=4-5 x 10m 
It follows that 


BD _ 1/2 4:5x10-* te 
fan @r ald pane 
Hence, magnetic field at the centroid O due to current 
flowing through A ABC, 


, fig. Lv, : 
B’=3 x —--— (sin ¢@, +sin gd) 
ae $4 $2 


~1 = $2 =60°,4a= 


hugs 10 xa Poe 


oF (sin 60° + sin 60°) 
4-5x10 
6 V3 x10” j 
= “3 mesewe =4x 10> tesla 
4-5x 10 age wake 5 


Problem 1.02. Two long straight parallel wires are 
2 m apart (perpendicular to the plane of the paper as shown 
in Fig. 1.02. The wire A carries current of 9-6 A directed into 
the plane of the paper. The wire B carries a current such that 
the magnetic field of induction at the point P at a distance 


10 
— m from the wire B is zero. Find 


(i) the magnitude and direction of the current in B. 
(ii) the magnitude of the magnetic field of induction 
at the point S. 
(iii) the force per unit length on the wire B. 
(LLT. 1987) 


Fig. 1.02. 
Sol. Here, current through the wire A, 
I, = 9-6 A (directed into the paper) 


Distance of point P from wire A, 4; = 2+—-=—-m 


10 
Distance of point P from wire B, 42 = Hh m 


(i) Suppose that I, is the current through the wire, so that 
magnetic field induction at point P due to the two wires 
becomes zero. For this, current in wire B has to be directed 
outwards of the paper, so that the magnetic fields produced 
at point P due to the two wires are equal in magnitude and 
opposite in direction. Thus, for magnetic field induction at 
point P to be zero, 

Hay 2 ne ee ee 
4m @, 42 @) 
a, _9:-6X10/11 
ay 32/11 
= 3 A (directed outwards of the paper) 


or l=l,x 


It is because, AB? = AS? + BS2. 


1S 2 OES ea gee Rat etree gy 
and 5! rig a 


Therefore, magnetic field induction at point S due to 

wireA, 
Ho.» 212. 10-7 X2X9-6- 
2 atin BSo wath 26 

= 12x 107 T (along perpendicular to AS i.e. along 6B ) 

Magnetic field induction at point S due to wire B, 
ie fhe Biol One eer 
Yh BS te 


=5 x 107 T (along perpendicular to BS i.e. along SA) 
As the two fields B, and B, are linclined at 90°, the 
resultant magnetic field at point S is given by 


B=,B,2 + By? = a2x 10-7)? +(5x 10-7)? 
=13x 107 T 
(iii) The force per unit length on the wire B, 
pa to 2h te 1077 X 2X 9-6x3 
4a AB 2 
= 2-88 x 10° Nm 
Problem 1.03. Two long parallel wires carrying current 
2-5 ampere and I ampere in the same direction (directed into 
the plane of the paper) are held at P and Q respectively, such 
that they are perpendicular to the plane of paper. The points 
P and Q are located at a distance of 5 metres and 2 metres 
respectively from a collinear point R as shown in Fig. 1.03. 
(i) An electron moving with a velocity of 4 x 10° ms 
along the positive X-direction experiences a force of 
magnitude 3-2 x 10-7" N at the point R. Find the value of I. 
(ii) Find all the positions at which a third long parallel _ 
wire carrying a current of magnitude 2-5 ampere may be 
placed, so that the magnetic induction at R is zero. 
(LLT. 1990) 


Bo 


Fig. 1.03. 
Sol. Here, current through the wire at point P, 
1,=25A 
current through the wire at point Q, I, =I =I 
distance of wire at point P from R, 


r;=PR=5m 
distance of wire at point Q from R, 
ry =QR=2m 


If B, and B, are magnetic fields produced at point R due 
to the wires at points P and Q respectively, then the net 
magnetic field at point R, 


B= Bs Bye Ho Ph gto cate 
el Sale ¥ my 42 % 


— Oo 
An 


I 
pod OS 
feel 


( 
=10°7 x2[2345)=107 (1+D 


The direction of magnetic field B at point R will be along 
negative Y-axis. Therefore, 


aaa Sy A 7 A 
B=10 “(+D(- j)=-10 “ A+) j 


. > 
(i) velocity of electron, v = 4x 10° ms-! along X-axis 
=4x 105 i (ms) 
Also, charge on electron, g =—e =—1-6x 10 19¢C 
Therefore, force on electron, 


=> He = b 
F =q(v x B) 
= (1-6 x 10-19) [(4x 10° i)x{- 1077 (1+ D ji 
=64x1021(14+Dk 
But F=3-2x 1070N 
64x 1071(1+ 1) =3-2x 10? 
Chapter 2. 
Problem 2.01. The region between x = 0 and x = L is 
filled with uniform, steady magnetic field B, k.A particle 


A 
of mass m, positive charge q and velocity vo i travels along 


X-axis and enters the region of the magnetic field. Neglect 
gravity throughout region. 

(a) Find the value of L, if the particle emerges from the 
region of magnetic field with its final velocity at angle 30° 
to its initial velocity. 

(b) Find the final velocity of the particle and the time 
spent by it in the magnetic field, if the magnetic field now 
extends upto 2-1 L. (I.LT. 1999) 


Sol. (a) Fig. 2.01 shows magnetic field By k (represented 


©0000 


Xa 
Fig. 2.01. 
by ©) acting along Z-axis in the region x = 0 and x = L. The 


x=0 


positive charge q moves with velocity v, i along OX. 
The force on charge q is given by 
= a A A A 
F =q(v X B)=q (vg i X By kK) =— By Up Gj 
The force on positive charge q acts along negative Y-axis. 
Under the effect of this force, the charge moves along a 


or I=4A 

(ii) The magnetic induction at point R will be zero, if the 
third wire produces magnetic field just equal and opposite 
to the combined field produced by the two wires at points P 
and Q. Suppose that the third conductor carrying current I 
= 2-5 Ais placed at a distance r from the point R, then 


21 
Ho. = 3 19-7 441) 
; 


4x 
10.,” OOP COTES 
or dibs? AF Cay bgt? (1+ 4) 
Tr 
or r=im 


If the third wire is placed at 1 m on right side of point 
R, the current through it should be in the same direction as 
through the wires at P and Q. On the other hand, the current 
through the third wire should be in opposite direction, if it 
is placed on left of the point R. Thus, the third conductor can 
be placed in the two positions explained above. 


Motion of Charged particie 
circular path. If r is the radius of the circular path, then 
2 
mv mv ; 
Hg FH Vo q OF CTE itd) 


The velocity vector v of the positive charge at point A 
acts along tangent to the circular pathOA and it makes an 
angle of 30° with OX. If Q is centre of the circular path OA, 
then Z OQA = 30°. From point A, drop perpendicular AN on 
Y-axis. Then, NA = L. From right angled Z QNA, we have 


sin 30° = ee 
OA T 
F s Up _ 1 
or L=rsin 30° =——-X— 
By q 2 
or al a ii) 
2By 4 
(b) From equations (i) and (ii), its follows that 
yee 2 
If the magnetic field extends upto 2-1 L [Fig. 2.02], the 
Ni 
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positive charge will complete its semi-circul 
magnetic field and will emerge out of magnetic field at point 
P with the final velocity, 


v=—Ugi 


The time spent by the positive charge inside the magnetic 
field, 


“aT nt  MUo 
Up Uo Bog 
Tm 

or fal 
Bo 9 


Problem 2.02. A beam of protons with a velocity 4 x 10° 

m s~! enters the uniform magnetic field of 0-3 tesla at an 

angle of 60° to magnetic field. Find the radius of the helical 

path taken by the proton beam. Also, find the pitch of the 

helix (which is the distance travelled by a proton in the 

beam parallel to the magnetic field during one period of 
rotation). Given, mass of proton = 1-67 x 10-7” kg. 

(LLT. 1986, 1981) 

Hint. Refer to section 2.04. If g is charge on proton, then 


mv sin 0 
the radius of helical path, r= its? ‘ 


Setting B = 0-3 T ; m = 1-67 x 10-*” kg ; 
g=16x102%C3v=4x 10° ms; and@=60°; 
it can be obtained that radius of the helical path, 
r= 1-205 x 10 m=1-205 m 
Also, pitch of the helix 
= v cos @ x time period of circular path 
2mm 
Bq 
It can be obtained that pitch of the helix 
= 4.372 x 107 m = 4-372 cm 
Problem 2.03. An electron gun G emits electrons of 
energy 2 keV travelling in the positive X-direction. The 
electrons are required to hit the spot S, where GS = 0-1 m 
and the line GS makes an angle of 60° with the X-axis as 


=v cos 60° x 


shown in the Fig. 2.03. A uniform magnetic field B parallel 

to GS exists in the region outside the electron gun. Find the 

minimum value of B needed to make the electron hit S. 
(LLT. 1993) 


Fig. 2.03. 
Sol. Suppose that v is the velocity, with which electrons 
are emitted from the gun. 
Here, kinetic energy of electron, 


1 
smur=2 keV =2x 10? x1-6x10~!9 
= 3.2 1G ey 


si [2x S26 10 
m 


Since mass of electron, m = 9-1 x 10-3! kg, we have 


2x3-2x10~/6 
Ue al See oe ie aa 
9-1x10 


22-659010" m s7t 

The velocity v of the electron can be resolved into two 
components : 

(i) v sin 60° perpendicular to GS. Under the effect of 
magnetic field, the velocity component v sin 60° will make 
the electron to move along circular path of radius, say r. Then, 

+ cnoy2 
eh eats 
_ mv sin 60° 
=} Be 

The time period of circular motion, 

_ 2ar —_2amvsin60° 21m 
~vusin60° Bexvsin60® Be 

(ii) v cos 60° along GS. The velocity component v cos 
60° will drift the electron along GS and as such, it will move 
along helical path. The electron will hit S, if the time (#) taken 
by electron to cover the distance GS (= 0-1 m) is equal to 
the integral multiple of the period (T) of the circular path 
ie. t=n T 


GS 2am 
or ees 
v cos 60° Be 


(Pemee =| 
or B=n| ——___——_ 


or 


ex GS 
For B to be minimum, n = 1 ze. 
22 mv cos 60° 
exGs 
_ 2”X9-1X1077! x 2-65x 10" x 0-5 
1-6x10-'? x0-1 
= 4-735 x 10° tesla 
Problem 2.04. A circular loop of radius R is bent along 
a diameter and given a shape as shown in Fig. 2.04. One of 
the semicircles (KNM) lies in the XZ-plane and the other 
one (KLM) in the YZ-plane with their centres at origin. 


Current I is flowing through each of the semicircles as 
shown in figure. 


Binin aa 


NY, 


2 Fig. 2.04 


velocity 4 =—Vy9 i. Find the instantaneous force FE on the 
article. Assume that space is gravity free. . 
(b) If an external uniform magnetic field B,j is 
pplied, determine the fare ke and ra on the semicircles 
(LM and KNM dve to the field and the net force E on the 
oop. (I..T. 2000) 
Sol. LetB, and B, be respectively the magnetic fields 


roduced at point O due to current carrying semicircular 
yarts KNM and KLM of the circular loop of radius R. Then, 


= zw A Ia 
B, = 2° - y= Mo 


4a R 4R 
> ent I 
andBoH fe (i) si 
4a R 4R 


Therefore, total magnetic field produced by the two 
yarts of the loop, . 


> 2 > 

Mo 1% Hol * 
B=B, +B) =—* j+|-—— 
fonihot bal ( wt) 


tt Ho Lids Gees 
OF B= ie 
oR i Doi 


(a) Force on charge q due to magnetic field produced by 
current loop, 


Fagor B= Vo 1)X zR Z) 


of Fa = Sees, 
4R 

(b) When a current carrying semicircular wire KLM or 
KNM (in general, of any shape) is placed in a magnetic field, 
then force on the wire is same as that on a current carrying 
straight conductor of length KM (i.e. length between the end 
points of the semicircular wire). 

Therefore, force on current carrying semicircular part 
KNM of the loop, 

=, =? A A A A 
F, =1(KM) x By j =1[2R(—k)] x By f=2 By IRI 

Similarly, force on current carrying semicircular part 
KLM of the loop, 


=> A 
Fo =2B,IRi 
Therefore, force on the whole loop, 


— => = A A A 

F=F, +h =2B)IRi+2B)IRi=4B,1Ri 

Problem 2.05. A current of 10 A flows around a closed 
path in a circuit, which is in the horizontal plane as shown 
in Fig. 2.05. The circuit consists of eight alternating arcs of 
radii r, = 0-08 m and r, = 0-12 m. Each subtends the same 
angle at the centre. 

(a) Find the magnetic field produced by this circuit at 
the centre. , 

(b) An infinitely long straight wire carrying a current 
of 10 A is passing through the centre of the above circuit 
vertically with the direction of the current being into the 


plane of the circuit. What is the force acting on the wire at 


the centre due to the current in the circuit ? What is the force 


(a) A particle of charge qis released at the origin with 


[a ae 


acting on the arc AC and the straight segment CD due to 


the current at the centre ? (LT. 2001) 


QO 


Fig. 2.05 


Thought Process _____________— 


P 


1. The four inner arcs are equivalent to a semi circular 
wire of radius r, and four outer arcs are equivalent to 
a semicircular wire of radius r,. Both the sets of arcs 
produce magnetic fields perpendicular to plane of the 
paper and in outward direction. 

2. Since direction of magnetic field produced due to the 
closed circuit is along the current carrying straight 
conductor through the centre, force on the straight 
conductor is zero. 

3. Since magnetic field produced due to the straight 
conductor is tangential to all the arcs, no force will act 
on the current carrying arcs (such as AC) of the circuit. 
4. Force will act on the straight parts (such as CD) of 
the circuit due to the straight conductor. It is because, 
magnetic field produced by the straight conductor 
through point O acts perpendicular to the straigiit 
part CD. 


PN 1!) oka EE Oo RE A (se A De 
Sol. Here, r; = 0-08 m ; ry = 0-12 m 
Current through the circuit, I, = 10 A 
Current through the straight conductor passing through 
centre O, I,=10A 
(a) The four inner circular arcs constitute a semicircular 
wire of radius r,. Therefore, magnetic field produced due to 
four inner acrs at centre O, 
jmp (lp 1077 xe x10 
0-08 
= 3.93 x 10°T (outwards) 
Similarly, magnetic field produced due to four outer arcs 
at centre O, 
3, = Ho 2h AQ acer 10 
sae 3 ip) 0-12 
=2-62-«10-°-T: (outwards) 
Therefore, net magnetic field produced by the circuit at 
centre O, 
B =B, + By, =33 x 10° + 2-62 x 10° 
= 6:55 x 10° T (outwards) 
(b) Force on straight conductor through centre: When a 
current carrying conductor is placed in a magnetic field, force 


experienced by the conductor, 
= od 


F=I!1xB 


B, = 
14x 1% 


ANCES SG ee. 
Paes 


att conduct 
passing through centre and the direction of magnetic field 
produced by the circuit are along the length of the straight 
conductor (antiparallel), force on the conductor is zero. 

Force on arc AC : The magnetic field produced by the 
straight conductor at the circular arc AC is along tangent to 
the arc. As explained above, force on arc AC due to the 
straight conductor is also zero. 

Force on straight segment CD : Let PQ = dx be an 
elementary portion of the straight segment CD of the circuit 
at a distance x from the straight conductor passing through 
the centre O [Fig. 2.06]. 


Fig. 2.06 
Mganetic field B produced due to the straight conductor. 
at point P acts normally to PQ and is given by 
pa Ho. 212 
4a Xx 


Since the straight segment carries current I,, force on 
elementary portion PQ, 


21 
dF =BI, dx=/° -—2 x1, xdx 
4n x 


21; 1 
Ao Bs hae egy 
4a Xe 


Therefore, force on straight segment CD, 


(inwards) 


t r 
Uo 1 Ho tr 
p= fara H0.-21 1 fia =++-2], 1,]1 
y gh rae pS x rye 1 2| 0g. x |, 
n "1 


Ho Ho 1 
=~ -21L,1,/1 Ty —| oi eee ae Eg P| ae 
re 1 2 | OSe 12 — 108e | vig 1 42 °108e r 


a 0-12 
=10-7 x2x 10x 10x log, —— 


0-08 
‘= 8-11 x 10° N (inwards) 

Problem 2.06. A straight segment OC (of length L 
metre) of a circuit containing a current I ampere is placed 
along the X-axis. Two infinitely long straight wires A and 
B each extending from z =—a to + a are fixed aty = —a metre 
and y = +a metre respectively as shown in the Fig. 2.07. If 


Y 


; * : ate ten rh a ar ae * . = A 4 SS 
he wires A and B aaa) h cal , current I ampere int 


plane of the paper, obtain the expression for the force acting 
on the segment OC. What will be the force on OC, if the 
current in the wire B is reversed ? (LLT..1992) 


Thought Process _____ 
The resultant magnetic field due to the two wires is not 
‘2 uniform over the whole length of the straight segment 
OC. Therefore, force on segment OC is found by first 
finding force on an infinitesimally small length OC and 
then integrating over the whole length of the segment 
OC. 
Sol. Consider an infinitesimally small portion PQ = dx 
of the segment located at distance x from the origin. The 


\ 


, £4 
magnetic field B; produced by the wire A will be along 


a 
perpendicular to AP, while the magnetic field By due to the 
wire B will be along perpendicular to BP [Fig. 2.08]. 


Fig. 2.08 
Obviously, AP = BP = ya? +x 
cat 2K Hod 
Now, pies 2b A ab eaee® 
4x AP og ja? 4x? 
Ay 21 I 
and |Bg |= 28+ a 2 


4x BP Qn | az 4: x2 
ts _ 
Draw PN perpendicular to OX. Suppose B, and By 
=> -- 


make angle @ with PN. The components of B, and B, along 
OX are equal and opposite and hencecancel out ; while those 
along PN, add up. Therefore, net magnetic field at the 
elementary position PQ, 


= 
Hol Ho I 
| B |= ——"———-. cos 0 + ——————— cos 8 
2n a7 +x 20a? +x" 
Hol 
= —_————. cos 9 
ma +x? 
ee 


Now, Z APO = Z BPO =@ andcos 06= 


{2 +x? 


— 
Hence, |Bl= i 5) 5s 
ua” +x*) Jaq? 4x2 
Mo Ix 
ner eet along PN 


Moix  % 
n (a° +x?) 
Therefore, force on elementary portion PQ of the 
2ement OC , 


or B= (-p=- 


a 73> }€ 
dF=IldxxB 
—>. AN 
Since I dx =I dx i, we have 


md ‘i Holx: 4 
dF = Idx i x | — —————_ j |=- 
| m (a? +x") j 


Force on the whole segment OC can be found by 
itegrating the above between limits x = 0 to x = L ie. 


L, ok 
3 > A 
P= [ar=-b*— | 
WA 
9 0 


a+x2=t 


a 
5 5 AX 
eX 


Let 


il 
‘De ap. o bo ah: or sib, at 
The new limits of integration will be as obtained below : 
When x=0, t=a2 +02 =a?; 
and when x=L,t=a2+L? 


Mg I 


3 A 
Hence, F =—(k) = 
2 t 


(a? +L?) 
A 12 

=—(k) “2 | log, t| 
a 


2a 


2 
Shay rt Drea: 2 
=—() flog, (27+ L?) log, a”| 


Uy I 


; 0 C vo : : 
Lee § = oe log, |1+ (along negative Z-axis) 


2 

a 

Problem 2.07. A long horizontal wire AB which is free 
fo move in a vertical plane and carries a steady current of 
20 A is in equilibrium at a height of 0-01 m over another 
parallel long wire CD, which is fixed in a horizontal plane 
and carries a steady current of 30 A as shown in Fig. 2.09. 
Show that when AB is slightly depressed, it executes simple 
harmonic motion. Find the period of oscillations. 
(.1.T. 1994) 


Fig. 2.09. 


~ Sol. Force per unit length on wire AB due to the magnetic 
field produced by the wire CD 


= Ho Arty 
4n Yr 
where I, (= 20 A) and I, (= 30 A) are currents through 
the wires AB and CD respectively and r (= 0-1 m) is the height 
of wire AB above the wire CD. 
If Lis length of the wire AB, then force on the total length 
of the wire AB due to the wire CD, 


_M 2hhy, Mohs 
47 r 2m 7 
The weight M g of the wire AB car balance the force F, 
only if F is in vertically upward direction. In other words, the 
wire AB can be in equilibrium, if the wire CD repels it i.e. 
currents I, and I, are in opposite direction. Therefore, in 
equilibrium 


Molly 
a yl aA 
227 g @) 


Suppose that the wire AB is depressed through a small 
distance y. Since the distance between the two wires become 
(r — y), the force on the wire AB increases to 


-1 
a aS) ol Say apa 2{,_¥ er 
2a(r—y) 2u7 r 
I —1 

slam eR In Ve nis Te 

wae A aaah TD r 
On releasing the wire AB, the wire moves under the 
effect of restoring force f given by 


Wo I nm Wet, Is 
Popes eyes] xt 
2a(r—y) r 22a (r—y) 

2a(r—-y) 


The acceleration produced in the motion of wire AB is 
given by 


I, 1 
Se eh 2 yx t, 
M 2ar°M 
or any 


Hence, motion of the wire AB is simple harmonic in 
nature and its time period is given by 


| 2ar7>M 
Poe ie 2 le ee, 
a Ho Ij + I, Jip 
From the equation (2), substituting the value of M, we 
have 


2nr- 


Mg Ty Ip 


L 
-oa Joma iG = 025 
g 9°8 


Problem 2.08. A wire loop carrying a current I is placed 
in the XY-plane as shown in the Fig. 2.10. The extremities 
Mand N of the current loop subtend an angle of 120° at the 
centre (P) of the circular part of the loop. 


+I, L 
T=22 x Hoh 2 


2nTgZ 


at the centre P and given a velocity v along NP, find its 
instantaneous acceleration. 


Fig. 2.10. 
(b) If an external uniform magnetic induction field 


= A 
B=Bi is applied, find the force and the torque acting on 


the loop due this field. (LJ-T, 1997) 
Thought Process 
From point P, drop PO perpendicular to MN. Join PN 


Fe ad and PM. 


Obviously, Z NOP = Z MPO = 60°, 
a 
OP = 4 cos 60° = 3 and MN = 2 


OM = 2 asin 60° = V3 a 
Now, the magnetic field due to the wire loop may be 
considered as the combined effect of the magnetic field 
a 
(B,) produced by the circular arc (which is one third of 
~ 


a complete turn) and the magnetic field (By) produced 
by the straight conductor MN, lying at distance 


OP and its two ends subtending angles $1 = $2 = ; 
(Z MPN) = 60° at the observation point P. 
Sol. (a) Here, the radius of the circular arc is a. For a 
circular loop of n turns, 
pao 2anl_ “onl 
4n a 2a 


Therefore, magnetic field due to the portion of the 
circular loop of wire (one third of a complete turn), 


Mu ()r 
13 I 
B, = = Ho 


2a 6a 
— AN 
or patol; 
6a 


Magnetic field due to the straight portion MN of the wire 
loop, 

B, =. ao 

4a OP 


I 

= 0. (sin 60° + sin 60° 
4n-a/2 

ts V3 Uy I 


2ma 


(sin 1 +sin 2) 


(along Z-axis) 


(a) If a particle with charge + Q and mass m is placed 


or 7 bacdyreamcere U2 belay pares 


point P, 


= =r4 I 3 1” 
B=B, +B, =+2— = ¥3 Hole 
6a 22a 
0 109 wo To 
a 


Since the charged particle moves with velocity v along 
NP i.e. making an angle of 60° with X-axis, we have 
=> A A A A 
v =(v cos 60°) i roveosor)}=a[2 i ra 
Force on the charged particle due to the magnetic field 
produced by the wire loop, 


= 23> 3S 
F =Q(v XB) 


p 14, V3 4\[. J—0-109 wy 14 
=of0(4i+ . a teeraee | 


= 2 Qe!) 4 AWG 
a 2 2 
= eee. 5 4a) 


2a 


If m is mass of the charged particle, then acceleration is 
given by 


= AN 
yee Do Peg a 
m 2ma 
> : = 
spade lS Oo (tals)? +1492 
2ma 
_0:109QvyyI 
2ma 


(b) Net force on the wire loop due to applied magnetic 
field is zero for obvious reasons. 
Now, torque on the wire loop is given by 
> 7 3S 
tT =I1AXB 
Fe aK => 
Here, B =i Band A =area vector representing the area 
of wire loop 


Now, | Alm (area of circle) 
1 pow ti a 2 
~area ofA PMN=— ara 5 ¥3.4.5=0-6136a 


As the wire loop lies in XY-plane, the area vector 
representing the area of the wire loop is given by 


= AN 

A=0-6136 a? k 

> ae A io: 
Hence, t =1(0-6136 a“ k) x (B i) =0-61361 Ba’ j 


an 
 T=|71=0-6136 1 Ba? 
Problem 2.09. A galvanometer having 30 divisions has 
a current sensitivity of 201A per division. It has a resistance 
of 25 Q. How will you convert it into an ammeter measuring 
upto 1 A ? How will you now convert this ammeter into a 
voltmeter reading upto 1 V ? (Roorkee ,1987) 


ol. Here, current sensitivity of g 

= 20 nA division! = 20 x 10° A division! 
Since galvanometer has 30 divisions, current for full 

scale deflection, 

I, = 30 x 20 x 10° =6 x 104A 


Conversion of galvuanometer into ammeter. If S is the 
resistance of required shunt that should be connected in 
parallel to the galvanometer, then 

I 
S=—4—G 
lathe 

Here, 1=1A,G=25Q 

6x 10+ 


~1-6x104 
= 0-015 Q (in parallel) 
Conversion of ammeter into voltmeter. If R is the 


resistance that should be connected in series to the ammeter, 
then 


SDN 


V 
R=—-Ra 


Here, I is current that can pass through the ammeter ; 
and R, is the resistance of the ammeter and is given by 
GS  25x0-015 
R | ie pe TT TS 
G+S 25+0-015 
Since V=1VandI=1A, 


= 0-015 2 


1 
R= 7 —0-015=9-985 Q (in series) 


Problem 2.10. A galvanometer having a coil resistance 
of 100 Q gives a full scale deflection, when a current of 1 
mA is passed through it. Whatis the value of the resistance, 
which can convert this galvanometer into a meter giving a 
full scale deflection for a current of 10 A? 

A resistance of the required value is available but it 
will get burnt, if the energy dissipated in it is greater than 
1 W. Can it be used for the above described conversion of 
the galvanometer ? When this modified galvanometer is 
connected across the terminals of battery, it shows a current 
of 4A . The current drops to 1 A , when a resistance of 1:5 
Q is connected in series with the modified galvanometer. 
Find the e.m.f. and the initial resistance of the battery. 

(LI.T. 1972) 


Sol. Here, G = 100 9,1, = 1 mA=10°A andI=10A 
If S is the required shunt resistance, then 
I, 10°3 
A ememeeee 
3 
I-I, 10-10 
The current that will pass through shunt is given by 
I;=I-I,= 1-103 =9.999 A 
Therefore, power dissipated in the shunt 


=1,2 x $ =(9-999)? x 100 = 9.9999 w 
9999 


pis 


100 
< 100 = ——Q (Gi 
9999 (in parallel) 


Since in the available shunt resistance, the power 
dissipated can be 1 W, it can be safely used for the conversion 
of galvanometer into the ammeter. 

If R, is resistance of the ammeter obtained, then 


Gs 100x2% 
Ra =e = 2 = 0-010 
G+S 100+ 2% 


Let E be e.m.f. of the battery and r be its internal 
resistance. When modified galvanometer is connected to the 
battery, then ~ 


t= E 
Ra +r 
Here, I=4A 
4 Z 
~ 0-01+4+r 
or E = 0-04 + 4r 2.2) 
When a resistance of 1-5 Q is connected in series, then 
me E 
Ra trt1-5 
Here, V=1A 
7 E 
0-01+7r+1-5 
or E=0-01+r+1-5 ..(ii) 


Solving the equations (i) and (i), we obtain 

E=2 V and r =0-49Q 

Problem 2.11. Two resistors 400 Q and 800 Q are 
connected in series with 6 V battery. It is desired to measure 
the current in the circuit. An ammeter of 10 Q resistance is 
used for this purpose. What will be the reading in the 
ammeter ? Similarly, if a voltmeter of 10,000 resistance is 
used to measure the potential difference across the 400 Q 
resistor, what will be the reading in voltmeter ? 

(M.N.R. 1990 ; LLT. 1982) 

Sol. When ammeter is connected in circuit, its resistance 
Rg also comes in series with the resistances R, and R, [Fig. 
211k 


R,=400 Q R,=800 Q 
I 
= + 
E<6v  A,=100 
Fig. 2.11. 


If R is total resistance of the circuit, then 
R=R,+R,+R, = 400 + 800 + 10 = 1210 2 
If I is current in the circuit, then 
E apa Rota Gy x103A 

R.oal2lo ue 

Therefore, reading of the ammeter = 4-96 x 103 A 

When voltmeter is connected across the resistance R, 
[Fig. 2.12], then the resistances Ry and Ryare in parallel and 
the combination is in series with R,. 

Ry = 10,000 Q 

i ie 


R,=800 2 


Vv) 
_ 400x 10000 


R’x eH 
R,+Ry  400+10000 


The equivalent resistance of the circuit is given by 
R=R’'+R, = 384-6 + 800 = 1184-6 Q 


R= = 384-6 Q 


Poe Se pS 10? A 
R 1184-6 


Hence, reading of the voltmeter, 
IR’ =5-06 x 10° x 384-6 = 1-948 V 


Chapter 3. Magnetic dipole 


Problem 3.01. A small magnet uf magnetic moment M 
is placed at broad-side on position of a magnet of magnetic 
moment M’, length 2 I’in such a way that the axis of former 
coincides with the perpendicular bisector of the latter. The 
separation between their centres is d. Calculate the nature 
of interactions (force or torque) among them. What is its 
limiting value, when d becomes very large ? 

(Roorkee, 1986) 

Sol. The small magnet NS of magnetic moment M and 
pole strength m is placed at broad-side on position of 
magnet N’ S’ of magnetic moment M’ and length 2 I’ as 


shown in Fig. 3.01. 
S 


P F,=m B’ 
B T 
F,=mB’ : 


/ 


Fig. 3.01. 
The distance between the centres of two magnets i.e. OP 
= d. j 

The magnetic field B’ due to the magnet N’ S’ at point 
P (a point on equitorial line of N’ S’), 

tat roe ne 

Let F, and F, be the forces experienced by north and 
south-pole of the small magnet NS due to the magnetic field 
B’. As the magnet NS is small, force on the two poles will be 
same in magnitude, say F. Therefore, 

F=F,=F,=mB’ 

The forces on the two poles of the magnet NS are equal 
in magnitude but opposite in direction. Therefore, magnet NS 
is acted upon by a torque given by 

tT=F x NS=mB’xNS 
Since m x NS = M, the magnetic moment of magnet NS ; 


T=MB’ 
Substituting for B’, we have 
a MANE MM’ 


 &n "@ 4 [2)3/2 
Therefore, between the two magnets, the nature of 
interaction is torque. 
When d becomes very large i.e. if d >>I’, 
then d* +1? = d?. 
9 MM’ 


The limiting value of torque, T = ce 7 ow 


Problem 3.02. A coil in the shape of an equilateral 
triangle of side 0-02 m is suspended from a vertex, such that 
it is hanging in a vertical plane between the pole pieces of 
a permanent magnet producing a horizontal magnetic field 
of 5 x 10~ T [Fig. 3.02]. Find the couple acting on the coil, 
when a current of 0-1 A is passed through it and the 
magnetic field is parallel to its plane. (Roorkee, 1991) 

A 


| — ee eee ee ee eee ee 


B C 
epee ee ee | 
Fig. 3.02. 


Sol. Here 1 =0-1A,B=5x 107T 
Angle between normal to the plane of the coil and the 
applied magnetic field, 0 = 90° 
When a current I is passed through a coil having area A, 
then magnetic dipole moment of the coil is given by 
M=IA 
Since the coil of the shape of equilateral triangle has side, 
a=0-02 m, 


1 
area of coil, A= ; base x height = 5 aXasin 60° 


i 


=5X0- 02x 0- 02x <> = V3 x107* m2 


Therefore, magnetic dipole moment ey: the coil, 
M=0-1xV3 x 1074 = V/3 x 107° Am? 

The torque acting on the coil, 
t=MBsin = V3 x 10° X5x 107 x sin 90° 


=5/3 x10 7 Nm 

Problem 3.03. A rectangular loop PORS made from 
a uniform wire has length a, width b and mass m. It is 
free to rotate about the arm PQ, which remains hinged 
along a horizontal line taken as the Y-axis [Fig. 3.03]. Take 
the vertically upward direction as the Z-axis. A uniform 
magnetic field B = (3 i+4 k) B, exists in the region. The 
loop is held in the XY-plane and a current I is passed 
through it. The loop is now released and is found to stay 
in the horizontal position in equilibrium. 

(a) What is the direction of the current I and PQ ? 

(b) Find the magnetic force on the arm RS. 

(c) Find the expression for I in terms of B,, a, b and m. 

(I.L.T. 2002) 


The loop will stay horizontal, when the torque on loop 
due to magnetic field is equal and opposite to the torque 
of weight of the loop about PQ. 


Ss) R 
va 


Fig. 3.03 
Sig A A 
Sol. (a) Here B=(31+4k)By; 
PQ =RS=b,PS=QR=a and _ mass of loop =m 
Weight of the loop, m zg = mg(- ky=-—m ek 


The centre of gravity of loop lies at a distance a/2 along 
OX. 


oa) 


Hence, torque of weight of the loop about PQ, 
Pi eae idee 2 asd A 
T=Tr xmg=(21)}xemgh=3 mgaj 
The direction of current through the loop should be such 
— 
that torque r, on the loop due to magnetic field acts opposite 
aera 
toT,. 
Suppose that current I is passed through the loop in the 
=s 
direction PORS. Then, area vector A of the loop is given by 
i A A 
A=ab(—k)=—abk 
and magnetic moment of the current loop, 
= > i 
M=IA=~—ablik 
Hence, torque on the current loop due to magnetic field, 
— fata “Ey i, A A A 
tT) =Mx B=(—abIk)x (31+ 4k) By =-34b 1B j 
= > 
Thus, 7; and r, actin opposite direction, if current is 
passed through the loop in the direction PQRSi.e. from point 
P to Q in arm PQ. 
(b) Magnetic force on arm RS, 
ita =. —- A A A 
F=I(RS)x B=I(—bj) xX (31 + 4k) By 


=b1By (31-4h) 


Chapier 4. 


Problem 4.01. A circular coil of radius 0-157 m has 50 
turns. It is placed, such that its axis is in magnetic meridian. 
A dip needle is supported at the centre of the coil with its 


=> 3 
It =It2| 


1 
or Nef aek AN 
or he ue 
6b By 


Problem 3.04. A magnet is suspended in the magnetic 
meridian with a untwisted wire. The upper end of wire is 
rotated through 180° to deflect the magnet by 30° from 
magnetic meridian. Now this magnet is replaced by another 
magnet and the upper end of the wire is rotated through 
270° to deflect the magnet 30° from magnetic meridian. 
Compare the magnetic moments of magnets. 

(M.N.R. 1985) 


Thought Process 
When wire is twisted through angle¢, the magnet 
gets deflected through angle 0. Therefore, the net 

oy twist produced in the wire will be (¢ — 4) . If kis 
restoring torque per unit twist of the wire, then in 
equilibrium. 

k @-0)=MBsin@ 
Sol. For First magnet : 


150 x 
 — 6 = 180° — 30° = 150° = — rad 
If M, is magnetic moment of the first magnet, then 
150 
kx ——” =M, Bsin 30° m0) 
180 
For Second magnet : 
240 X 2 
@ — = 270° — 30° = 240° = 180 rad 
If M, is magnetic moment of the second magnet, then 


240 2 


kx ..-(ii) 


Dividing equation (i) by (i), we have 
M; Bsin 30° = {hr 2] kx 240 0 
MyBsinso” \ 180 )/\” 180 
M; _5 
M, 8 
Problem 3.05. A magnet of magnetic moment M is 
freely suspended in a constant uniform magnetic field B. 
Calculate the work done in deflecting the magnet through 
an angle 0 from the direction of B. (Roorkee, 1990) 
Hint. Work done in rotating a magnet inside the 
magnetic field, 
W = MB (cos 8, — cos 45) ..-(i) 
As the magnet is to be rotated from the direction of B, 
6, = 0° and 6, =0 
Therefore, equation (i) becomes 
W = MB (cos 0° - cos 4) 
= MB (1-cos 4) 


= Mz, Bsin 30° 


or 


Earth’s Magnetism 


axis of rotation horizontal and in the plane of the coil. The 
angle of dip is 30°, when a current flows through the coil. 
The angle of dip becomes 60° on reversing the current. Find 


the current in the coil assuming that the magnetic fie 
to the coil is smaller than the horizontal component of 
earth’s magnetic field (Horizontal component of earth’s 


field = 3 x 10° T). (Roorkee, 1994) 
Thought Pracesesai 2c. 3s fig Sees SND 
The horizontal component of earth's magnetic field By, 
is aided by the magnetic field B’ produced by the coil, 
when current is passed in one direction and is opposed 


by the magnetic field B’ on reversing the direction of 
the current. It follows that 


when 6 = 30°, tand=—PV — 
By —B 
By ; 
and when d = 60°, tan 6 = : (B’ < B,,) 
By - B 
Sol. Here, BH =3x10°T 
In first case, 6 = 30° 
padi pile 8 ’ 
By +B 
By 1 
or =— cook 
By +B V3 4 
On reversing the current, 6 = 60° 
tan 60° = By ; 
By -B 
By fe 
or — J3. ...(i1) 
By B 


Dividing equation (ii) by (i), we have 


By Bu tB_ 5. v3 

By -B’ By 1 
By +B’ 
H _=3 
By -B 


1 1 3 rf 
or B= > By => 3x10 5=1-5x10 °T 


or 


But magnetic field atthe centre of a circular coil, 
p= He. 2an\i 


AN a 
?) I 
Hornell Trauginy beth 
An a ie 
Here, n = 50, a= 0-157 m 
Ly, 2axX50xI Au 
10. ° x ———_—— = 1-510 
0-157 
1-5X 10° X 0-157 
or T= 


= = 0-075 A 
10°“ X2x3-14x 50 
Problem 4.02. A small magnet of magnetic moment 
a = 10" is placed on the Y- axis at a distance of 0-1 m from 
the origin with its axis parallel to the X-axis. A coil having 
169 turns and radius 0-05 m is placed on the X-axis at a 
distance of 0-12 m from the origin with the axis of the coil 
coinciding with X-axis. Find the magnitude and direction 
of the current in the coil for a compass needle placed at the 
origin to point in the north-south direction. 
(Roorkee, 1993) 


due 


A compass needle placed at the origin will point in the 
north-south direction, if the magnetic field produced at 
the origin by the magnet and the coil are equal in 
magnitude and opposite in direction. Accordingly, as 
seen from origin, the direction of flow of current through 
the coil is in anticlockwise direction. 


Sol. Let B be the magnetic field produced by the small 
magnet NS at the origin and B’ be the magnetic field produced 
by the coil on passing current through it. Since magnetic field 
B due to the magnet is along OX, the magnetic field B’ due 
to the coil would be along OX’. It will be so, if on looking from 
the origin O, the direction of flow of current through the coil 
is in anticlockwise direction [Fig. 4.01]. 


-~--x=012m--- 


Fig. 4.01. | 
The magnetic field due to small magnet at point O, 
oh er dM 
4n r? 
Here, M =a x 1079 Am2;r=0-1m 
pit 10558 ty 
B=10-7 x= =2x10 "T 
(0-1) 
The magnetic field due to circular coil at point O, 
p - Ho. 2a1a* 


Here, n=169;a=0-65m; x=0-12m 
2. x 169 x I x (0-05)* 
[(0-05)? +(0-12)*}°/7 
2.0 X 169 x I x (0-05)? 
(0-13)? 
For compass needle to point in the north-south direction, 
3-846 x x 10°T =a x 10-14 

or 1=2-6x 107A 

(in anticlockwise direction, when seen from the origin) 

Problem 4.03. A vibration magnetometer consists of 
two identical bar magnets placed one over the other, such 
that they are mutually perpendicular and bisect each other. 
The time period of oscillation in a horizontal magnetic field 


is 4s. If one of the magnets is taken away, find the period 
of the other in the same field. (Roorkee, 1992) 


B’=10°” x 


=10°-’ x = 3-8462x10-°1 


When two magnets, each of magnetic moment M and 
moment of inertia I are placed perpendicular to each 
other, the moment of inertia of the combination becomes 

P= 21 


and the magnetic moment of the combination is given 


ates, 


M2 + M2 +2M Mcos 90° = 


Sol. Let T’ be the time period of the combination and T, 


the time period of a magnet when the other is taken away. 


Yr ; 


For combination: T’=2a 
M’B 
A $1 (i) 
=P rg 
J2MB 


When one magnet is taken away: T=22 <a seA21) 


Dividing equation (7*) by (7), we have 


I 21 
= —— 2 ~ 1/4 
T=22 5 / x | MB (2) 


or T=4x (2)!/4=4 x 1-189 =4-76s 


Chapter 5. Classification of Magnetic materials 


Problem 5.01. An iron rod of volume 10-4 m* and 
relative permeability 1000 is placed inside a long solenoid 
wound with 5 turns cm“. If a current of 0-5 A is passed 
through the solenoid, find the magnetic moment of the rod. 

Sol. Here, , = 1000 ; n =5 turns cm = 500 turns m! 

volume of the rod,V = 10% m° ; 

current through the solenoid, i = 0-5 A 

The magnetic field produced by solenoid, 


B=,u,ni=4 2 x 107 x 1000 x 500 x 05= — tesla 
Now, B=yp, (H+1) 


or ibaa Se AS, [- 1-2] 
Ho Ho Fb U 
i Pf1He|= 8-4 
Ho ld Ho Hy 
B 10 
Oy ake (ily 1) eee eee eect GA0002 1) 
Lo My 42x10 ° x 1000 


=25x10Am! 


Now, I=—, 
Ow, V 


where M is magnetic moment and V is volume of the rod. 


M=Ix V=2:5 x 10° x 104 = 25 A m? 
Problem 5.02. A bar magnet has coercivity 4 x 10° Am“. 


It is desired to demagnetise it by inserting it inside a solenoid 
12 cm long and having 60 turns. What current should be sent 
through the solenoid ? 


Sol. The coercivity of 4 x 10° A m“! of the bar magnet 


implies that magnetic intensity H=4 x 10° A m"| (in opposite 
direction) is required to demagnetise it. 


Here, number of turns per unit length of the solenoid, 


60 = ner 
oe ent = 500 turns m 


10. 


A current flows in a conductor from east to west. The 
direction of the magnetic field at a point above the 
conductor is 

(A) towards north. 
(C) towards east. 


(B) towards south. 
(D) towards west. 

(Karnataka Entrance, 1992, 198 7) 
The magnetic field at a point due to a current carrying 
conductor is directly proportional to 
(A) resistance of the conductor. 

(B) thickness of the conductor. 

(C) current flowing through the conductor. 
(D) distance from the conductor. 

In SI system, permeability has the units : 
(A) weber metre! ampere”! 
(B) weber metre ampere”! 
(C) weber metre~lampere* 
(D) weber metre ampere 


(C.E.T. 1999) 


(Pre-Medical/Dental ,1993) 
The magnetic field aB due to a small current element dl at 


Be 
a distance r and element carrying current I is 


ap Ly iy ty 
ee oa 
4n re . 
2 
Idx r ldlxr 
(C) w= 7x 3D) 4B Lec 7 


(C.B.S.E. 1996) 
The magnetic field at a distance r from a long wire carrying 
current I is 0-4 tesla. The magnetic field ata distance 2 r is 
(A) 0-1 tesla (B) 0-2 tesla 
(C) 0-8 tesla (D) 1-6 tesla (C.B.S-E. 1992) 
A straight wire of diameter 0-5 mm carrying a current of 
1A is replaced by another wire of 1 mm diameter carrying 
the same current. The strength of the magnetic field far 
away is 
(A) _ twice the earlier value. 
(B) one half of the earlier value. 
(C) one quarter of the earlier value. 
(D) same as the earlier value. (C.B.S.E. 1999, 1997) 
A circular coil A has a radius a and the current flowing in 
it is I. Another circular coil B has a radius 2 a and if 2 Lis 
the current flowing through it, then the magnetic fields at 
the centre of the circular coils are in the ratio of 
(A) 1:1 (B) 2:1 
(C) 3:1 (D) 4:1 (CBis bE. 1993) 
Magnetic field intensity at the centre of coil of 50 turns, 
radius 0-5 m and carrying a current of 2 A is 
(A) 05 x10°T (B) 1-26 x10*T 
(C) 3 x10°T (D) 4x10°T (C.B.S.E. 1999) 
A helium nucleus makes a full rotation in a circle of radius 
0-8 m in 2 s. The vlaue of the magnetic field B at the centre 
of circle will be 


10"? 
(A) (B) 107? y, 
0 
2K10,+- 
(C) 2x10 yn, (D) ~~, (C-PM.T. 1988) 
0 


A particle carrying a charge equal to 100 times the charge 
on an electron is revolving per second in a circular path of 


Chapter 1. Magnetic Effect of Current 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


radius 0-8 m. The magnetic field produced at the centre wil 
be: 

(A) 10°7/n, (B) 1077, 

(C) 10% pn, (D) 107 x, 

A positively charged particle moving due east enters | 
region of uniform magnetic field directed verticall 
upwards. The particle will 

(A) get deflected in vertically upward direction. 

(B) move in circular path with an increased speed. 

(C) move in circular path with a decreased speed. 


(D) move in a circular path with a uniform speed. 
(C.B-S.E. 1997 


és 
A charged particle moves with velocity v in a uniforn 


x 
magnetic field B . The magnetic force experienced by th 
particle is 

(A) always zero. 

(B) never zero. 


_ as 
(C) zero, if B and v are perpendicular. 


= 7 
(D) zero, if Band v are parallel. 

(Pre-Medical/Dental ,1990 
A 2 MeV proton is moving perpendicular to a uniforn 


magnetic field of 2-5 tesla. The force on the proton is 
(A) 2:5 x 10719N (B) 7-84x10"N 
(C) 25x 10! N (D) 7-84 x10" N 


(C.P.M.T. 1989 
Tesla is a unit of magnetic 
(A) field (B) flux 
(C) induction (D) moment. (C.PM.T. 1992 
Weber m7 is equal to 
(A) tesla (B) henry 
(C) watt (D) dyne. (A.FM.C. 1997 
The unit of magnetic induction is 
(A) Am! (B) Am 
(C) weber (D) tesla (Karnataka, 1993 


A power line lies along east-west direction and carries | 
current of 10 ampere. The force per metre due to earth’ 
magnetic field of 10~ tesla is 

(A) 107N (B) 10°N 

(Cc) 104N (D) 10°N (Roorkee, 1992 
The magnetic field of a U-shaped magnet is parallel to th 
surface of the paper, when the magnet is placed in the plan 
of paper with its north pole towards left. A conductor i 
placed in the field, so that it is perpendicular to the pape: 
If the direction of flow of current through the conducto 
is outwards, it will tend to move: 

(A) downwards. (B) upwards. 

(C)_ to the right. (D) to the left. 

Two parallel wires carrying currents in the same directio1 
attract each other, because of 

(A) potential difference between them. 

(B) mutual inductance between them. 

(C) electric forces between them. 

(D) magnetic forces between them. (N.C.E.R.T. 1983 
Two long straight wires carrying the same current I anc 
separated by a distance r exert force F per unit length o1 
each other. If the current is increased to 2 I and separatio1 
is reduced to r/ 2, then force will become : 


Zi. 


Jad 
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24. 


25. 


26. 


27. 


28. 


AG) F/20 


y 


(D) F/8 
Two thin long parallel wires are separated by a distance r 
and carry a current I each. The magnitude of the force 
per unit length experienced by one wire due to the other 
is : 


2 2 
Mo I MoI 
Bh 2 (B) 2u7r 
I I 
ey ee t(D). =e (LLT. 1986) 
DET: 20g. 


Two long parallel wires are carrying currents of 5 A and 
12 A respectively. If the force per unit length between 
these wires is 3 x 10> N m“|, the distance between them 
should be 

(A) 400m (B) 4m 

(C) 0-4m (D) 0:04m (C.E.T. 1999) 
Two long parallel wires are ata distance of 1 m. If both 
of them carry 1 A of current, then the force of attraction per 
unit length between the two wires is 


(A) 2x107Nm! (B) 2x108Nm! 


(C) 5x108°Nm! (D) 5x« 107 Nm! 

(C.B.S.E. 1998) 
Two parallel wires in free space are 10 cm apart and each 
carries a current of 10 A in the same direction. The force 
exerted by one wire on the other (per metre length) is 
(A) 2x 10+ N attractive. 
(B) 2x 10-7 N attractive. 
(C) 2x 10+ N repulsive. 
(D) 2x 107 N repulsive. (C.B.S.E. 1997) 
A 15 cm radius ring has 3500 turns of wire wound on a 
ferromagnetic core of relative permeability 800. What is 
the magnetic field in the core for a magnetising current 
12A? 
(A) 0-39 oersted 
(C) 5-76 tesla 


(B) 5-76 oersted 
(D) 4-48 tesla 

(Karnataka Entrance, 1991) 
Two equal electric currents are flowing perpendicular to 
each other as shown in the figure. AB and CD are 
perpendicular to each other and symmetrically placed w.rt. 
the currents. Where do we expect the resultant magnetic 
field to be zero ? 


(A) on AB. 


(B) on CD. 
(C) on both AB and CD.(D) on both OD and BO. 
(C.B.S.E. 1996) 
. A circular loop of radius 10 cm carrying a current of 1 A is 
placed in a uniform magnetic field of 0-1 T. If the magnetic 
field is perpendicular to the plane of the loop, the force 
experienced by the loop is 


{ 


(A) 0-001 N (B) 0-:314N 

(C) 0:52N (D) zero (C.E.T. 1998) 
A circular loop of radius R carrying a current I is placed in 
a uniform magnetic field with its plane perpendicular to 
B. The force on the loop is 

(A) 227BIR (B) 2x7BPR 


(C) 47 BIR (D) zero (C.P.M.T. 1993) 
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(A) 2BR?2 (B) xz BI? R2 
(C) «B2I1R2 (D) zero (C.P-M.T. 1993) 


A current loop of area 0-01 m? and carrying a current of 
10 ampere is held perpendicular to a magnetic field of 
intensity of 0-1 tesla. The torque (in N m) acting on the 


loop is 
(A) 0 (B) 0-001 
(C) 0-01 (D) 1-1 


(Pre-Medical/Dental, 1994) 
A current carrying loop is placed in a uniform magnetic 
field. The torque acting on it does not depend upon 
(A) shape of the loop. 
(B) size of the loop. 
(C) value of the current. 
(D) magnetic field. (C.E.T. 1998) 
The basic instrument employed to detect current is 
(A) galvanometer (B) ammeter 
(C) wattmeter (D) voltmeter. 
(Karnataka, 1992 S) 
A galvanometer is said to be sensitive, if it gives a 
(A) small deflection for a small current. 
(B) small deflection for a large current. 
(C) large deflection for a large current. 
(D) large deflection for a small current. (CE; 1999) 
The sensitivity of a moving coil galvanometer can be 
increased by 
(A) increasing the number of turns. 
(B) decreasing the number of turns. 
(C) decreasing the area of the coil. 
(D) none of the above. (Karnataka Entrance, 1992, 1989) 
To convert a galvanometer into an ammeter, we connect 
(A) low resistance in series. 
(B) low resistance in parallel. 
(C) high resistance in series. 
(D) high resistance in parallel. 
(C.B.S.E. 2002 ; A.EM.C. 1995, 1993) 
A moving coil galvanometer has a resistance of 900 Q. In 
order to send only 10% of the main current through this 
galvanometer, the resistance of the required shunt is 
(A) 0:99 (B) 909 
(C) 1002 (D) 900 Q (Roorkee ,1992) 
A galvanometer having a resistance of 8 Q is shunted by a 
wire of resistance 2 Q. If the total current is 1 A, the part 
of it passing through the shunt will be 
(A) 12A (B) 0-8A 
(C) 05A (D) 03A (C.B.S.E. 1998) 
The deflection in a moving coil galvanometer falls from 
50 to 10 divisions, when a shunt of 12Q is connected across 
it. The resistance of the-coil of the galvanometer is 
(A) 240 (B) 12Q 
(C) 48 Q (D) 60Q. 
To increase the range of an ammeter, 
(A) asmall resistance is connected in series. 
(B) a small resistance is connected as shunt. 
(C) a large resistance is connected in series. 
(D) a large resistance is connected as shunt. 
(Karnataka Entrance, 1988) 
To convert a galvanometer into a voltmeter, 
(A) a high resistance is connected in parallel. 
(B) a low resistance is connected in series. 
(C) a low resistance is connected in parallel. 
(D) a high resistance is connected in series. 
(C.E.T. 1999 ; Karnataka Entrance, 1993) 
A galvanometer can measure a current up to 20 
milliampere. When it is connected in series with a 


42. 


43. 


resistance of 2970 ohm, it can read up to 60 volt. The 
galvanometer has a resistance (in ohm) 
(A) 130 (B) 30 
(C) 230 (D) 60 

(Karnataka Entrance, 1987) 
The e.m.f. of generator is 6 V and its internal resistance is 
0-5 kQ. The reading of a voltmeter having an internal 
resistance of 2:5 kQ is 
(A) 10°V (B) 1V 
(C) 5V (D) 10V (C_ESTyi991) 
A voltmeter has a resistance of 20 kQ. When it is connected 
in series with a resistance R across a 230 V supply, it reads 
160 V. The value of R is 
(A) 3-75 kQ 
(C) 6-75 kQO 


(B) 4-75 kQ 


(D) 8-75 kQ (CG. EaLogg) 


PART Il, THOUGHT-BASED QUESTIONS 
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If along hollow copper pipe carries a current, the magnetic 
field produced will be 
(A) inside the pipe only. 
(B) outside the pipe only. 
(C) neither inside nor outside the pipe. 
(D) both inside and outside the pipe. (C.B.S.E. 1999) 
A current I flows along the length of an infinitely long, 
straight and thin walled pipe. Then, the magnetic field 
(A) at all points inside the pipe is the same, but not zero. 
(B) at any point inside the pipe is zero. 
(C) is zero only on the axis of the pipe. 
(D) is different at different points inside the pipe. 

(LLT. 1993) 
A constant current is flowing through a straight conductor. 
The variation of magnetic induction B with distance r of 
the observation point will be as shown : 


eae as 

(ay "®@ 
es 

"D) 


(A): 


> 
(C) 


(A.FEM.C. 1997) 
An infinitely long conductor POR is bent to form a right 
angle_as shown. A current I flows through POR. The 
magnetic field due to this current at the point M is B,. Now, 
another infinitely long straight conductor QS is connected 


i} 
4 
i 
I 
i 
! 
1 
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at Q, so that the current is I/2 in OR as well as QS, the 
current in PQ remaining unchanged. The magnetic field at 
M is now B,. The ratio B,/B, is given by 

(A) 1/2 (B) 1 

(C) 2/3 (D) 2 (LLT. 2000) 
A non-polar loop of conducting wire carrying a current I 
is placed as shown in the figure. Each of the straight 
sections of the loop is of length 2 a. The magnetic field 
due to this loop at the point P (a, 0, a) points in the 
direction 


ts "Vhe & 
(A) eine 
Uj gonk oth ot e: 
(B) gi PERE 
© tdsjeh 9 > x 
hy song I 
(D) Acai. y’ (1.1.T.. 2001) 


A long straight along the Z-axis carries a current I in the 


> 
negative Z-direction. The magnetic field vector B at a point 
having coordinate (x, y) on the z = 0 plane is 
Pies Se 


(A) (B) tio jnd Ad ho Dp, 


2 (x+y) 2a (x* +y7) 
fig Tex i y i) Mo UGi-y)) 
© fo. oe OD) on Giaydy Ht 2002) 


Two wires are held perpendicular to the plane of paper at 
5 m apart. They carry currents of 2-5 A and 5 A in same 
direction. Then the magnetic field strength (B) at a point 
midway between the wires will be : 


Ho Ho i 

(4) 4a - (B) 2a 

(Cc) 207 wD) “OT  (CBS.E. 2002) 
2a 4n 


The magnetic field of a given length of wire carrying a 
current for a single turn circular coil at centre is B. Then 
its value for the same wire, when same current passing 


through it, is 
(A) B/4 (B) B/2 
(C) 2B (D) 4B (C.B.S.E. 2002) 


A wire of certain length is bent to form a circular coil of a 
single turn. If the same wire is bent into a coil of smaller 
radius so as to have two turns, then magnetic field 
produced at the centre by the same value of current is : 
(A) one quarter of its value in first case. 

(B) one half of its value in first case. 

(C) two times its value in first case. 

(D) four times its value in first case. 


(C.B.S.E. 1998 ; Karnataka Entrance, 1991, 1988 ; A.I.I.M.S. 1990) 
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A portion of a conducting wire is bent in the form of a 
semicircle of radius R as shown in figure. At the centre of 
the semicircle, the magnetic induction will be : 


: 
R 
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54. The current that flows through a conductor of length 1 cm 


oh) 


bent into the form of an arc of a circle of radius 2 cm to 
produce a magnetic field of 0-1 oersted at its centre is 
(A) 1 ampere (B) 4 ampere 

(C) 0-5 ampere (D) 0-1 ampere 

A coil having n turns is wound tightly in the form of a 
spiral with inner and outer radii a andb respectively. When 
a current! passes through the coil, the magnetic field at the 
centre is 


(A) Mont (B) 2ugnl 
b a 
Bont b Ho iy b 
. loge (D loge 2 (LET. 
~ 2(a—b) Be a (D) 2(b—a) Oe 4 (LI.T. 2001) 


Two coils are placed, such that their planes are at right 
angles to each other and have common centre. If each coil 
carries the same current and produces same magnetic field 
B, then the resultant field will be : 


(A) 2B (B) /2B 

(©) B/V2 (D) zero 

An infinitely long straight conductor is bent into the shape 
as shown. If it carries a current I and the radius of the 
circular loop is R, then magnetic induction at the centre of 
the circular part is : 


gi 
(A) “‘4n oR 

My 21 
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(D) cannot be found. 

A rectangular loop carries a current I, and is placed near a 
long straight wire. If the wire carries a current I, and it is 
parallel to one of the sides of the loop, then the loop will 


I 


tt nd eens onl Hie nace hae da 
I 

(A) move towards the wire. 

(B) move away from the wire. 

(C) rotate about some axis parallel to the wire. 

(D) remain stationary. 

Two current carrying coils are held as shown in the figure. 

If the two coils attract each other, then direction of flow of 

electrons must be same at the ends 


(A) Aand B. 
(B) AandC. 
(C) AandD. 


(D) Cand D. 

In the diagram, PQ is a long current carrying wire, which 
is placed near a current carrying circular coil. The direction 
of the force acting on PQ is P 


A Be GC D 


(A) parallel to PQ towards Q. 
(B) parallel to PQ towards P. 
(C) perpendicular to PQ towards right. 


(D) perpendicular to PQ towards left. Q 
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Two very long, straight and parallel wires carry steady 
currents I and — I respectively. The distance between the 
wires is r. At a certain instant of time, a point charge q is 
at a point equidistant from the two wires, ir: the plane of 
the wires. Its instantaneous velocity v is perpendicular to 
this plane. The magnit:de of the force due to the magnetic 
field acting on the charge at this instant is 


Molqu Mol qu 
(A) “On (B) ur 
2uylqu 
(ep erers (D) 0 (LLT. 1998) 


Two long parallel wires are at a distance 2 d apart. They 
carry steady equal currents flowing out of the plane of the 
paper as shown. The variation of the magnetic field B along 


the line XX’ is given by 


xX 
(A) (B) 
' 1 ' 1 
b\ cheat & fey Fe 
I I ! I 
1 1 I I 
x’ Xx x’ Xx 
1 I ! 1 
I 1 ! I 
I l ! 1 
\ 
eae ge ple 
(C) D 
(LLT. 2000) 


Current I is flowing in a coil of area A and number of turns 
n. The magnetic moment of the coil is 


(A) nIA (B) n21A 

(Gia: (Dy (C.B.S.E. 2001) 
A VA . . . . 

The resistance of an ideal ammeter is 

(A) very low. (B)_ very high. 

(C) infinity. (D) can have any value. 


(C.E.T. 1999 ; Karnataka Entrance, 1993) 
The resistance of an ideal voltmeter is 
(A) very high. (B) nearly zero. 
(C)_ very low. (D) none of the above. 

(Karnataka Entrance, 1984) 

A candidate connects a moving coil voltmeter V and a 
moving coil ammeter A and resistance R as shown in 
figure. If the voltmeter reads 20 V and the ammeter reads 
4 A, then R is 


- R 
(A) equal to 5 Q. (B) greater than 5 Q. 
(C) less than 5 Q. 
(D) greater or less than 5 2 depending upon its material. 
(A.F.MC. 1998) 


PART I. TEXT-BASED QUESTIONS 
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The mass of a proton is about 2,000 times the mass of an 
electron. An electron and a proton are injected into a 
uniform electric field at right angles to the direction of the 
field with the same initial kinetic energy. Then, 
(A) the electron trajectory will be less curved than that of 
the proton. 
the proton trajectory will be less curved than that of the 
electron. 
both the trajectories will be equally curved. 
both the trajectories will be straight. 
(Karnataka Entrance, 1988) 
A deuterium nucleus consists of one proton and one 
neutron. If a deuterium nucleus and a helium nucleus are 
both placed in the same electric field, the acceleration of 
deuterium is 
(A) equal to that of the helium. 
(B) greater than that of helium. 
(C)_ less than that of helium. 
(D)_ not related in a fixed way to that of helium. 
(Karnataka Entrance, 1986, 1985) 
A charged particle is moving through magnetic field. Then, 
magnetic field : 
(A) always exerts a force on the particle. 
(B) never exerts a force on the particle. 
(C) exerts a force, if the particle is moving at right angles 
to the field. 
(D) exerts a force, if the particle is moving along the field. 
An electric charge e moves with a constant velocity v 
parallel to the lines of force of a uniform magnetic field 
B, the force experienced by the charge is : 


(B) 


(C) 
(D) 


ev 
(A) Bev (B) 3B 
e 
(C) zero (D) Biel 


A uniform magnetic field acts at right angles to the 
direction of motion of electrons. As a result, the electron 
moves in a circular path of radius 2 cm. If the speed of the 
electrons is doubled, then the radius of the circular path 
will be 

(A) 2:0 cm (B) 0-5 cm 

(C) 40cm (D) 10cm (C.B.S.E., 1991) 
An electron moves with a velocity of 10° ms“! in amagnetic 
field of induction 0-3 T at an angle 30°. If e/m of electron 
is 1-76 x 101! C kg“, the radius of the path is nearly 

(A) 108m (B) 2x10%m 

(C) 10%m (D) 10-71?m (C.B.S.E. 2000) 
A charged particle of charge q and mass m enters 


perpendicularly in a magnetic field B . Kinetic energy of 
the particle is E. Then frequency of rotation is 


B B 
(ay 4 (B) 1 
2am 
qBE qB 
(C) Piey (D) OnE (C.B.S.E. 2001) 


A proton having charge e enters a magnetic field of 
strength B with a velocity v in a direction making angle 0 
with the direction of the field. The force on proton is : 
(A) Bev (B) zero 

(C) Bevcosé (D) Bevsiné 

Two particles X and Y having equal charges, after being 
accelerated through the same potential difference enter a 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


region of uniform magnetic field and describe circular 
paths of radii r, and r, respectively. The ratio of the mass 


of X to that of Y is 
1/2 
fl 
(A) (2) 
( 4 
\n 


, 
1 
(C) 2) 

(C.P.M.T. 1991 ; I.LT. 1988) 
A proton is projected in a direction perpendicular to a 
uniform magnetic field and an electron is projected along 
the direction of the field. Then, the path followed by 
(A) electron will be circular, while that of proton will be 
straight. 
proton will be circular, while that of the electron will be 
straight. 
(C) both of them will be parabolic. 
(D) both of them will be straight. 
The radius of curvature of the paths of a charged particle 
in uniform magnetic field is directly proportional to : 
(A) the charge on the particle. 
(B) the energy of the particle. 
(C) the momentum of the particle. 
(D) the intensity of the field. 
A deutron of kinetic energy 50 keV is describing a circular 
orbit of radius 0-5 m in a plane perpendicular to magnetic 


field B . The kinetic energy of the proton that describes a 
circular orbit of radius 0-5 m in the same plane with the 


r 
(B) (2) 


(D) 


(B) 


same B ‘is 
(A) 25 keV (B) 50 keV 
(C) 200 keV (D) 100 keV 


(Pre-Medical/Dental, 1991) 
A proton and an alpha particle enter in a uniform magnetic 
field with the same velocity. The time period of rotation 
of the alpha particle will be 
(A) four times that of the proton. 
(B) two times that of the proton. 
(C) three times that of the proton. 
(D) same as that of the proton. (Pre-Medical/Dental 1990) 


az 

A charge gq moves in a regin, where electric field E and 
> 

magneic field B both exist. Then the force on itis : 


30S 
(A) q(v XB) 


> FS 


—?. 
(B) gE+q(vxB) 


3 > 8S ~ 3a Ul 
(C) gE+q(Bx v) (D) qB+q(Ex v) 


(C.B.S.E. 2002) 

~ 
In a certain region of space, electric field E and magnetic 
field B are perpendicular to each other and an electron 


3 > 
enters in region perpendicular to the direction of B and E 
both and moves undeflected. Then velocity of electron is 


\EI B 
(A) (B) _ 
IBI lEl 
Ns ee 
(C). EXiB (D) E.B (C.B.S.E. 2001) 


Cyclotron is a device to 

(A) measure charge. (B) measure voltage. 

(C) accelerate protons. (D) accelerate electrons. 
(A.F.M.C. 1997) 


17. 


19. 


20. 


21. 


DR 


The phenomenon of production of e.m.f. in a current 
carrying metallic strip on applying a magnetic field along 
a direction perpendicular to the direction of flow of current 
is known as 

(A) Half effect 
(C) Seebeck effect 


(B) Joule effect 
(D) Peltier effect 
(A.E.M.C. 1996) 


PART Il, THOUGHT-BASED QUESTIONS 
18. 


An electron is projected into a magnetic field with 
components of velocity parallel and normal to the field. 
The path followed by electron will be : 

(A) straight. (B) parabolic. 

(C) helical. (D) elliptical. 

An electron describes half a revolution in a circle of radius 
r inside a magnetic field of strength B. The energy acquired 
by the electron is : 


(A) sm v (B) mv? 

(C) arxBev (D) zero. 

A proton and alpha particles are projected with the same 

kinetic energy at right angles to a uniform magnetic field. 

Then 

(A) the alpha-particle will move along a circular path of 
smaller radius than the proton. 

(B) the alpha-particle will move along a circular path of 
greater radius than the proton. 

(C) both will move along circular paths of same radius. 

(D) both will follow a straight path. 

After being accelerated through a potential difference of 

V (volt), an electron passes through a transverse magnetic 

field and experiences a force F. If the electron is accelerated 

through a potential difference of 2 V (in volt), then force 

on electron will be : 


F F 
(A) Ye (B) 5 
(Cc) J2F (D) 2F 


A charged particle passes through a region of space without 
change in its velocity. If E and B represent the electric and 
magnetic fields respectively, then for this region of space, 
which alternative may not be possible ? 


23. 


24. 


25. 


(B) E40,B+#0 
(D) E+0,B=0 


(C) E=0,B40 


An electron passes a region of space in which electric ( E ) 


‘ > 
and magnetic field ( B ) act over the same region. The 
electron may emerge undeflected, if the fields are oriented 


as shown : 
van 
—e 


(A) rs (B) 
a 
8 
ve" | 
a9 =e 
7 a 
(C) (D) 


An electron and a proton both having same linear 
momentum are projected at right angles to a uniform 
magnetic field. Then trajectory of 

(A) both will be equally curved. 

(B) both will be straight. 

(C) electron will be less curved than that of proton. 

(D) proton will be less curved than that of electron. 

A particle of mass m and charge q moves with a consant 
velocity v along the positive X-direction. It enters a region 
containing a uniform magnetic field B directed along the 
negative Z-direction, extending from x = a to x = b. The 
minimum value of v required so that the particle can just 
enter the region x > b is 


b-— 
rosea pei ea 
m 
ic ee (p) 22*9B arr. 2002) 
m 2m 


Chapter 3. Magnetic dipole 


PART I. TEXT-BASED QUESTIONS 


1. 


Which one of the following statement is correct ? The field 
strength of a bar magnet : 

(A) is same throughout the entire length of the bar magnet. 
(B) is greater at the centre of the bar magnet. 

(C) is the greatest at the poles. 

(D) increases as the magnet ages. 

When a bar magent is immersed in a heap of iron filings 
and is then taken out, it is observed that iron filings stick 
to the surface of the bar magnet. A close exmination would 
reveal that iron filings 

(A) stick uniformly throughout the surface of bar magent. 
(B) stick randomly on the surface of bar magnet. 

(C) have maximum concentration at the mid portion of bar 


magnet. 
(D) have maximum concentration at the two ends of the bar 
magent. (C.E.T. 1998) 
The magnetic field lines : 


(A) intersect at the neutral point. 
(B) intersect near north and south poles. 
(C) cannot intersect at all. 
(D) depend upon the position of the magnet. 
(M.N.R. 1987) 


4. 


5, 


6. 


A uniform magnetic field is obtained in : 
(A) a bar magnet. 
(B) a horseshoe magnet. 
(C) a circular coil carrying a current. 
(D) a cylindrical coil carrying a current. 

(Karnataka Entrance, 1992) 
The strength of magnetic field at a distance r (in metre) 
from an isolated magnetic pole of strength m (in SI units) 
in air is: 


Ona, at OL 
(A) An Tr (B) 4n r 
Ho Ho 2 
(C) Ae mr (D) ie mr (M.N.R. 1987) 


The magnetic field due to a small magnetic dipole of 
magnetic moment M ata point on the axis of the dipole and 
at a distance r from it is given by 


Ho M Ho .M 
Mian (B) aise ypliy? 
Ho 424 Holl, 2M 
Cee Ni (D) gq 72. (A-FM.C. 1998) 


10. 


i ide PON fi 2 
The magnetic field at a distance d from a short bar magnet 
in longitudinal and transverse positions are in the ratio : 
(A) 1:1 (B) 1:2 


(GC) 5251 (D) 3:1 (CELE 1999) 


ms 
A bar magnet of magnetic moment M is placed in a 
> 
magnetic field of induction B . The torque exerted on it is 
a 3 OS 
(A) M.B (B) —-M.B 


> 53 ees iy a 

(C) MxB (D) -MxB (CBS: 1999) 
The work done in turning a magnet of magnetic moment 
M through an angle @ from the meridian is : 
(A) MB (1-—cos 6) (B) MBcos @ 
(C) mB (D) MBsin 6 

(A.EM.C. 1997 ; M.N.R. 1992) 
The work done in turning a magnet of magnetic moment 
M by an angle of 90° from the meridian is n times the 
corresponding work done to turn it through an angle of 60°. 


The value of n is given by 
(A) 2 (B) 1 
(C) 0-5 (D) 0-25 (CBiS;E. 1995) 
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11. 


abs: 


13. 


14. 


A bar magnet of magnetic moment M is cut into two parts 
of equal lengths. The magnetic moment and pole strength 


of either part is : 
M m m 
(C) “em (D) M, m 


(C.B.S.E. 1997 ; N.C.E.R.T. 1983) 
A bar magnet has been cut equally lengthwise and 
breadthwise to give four equal pieces. The pole strength 
of each piece as compared to the pole strength of original 
bar magnet is : 
(A) same (B) 1/8 
(C) 1/4 (D) 1/2 
A large magnet is broken into two pieces, so that their 
lengths are in the ratio 2: 1. The pole strengths of the two 
pieces will be: 
(A) in the ratio 4:1 (B) in the ratio 2:1 
(C) in the ratio 1:2 (D) equal. 
A steel wire of length L has a magnetic moment M. It is 
then bent into a semicircular arc. The new magnetic 
moment is : 


15. 


16. 


17. 


18. 


19. 


iP es 


(C) 2M/z ° ~(D) ML - (C.PM.T. 1984 

The direction of magnetic field lines of a bar magnet is 

(A) from south pole to north pole. 

(B) from north pole to south pole. 

(C) across the bar magnet. 

(D) from south pole to north pole inside the magnet and 

from north pole to south pole outside the magnet. 

(A.E.M.C. 1995) 

The magnetic field lines due to a bar magnet are correctly 


shown in (LLT. 2002) 
N 
S S 
(A) (B) 
N N 
| 
| 
| 
I 
S ‘= 


(C) (D) 


Two small magnets each of magnetic moment 10 A m? are 
placed in end-on position 0-1 m apart from their centres. 
The force acting between them is : 
(A) 0-6 x 107 N (B) 0-06 x.107 N 
(C) 0-6N (D) 0-06 N (M.N.R. 1994) 
A bar magnet is placed inside a non-uniform magnetic 
field. It experiences : 
(A) a force and a torque. 
(B) a force but not a torque. 
(C) a torque but not a force. 
(D) neither a force nor a torque. (LIT. 1982) 
The absence of magnetic monopole is explained by : 
(A) Coulomb’s law. (B) Lorentz’s law. 
(C) Gauss’s law. (D) Fleming’s law. 

(Karnataka Entrance, 1991) 


Chapter 4. Earth’s magnetism 


PART I. TEXT-BASED QUESTIONS 


1. 


The line joining the points of horizontal component of 
earth’s magnetic field is called : 
(A) magnetic axis. (B) magnetic line. 
(C) magnetic meridian. (D) magnetic equator. 

(M.N.R. 1987) 
The angle between the earth’s magnetic axis and earth’s 
geographic axis is : 
(A) 0° (B) 17° 
(C) 23° (D) none of the above. 

(M.N.R. 1977) 
Earth’s magnetic field always has a horizontal component 
except at: 
(A) equator (B) poles 
(C) both at equator and poles 
(D) none of the above. 
Which of the following relation is correct in magnetism ? 


(A) B=\By2+By2  (B) B=By + By 


f ( 


(C) By=/B2+By2 (D)_ By = /B2 + By? 


(A.EM.C. 1996) 
At magnetic poles, the angle of dip is : 
(A) 45° (B) 30° 
LS pba (D) 90° (C.P.M.T. 1991) 


Ata certain place, the angle of dip is 30° and the horizontal 
component of earth’s magnetic field is 0-50 oersted. The 
earth’s total magnetic field is : 


(A) 3 (B) 1 

(©) 1/V3 (D) 1/2 (C.PM.T. 1990) 
The angle of dip at the magnetic equator is : 

(A) 0° (B) -45° 

(C) 90° (D) 30° 


The angle of dip is 6 at a place, where the horizontal and 
vertical components of earth’s magnetic fields are equal. 
The value of 0 is : 
(A) 0° 

(C) 45° 


(B) 30° 
(D) 90° 


10. 


11. 


12. 


13. 


14. 


where By tang: 

with a coil of 20 turns carrying a current of 0-64 ampere 
produces a deflection of 45°, provided the radius of the coil 
in cm is (a = 22/7): 
(A) 25 

(C) 2-25 


(B) 37:5 
(D) 1-75 

(Karnataka Entrance, 1987) 
The sensitivity of a tangent galvanometer is increased, if 
(A) number of turns decreases. 
(B) field increases. 
(C} number of turns increases. 
(D) field decreases. (A.E.M.C. 1995) 
The period of oscillation of a magnet in a vibration 
magnetometer is 2 s. The period of oscillation of a magnet 
of same size but having magnetic moment four times will 
be: 
(A) 1s (B) 4s 
(C) 8s (D) 0-05s (C.P.M.T. 1990) 
A magnet suspended in earth’s field can vibrate in 
horizontal plane. A second magnet is so placed that the field 
becomes less than the horizontal component of earth’s field. 
In this situation, the time period will : 
(A) increase (B) decrease 
(C) remain unchanged (D) cannot be predicted. 
The time period of oscillation of a freely suspended 
magnet does not depend upon : 
(A) the length of the magnet. 
(B) the pole strength of the magnet. 
(C) the horizontal component of the earth’s magnetic field. 
(D) the length and nature of the material of the suspension. 

(C.P.M.T. 1980) 

Two bar magnets having same geometry with magnetic 
moments M and 2 M are firstly placed in such a way that 
their similar poles are on the same side ; then its period of 
oscillation is T,. Now the polarity of one of the magnets 
is reversed. The time period of oscillations will be : 
(A) T, <T, (B) T,>T, 


(C) T,=T, (D) T,= (C.B.S.E. 2002) 
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15. 


16. 


Isogonic lines on magnetic map represent lines of : 

(A) zero declination. | (B) equal declination. 

(C) equal dip. (D) equal horizontal field. 
(C.P.M.T. 1992) 

Due to earth’s magnetic field, the charged cosmic rays 

particles 

(A) require greater kinetic energy to reach the equator than 


17. 


18. 


19. 


20. 


20% 


22s 


23. 


24. 


eas 
evi 
(D) can never reach the equator. (C.B.S.E. 1997) 
A circular loop is carrying current and is said to be 
equivalent to a magnetic dipole. Then, a point on the axis 
of the loop lies in its j 
(A) end-on position. 

(B) broad side-on position. 

(C) both end-on and broad side-on positions. 

(D) none of the above. 

A circular loop is carrying current and is said to be 
equivalent to a magnetic dipole. Then, a point on the loop 
lies in its 

(A) end-on position. 

(B) broad side-on position. 

(C) both end-on and broad-side on positions. 

(D) none of the above 

A dip circle is at right angle to the magnetic meridian. What 
will be its apparent dip ? 

(A) 0° (B) 30° 

(C) 60° (D) 90° (A.EM.C. 1995) 
If a magnet is suspended at an angle 30° to the magnetic 
meridian, the dip needle makes an angle of 45° with the 
horizontal. The actual angle of dip is : 


tan! V3 


3 
(A) tan"! 3 (B) 


Bape: -1.N9 

—— ta — 

(C) tan Bs (D) tan - 

A magnet is placed vertically on a paper. Then, the neutral 
point obtained on the paper is: 

(A) one only (B) two only 

(C) three only (D) zero. (C.P.M.T. 1985) 
A magnet was found to vibrate at a place with a period of 
T. A piece of brass of same length, breadth and mass was 
placed over the magnet. The new time period will be : 


(A) 2T (B) T/ 2 


(C) T/2 (D) /2 T 

A bar magnet is oscillating in earth’s magnetic field with 
a period T. What happens to its period and motion, if its 
mass is quadrupled ? 
(A) T/2 

(C) 47 


(B) 2T 

(D) unchanged. 
(Pre-Medical/Dental ,1994) 

A thin rectangular magnet suspended freely has a period 

of oscillation of 4 s. If it is broken into two halves (each 

having half the original length) and one of the pieces is 

suspended similarly, the period of its oscillation will be : 


pole. (A) 4s (B) 2s 
(B) require less kinetic energy to reach the equator than (C) 05s (1D) 2 0251s (N.C.E.R.T. 1984) 
pole. 
Chapter 5. Classification of Magnetic materials : 
{A) Aluminium (B) Quartz 
PART £ TEXT-BASED UESTIONS (C) Nickel (D) Bismuth ; 
1. Tesla is the unit of (Karnataka Entrance, 1993) 
(A) electric flux (B) magnetic flux 4. An example of a ferromagnetic substance is : 
(C) electric field (D) magnetic induction (A) aluminium (B) nickel 
(C.B.S.E. 1997) (C) gold (D) copper (Karnataka, 1993) 
2. Chose the correct answer : 5. Which of the following is paramagnetic ? 
(A) All electrons possess magnetic moment. (A) Antimony (B) Silver 
(B) All protons possess magnetic moment. (C) Marble (D) Alnico 
(C) All nuclei possess magnetic moment. 6. If the permanent magnetic moment of the atoms ofa 
(D) All atoms possess magnetic moment. substance is zero, then substance is called : 
3. Which of the following is ferromagnetic ? 


10. 


11. 


12. 


13; 


14. 


15. 


16. 


17. 


18. 


(B) paramagnetic 
(D) antiferromagnetic 
: (C.P.M.T. 1993) 
In which type of material the mgnetic susceptibility does 
nto depend on temperature ? 
(A) Diamagnetic (B) Paramagnetic 
(C) Ferromagnetic (D) Ferrite (C.B.S.E. 2001) 
Here, “4p is Bohr magneton. 
The susceptibility of a diamagnetic substance : 
(A) decreases with temperature. 
(B) does not vary with temperature. 
(C) first decreases and then increases with increase of 
temperature. 
(D) increases with temperature. 
(Karnataka Entrance, 1994) 
The magnetic permeability is maximum for : 
(A) paramagnetic (B) ferromagnetic 
(C) diamagnetic (D) non-magnetic. 
Susceptibility is positive and small fora: 
(A) paramagnetic (B) ferromagnetic 
(C) non-magnetic (D) diamagnetic. 
(C.P.M.T. 1990) 


(A) diamagnetic 
(C) ferromagnetic 


Susceptibility is positive and large fora 
(A) paramagnetic (B) ferromagnetic 
(C) non-magnetic (LD) diamagnetic. 
(C.P.M.T. 1990, 1982) 
If a diamagnetic substance is brought near north or south 
pole of a bar magnet, it is 
(A) attracted by the poles. 
(B) repelled by the poles. 
(C) repelled by the north pole and attracted by the south 


ole. 
(D) attracted by the north pole and repelled by the south 
pole. (C.B.S.E 1999) 


The relative permeability of a diamagnetic material is 
(A) zero. (B) equal to unity. 
(C) less than unity. (D) more than unity. 
(A.F.M.C. 1998) 
A diamagnetic solution is poured into a U- tube and one 
arm of this U-tube is placed between the poles of a strong 
magnet with the meniscus ina line with the field. Then the 
level of the solution will : 
(A) rise (B) fall 
(C) oscillate slowly (D) remain as such. 
(M.N.R. 1993) 
The meniscus of a liquid contained in one of the limbs of 
a narrow U-tube is held in an electromagnet with the 
meniscus in line with the field. The liquid is seen to rise. 
This indicates that the liquid is: 
(A) ferromagnetic (B) paramagnetic 
(C) diamagnetic (D) non-magnetic. 
(M.N.R. 1992) 
Choose the correct answer : 
(A) Diamagnetism occurs in all materials. 
(B) Diamagnetism is the result of partial alignment of 
permanent magnetic moment. 
(C) The magnetic field due to induced magneitc moment 
is opposite to the applied field. 
(D) The magnetising field intensity is always zero in free 
space. 
Which of following is not a unit of intensity of 
magnetisation ? 


(A) Am! (B) J Tm? 

(Cc) NT! m? (D) A T!m? 

Which of the following is not unit of magnetic induction ? 
(A) T (B) Wb m2 
(C) JA tm? (D) NAT m! 


20. 


21; 


22. 


23. 


24. 


25. 


26. 


2 


latign is tot correct 2? h 
(B) B=u4,(1+ x,)H 


(A) B=, (+H) 
B- Ho H 

Ho 
A uniform magnetic field (parallel to the plane of the 
paper) existed in space initially directed from left to right. 
When a bar of soft iron is placed in the field parallel to it, 
the lines of force passing through it, will be represented 
by: 


(C) I= (D) x,=4-1 


(C.P.M.T. 1988) 

At currie point, a ferromagnetic material becomes : 
(A) non-magnetic (B) diamagnetic 
(C) paramagnetic (D) strongly ferromagnetic. 

(N.C.E.R.T. 1990) 
Above curie temperature, ferromagnetic specimen : 
(A) remains ferromagnetic. 
(B) becomes ferromagnetic. 
(C) becomes paramagnetic. 
(D) becomes diamagnetic. (Karnataka, 1995, 1992) 
Which of the following relation is not correct ? 


I 
(A) Xm= iti 
(C) my =H 1 +X) (D) p= 1 +X m 
For a paramagnetic material, the dependence of the 


magnetic susceptibility y,,, on the absolute temperature T 
is given by: 


(B) Wy =Hy (1 +%q) H 


Kin iS 


(A) XT (B) : 


(C) Xm= aki (D) x,, = constant 

A rod of a paramagnetic substance, such as platinum is 
placed in a non-uniform strong magnetic field. How will 
it align itself in the field ? 


(C) (D) 


A rod of a diamagnetic substance, such as bismuth is 
placed in a non-uniform magnetic field. How will it align 
itself in the field ? Refer the four orientations as shown in 
last question. 

The hysteresis curve of a magnetic material is generally 
studied for: 

(A) diamagnetic materials. 
(B) ferromagnetic materials. 
(C) paramagnetic materials. 
(D) dielectric materials. 


(Karnataka Entrance, 1991) 


29. 


30. 


AME 


32. 


33. 


34. 


35. 


36. 


8. Which of the following is most suitable for the core of the 


electromagnets ? 
(A) Air 
(C) Steel 


(B) Soft iron 

(D) Cu-Ni alloy 
(A.L.I.M.S. 1980) 

Electromagnets are made of soft iron, because soft iron 

has : 

(A) low susceptibility and low retentivity. 

(B) high susceptibility and low retentivity. 

(C) high susceptibility and high retentivity. 

(D) low permeability and high retentivity. 

An electromagnet uses : 

(A) soft iron core (B) steel core 

(C) nickel core (D) coppercore (A.FM.C. 1988) 

Soft iron is used to manufacture electromagnets, because 

their: 

(A) magne ic saturation limit is high and retentivity and 

coercivity are small. 

(B) retentivity is high. (C) coercivity is high. 

(D) area of hysteresis loop is large. (N.C.E.R.T. 1980) 

Soft iron is used in many parts of electrical machines 

for : 

(A) low hysteresis loss and low permeability. 

(B) low hysteresis loss and high permeability. 

(C) high hysteresis loss and low permeability. 

(D) high hysteresis loss and high permeability. 

A magnetic needle suspended by a silk thread is vibrating 

in the earth’s magnetic field. If the temperature of the needle 

is increased by 500 °C, then : 

(A) the time period decreases. 

(B) the time period remains unchanged. 

(C) the time period increases. 

(D) the needle stops vibrating. 


(M.N.R. 1988) 


(M.N.R. 1994) 


PART If. THOUGHT-BASED QUESTIONS 


Two particles, each of mass m and charge q, are attached 
to the two ends of a light rigid rod of length 2 R. The rod 
is rotated at constant angular speed about a perpendicular 
axis passing through its centre. The ratio of the magnitudes 
of the magnetic moment of the system and its angular 
momentum about the centre of the rod is 


Ah he q 
2 q 
cq 4 0 saps (LT. 1998) 


A particle of charge q and mass m moves in a circular orbit 
of radius r with angular speed w. The ratio of the 
magnitude cf its magnetic moment to that of its angular 
momentum depends on 

(A) wand gq (B) w,q andm 

(C) qandm (D) wandm (LT. 2000) 
The magnetic moment of atomic neon is equal to : 

(A) zero (B) “up 


(C) pp/2 (D) 3 4,/2 (N.C.E.R.T. 1984) 


Here, Mp is Bohr magneton. 
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The hysteresis cycle for the material of permanent magnet 

18: : 5 

(A) short and wide. (B) tall and narrow. 

(C)_ tall and wide. (D) short and narrow. 

The B-H curves (a) and (b) in the figure are associated with 

(A) a diamagnetic and para- 
magnetic substance res- 
pectively. 

(B) a paramagnetic and a 
ferromagnetic substance 
respectively. 

(C) soft iron and steel respec- 
tively. 

(D) steel and soft iron respec- 

tively. 


(C.P.M.T. 1989) 


The area of the B-H hysteresis loop is an indication of : 
(A) the permeability of the medium. 
(B) the susceptibility of the substance. 
(C)_ the retentivity of the material. 
(D) the energy dissipated per unit volume of the substance 
per cycle. (Karnataka Entrance, 1994, 1993) 
Area contained within the hysteresis loop represents : 
(A) magnetic energy of the specimen. 
(B) loss of energy of the specimen. 
(C) loss of energy per unit volume per cycle. 
(D) none of the above. (Karnataka, 1995) 
The material of a permanent magnet has : 
(A) high retentivity, low coercivity. 
(B) low retentivity, high coercivity. 
(C) low retentivity, low coercivity. 
(D) high retentivity, high coercivity. 
(Karnataka Entrance, 1994, 1988) 
Ferromagnetic substance used in a transformer must 
have : 
(A) high susceptibility and high hysteresis loss. 
(B) high permeability and low hysteresis loss. 
(C) low permeability and high hysteresis loss. _ 
(D). low permeability and low hysteresis loss. 
(Karnataka, 1992 S) 
For protecting a sensitive equipment from external 
magnetic field, it should be : 
(A) placed inside an iron can. 
(B) wrapped with insulated wire, through which current 
is passed. 
(C) surrounded with fine copper gauge. 
(D) placed inside an aluminium can. 
(C.B.S.E. 1998 ; Karnataka Entrance, 1992) 
In cassette tapes, the sound is recorded in the form of : 
(A) variable electrical resistance on the tape. 
(B) sound wave on the tape. 
(C) electrical energy. 
(D) magnetic field on the tape. 
(Karnataka Entrance, 1989) 
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ELECTROMAGNETIC 
INDUCTION & 
ALTERNATING CURRENT 


Electromagnetic Induction 
Transient Current 
Alternating Current 

Electrical Machines & Devices 


“Perhaps all magnetic phenomena, including the magnetism of magnets is only 


a manifestation of charge in motion.” 
— Andre-Marier Ampere 
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Ml} 01. ELECTROMAGNETIC INDUCTION 

As said earlier ; in 1820, Oersted discovered the magnetic effect of electric 
current i.e. when a steady current flows through a conductor, a magnetic field is 
produced around it. In 1831, Michael Faraday discovered the effect, called 
electromagnetic induction, just converse to the magnetic effect of electric current. 

When a coil made of copper wire is placed inside a magnetic field, magnetic 
flux is linked with the coil. Faraday found that when the magnetic flux linked with 
the coil is changed’, an electric current starts flowing in the coil, provided the coil 
is a closed one. In case the coil is open, an e.m.f. is set up across the two ends of the 
coil. The current and the e.m.f. so produced are called induced current and induced 
e.m.f. respectively. The induced current and the e.m.f. in the coil last only so long 
as the magnetic flux linked with the coil keeps on changing. 

Thus, electromagnetic induction is the phenomenon of production of electric current 
(or e.m.f.) in a coil, when the magnetic flux linked with the coil is changed. 


ME 1.02. MAGNETIC FLUX 

The magnetic flux linked with a surface held in a magnetic field is defined 1s the number 
of magnetic field lines crossing the surface normally and is measured as the product of 
component of the magnetic field normal to the surface and the surface area. 

It is a scalar quantity and is denoted by ¢. 

Mathematically, magnetic flux linked with a surface area AS held inside a 
magnetic field B is given by 

p =B,, AS, ...(1.01) 

where B,, is component of magnetic field B along normal to the surface area AS. 


a 
Consider that a surface area AS is held inside the magnetic field B, such that 
direction of magnetic field makes an angle @ with normal to the surface area AS 
[Fig. 1.01]. Thus, component of magnetic field along normal to the surface area, 
B,, = Bcos 6 
Hence, magnetic flux linked with the surface area is given by 
p =B,, AS = (B cos 6) AS 
Or ¢@ =B AS cos 0 ...(1.02) 
If AS is the area vector representing the surface area AS, then equation (1.01) 
or (1.02) can be expressed as 
32 FG 
¢=B.AS ...(1.03) 


H 
, The direction of area vector AS is always along the surface area it represents. 
If nis unit vector along normal to the surface area, then equation (1.03) may be 
written as Set 
as ¢=B.(n AS) .-(1.04) 
Here, B .=B,, gives the component of magnetic field along normal to the 


surface area A S. 
Let us find the magnetic flux linked with a surface area, when held inside the 


magnetic field in the following cases : 
1. When magnetic field is perpendicular to the surface area. Fig. 1.02 shows 
a surface area AS held inside the magnetic field B, such that the direction of magnetic 
—> 


a> 
field is perpendicular to the surface area. Since B and AS are parallel, @ = 0°. 
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¢ =B AS cos 0° = B AS 
It follows that magnetic flux linked with a surface is maximum, when the 
direction of magnetic field is perpendicular to the surface area. 

2. When magnetic field is parallel to the surface area. Fig. 1.03 shows a surface 


area AS held inside the magnetic field B, such that the direction of magnetic field is _ 
> > 


parallel to the surface area. Since B and AS are perpendicular, 6 = 90°. 

From equation (1.02), we have 

¢ =BAS cos 90° = 0 
Unit of magnetic flux. In SI, the unit of magnetic flux is weber (Wb). 
1 weber (Wb) = 1 tesla (T) x 1 m2 

One weber is the magnetic flux linked with a surface area of 1 metre”, when held 
normally inside a uniform magnetic field of 1 tesla. 

In cgs system, the unit of magnetic flux is maxwell (Mx). 

1 maxwell (Mx) = 1 gauss (G) x 1 cm? 

One maxwell is the magnetic flux linked with a surface area of 1 cm, when held 

normally inside a uniform magnetic field of 1 gauss. 
1 Wb =1T x 1m? = (10*G) x 104 cm? 
or 1 Wb = 108 maxwell 
Dimensional formula of magnetic flux. From equation (1.02), we have 


$= BAS cos 0 Sx AB Con (. F=Bqv) 
qu 
Therefore, dimensional formula of ¢, 
MLT~ 
[p]= [Eases 5 | ET a 
qu 


[A TILT] 
oF [g]=[ML*T* A*} 


gue 1.03. FARADAY’S EXPERIMENT 
The following experiments performed by Faraday led to the discovery of the 
phenomenon of electromagnetic induction : 


Experiment 1. When the strength of magnetic field is varied. Consider two 
coils P and S wound on an iron rod. A battery and a tapping key K are connected _ 


to the coil P, while a sensitive galvanometer is connected to the coil S [Fig. 1.04]. 


SURFACE AREA = AS 


becomes zero, when it is paralle 


direction of magnetic field. 


Faraday observed that deflection is produced in the galvanometer, when the tapping t 


key K is pressed. When the tapping key is released, deflection is again produced — 
but the direction of deflection is opposite. The galvanometer does not show any ~ 


deflection, when the tapping key is kept pressed. 


Explanation. When current flows through the coil P, magnetic field is produced ; 


along the axis of the coil. Since the coil S is wound on the same rod, magnetic flux 
gets linked with this coil also. 

When the tapping key is just pressed, the current through coil P starts growing 
and it leads to a growing magnetic field through the coil S. As the magnetic flux 
linked with the coil S is changing, induced current is produced. On the other hand, 
when the key is released, the current through the coil P starts decaying. It results 
in decaying magnetic field through the coil S i.e. the magnetic flux linked with the 
coil S again starts changing. Due to this, induced current is produced in the coil. 
Since the induced current is produced due to decaying magnetic field (earlier, the 
magnetic field was growing), the flow of current and hence the deflection in the 
galvanometer is in the opposite direction. 

When the tapping key is kept pressed, the current in coil P becomes steady 
and hence magnetic flux linked with the coil S also becomes steady. Since 
induced current is produced only when the magnetic flux linked with the coil 
changes, the galvanometer does not show any deflection when the tapping 
is kept pressed. 


ey eat 
Y en the source 
coil. Consider a coil P wound on an iron rod and connected to 


sea nics pa i a 
‘om a stationary 


battery. A steady current flowing through the coil will produce a steady magnetic : 


eld along its axis. Another coil S has a galvanometer in its circuit [Fig. 1.05]. 


araday observed that deflection is produced in the galvanometer, when the coil z 


is moved towards the coil S. If the coil P is moved away, the galvanometer shows 


deflection again, but this time, the deflection is in opposite direction. The i 


eflection is produced in the galvanometer, only when the coil P is moved towards 
rt away from the coil S. 

Explanation. When a steady current is passed through the coil P wound on an 
on rod, the iron rod becomes an electromagnet. Since magnetic field lines crowd 


ar the poles of the magnet, the magnetic flux linked with the coil S grows when _ 


e coil P is moved towards the coil S ; and decays when it is moved away. Since 
ue to motion of the coil P towards or away from the coil S, the magnetic flux linked 
ith coil S changes, the galvanometer shows deflection due to the flow of induced 


rent in the coil S. In case the coil P is kept stationary, the magnetic flux linked _ 


ith the coil Sremains same and hence galvanometer does not show any deflection. 

The same effects will be observed, if the electromagnet (the current carrying 
il. P wound on the iron rod) is replaced by a bar magnet NS [Fig. 1.06]. 

Experiment 3. When a coil is moved in a stationary magnetic field. Consider 
at a coil ABCD having a galvanometer G in its circuit is placed inside a uniform 
agnetic field, which is confined to the region PQRS only. The cross-marks 
dicate that the magnetic field is directed perpendicularly into the plane of the 
iper. When the coil is moved so that it remains entirely inside the magnetic field 
ig. 1.07], the galvanometer does not show any deflection. On the other hand, 
hen the coil is pulled out of the magnetic field (moved so that a part of the coil 
inside the magnetic field and a part outside) as shown in Fig. 1.08, the galvano- 
eter shows deflection. 

Explanation. When the coil is moved entirely inside the magnetic field [Fig. 
)7], the magnetic flux linked with its area ABCD does not change. Due to this, no 
duced current is produced in the coil and the galvanometer does not show any 
flection. 

However, when the coil is moved as shown in Fig. 1.08, the area of the coil inside 
e magnetic field goes on decreasing i.e. the magnetic flux linked with the coil goes 
1 decreasing. As a result, the induced current flows through the coil and the 
Ivanometer shows deflection. The e.m.f. so produced in the coil is called motional 
n.f. It is a consequence of Lorentz magnetic force on the electrons inside the wire, 

which the coil is made of. However, the expression for motional e.m.f. can be 
tained both by finding Lorentz magnetic force on the electrons inside the wire 
rming the coil and by applying Faraday’s law of electromagnetic induction. 


81.04. FARADAY’S LAWS OF ELECTROMAGNETIC INDUCTION 
The results of Faraday’s experiments on electromagnetic induction are known 
Faraday’s laws of electromagnetic induction. These laws are stated as below : 
1. 
circuit in general) changes, induced e.m.f. is produced. 
2. The induced e.m.f. lasts as long as the change in the magnetic flux continues. 
3. 
of the magnetic flux linked with the circuit. 
Let g, and @, be the values of magnetic flux linked with the coil initially 
-t = 0) and at time f respectively. Then, 


rate of change of magnetic flux = ae 
Ife is the induced e.m.f. produced, then 
Pw 
t 
or a. Py Pr 


t 
Here, k is the constant of proportionality and the negative sign indicates that 


> induced e.m.f. has got opposing nature i.e. direction of flow of current due to 


of magnetic field is moved towards or away 


Whenever magnetic flux linked with a circuit (a loop of wire or a coil or an electric _ 


The magnitude of the induced e.m.f. is directly proportional to the rate of change 


Heat 
<—— 


nf 


ox: 


Test 


Key point 
1. Induced e.m.f. is produced in a coil, 
when there is relative motion between 
magnet and the coil. 

2. No induced e.m.f. is produced, when 
magnet is rotated about its own axis. 
‘However, induced e.m.f. is produced, if 
magnet is rotated about an axis 
perpendicular to its length. 
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~~ the induced e.m-f. is suck 


uch that it opposes 9 sik 
constant of proportionality* is 1. Hence, 
ae aoe ...(1.05) 


In SI, e is measured in volt, ¢ in weber and t in second. 
If dp is small change in magnetic flux in a small time dt, then the equation (1.05) 
may be expressed as 


gee ...(1.06) 


dt 
The equation (1.05) or (1.06) can be used to find the induced e.m.f. produced 
in a coil due to change in magnetic flux linked with the coil. 
If the coil consists of N turns, then magnetic flux ¢ is linked with each turn of 
the coil. Hence, 
the total magnetic flux linked with the coil = N @ 
Therefore, induced e.m.f. produced in the coil, 


d 
=——(N 
e it, ~) 
=-N— sp i 
or e es (1.07) 


The equation (1.06) or (1.07) is commonly known as Faraday-Lenz’s law. 


mame 1.05. LENZ’S RULE 


Lenz’s rule is a convenient method to determine the direction of induced © 


current produced in a circuit. It is related to the principle of conservation of energy 
and it accounts for the negative sign appearing in equation (1.06) or (1.07). 

Lenz’s law states that the induced current produced in a circuit always flows in such 
a direction that it opposes the change or the cause that produces it. 

Let us now apply Lenz’s rule to find the direction of flow of induced current 
in the experiments described in section 1.03. 

Experiment 1. Refer to Fig. 1.04. On pressing the key, the current in the coil 
P flows in clockwise direction, when seen from left and the magnetic field lines so 
produced will be directed from left to right. As the current grows through the coil 
P, the magnetic flux will also grow through the coil S. The direction of flow of 
induced current in coil S should be such that it opposes the growth of magnetic 
flux through it. The growing magnetic flux will be opposed, if the induced 
current in the coil S produces magnetic field lines from right to left. Consequently, 
the induced current in the coil S should flow in anticlockwise direction, when 
seen from left. 

Experiment 2. Refer to Fig. 1.05 or 1.06. When the current carrying coil P wound 
on an iron rod, with its left end behaving as N-pole (or the bar magnet with its N- 
pole), is moved towards the coil S, the induced current produced in coil S should 
oppose the motion of coil P (or of the bar magnet). It will happen so; if the induced 
current in the coil S produces magnetic field lines from left to right 1.e. if the induced 
current flows through the coil S in clockwise direction, when seen from left. 

Similarly, when the coil P (or the bar magnet) is moved away from the coil S, 
the induced current will flow in anticlockwise direction, when seen from left. 

Experiment 3. Refer to Fig. 1.08. When the coil ABCD is pulled towards right, 
the magnetic flux linked with the coil goes on decreasing. It is because of the reason 
that the area of the coil inside the magnetic field goes on decreasing. According to 
Lenz’s law, the induced current should flow in such a direction, so that the motion 
of the coil is opposed i.e. on arm BC, force acts towards left. From Fleming’s left hand 
rule, it follows that force on arm BC will act towards left, if the induced current in 
the arm BC flows from point C to B or in the direction DCBA in the coil. 


mae 1.06. LENZ’S LAW AND PRINCIPLE OF CONSERVATION OF ENERGY 

Lenz’s law is in accordance with the principle of conservation of energy. In 
electromagnetic induction, the electrical energy (in the form of induced current or 
induced e.m.f.) is produced at the expense of mechanical energy. 


Key point 


The negative sign in ec 


accounted for by I 


*The constant of proportionality depends upon the units in which e, ¢ and f are measured. 
In c.g.s. electromagnetic system, the constant of proportionality is 1/c, where c is the speed of 
light in vacuum. In this system, e is measured in e.m.u. of e.m.f. ¢ in maxwell and ¢ in second. 


1 e.m.u. of e.m.f. = 108 V and 1 maxwell = 10-8 weber 
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alvanometer) as shown in Fig. 1.09. Suppose that a magnet with its north pole facing . 
he solenoid is moved towards the solenoid. The induced current is produced in 
he solenoid in clockwise direction, when seen from left. Due to the flow of current, 
he lamp glows and it radiates light energy. According to energy conservation 
rinciple, work equivalent to the electric energy (which makes the lamp glow) must / 
e done by the agent in pushing the magnet towards the solenoid. In fact, itis exactly _ 
o. The induced current produced in the solenoid in clockwise direction (when seen 
rom left) produces magnetic field from left towards right. When the magnet (with 
's north pole towards the solenoid) is moved towards the solenoid, it experiences 
n opposing force due to the magnetic field and hence mechanical work has to be 
lone in moving the magnet. The work done in moving the magnet against this force 
esults in the form of electric energy (or induced e.m.f.) in the circuit. Hence, Lenz’s 
aw is in accordance with the law of conservation of energy. 

It may be pointed out that when the magnet with its north pole facing the 
olenoid is moved towards the solenoid, the current cannot flow in the clockwise 
irection (when seen from right) i.e. in a direction opposite to that warranted by 
eniz’s law. It is because, if it was so, the magnetic field lines would be produced from 
ight to left and then the magnet would be attracted towards the solenoid and it 
vould gain kinetic energy. In other words, if the current were to flow in the direction 
pposite to that determined by Lenz’s law, then the lamp would radiate energy and 
t the same time, the magnet would gain kinetic energy at the expense of nothing. 
uch a situation is against the principle of conservation of energy. Hence, the induced 
urrent cannot flow in a direction other than that determined by Lenz’s law i.e. it 
ows in a direction so as to oppose the cause or the change that produced it. 


gag 1.07. EXPRESSION FOR MOTIONAL E.M-F. 


a ~ 
Consider that a uniform magnetic field B is confined to the region PQRS and 


coil ABCD is placed inside the magnetic field. The direction of the magnetic field 
; perpendicular to the plane of the coil and in inward direction [Fig. 1.10]. When 


> err : 
1e coil is moved with velocity v towards right, each electron inside the wire 
naking the coil) experiences magnetic Lorentz force 


=> > a? 
fn =-4 (0 x B), (1.08) 


ue 
There — q is the charge on an electron*. Since v and B are perpendicular to each other, 
1e inagnitude of force on an electron is equal to 

fn = Bqv 
nd it acts from top to bottom in the plane of paper. The magnetic Lorentz force ~ 
auses the electrons in the arm BC of the coil to move from its end B to C. As the 
lectrons accumulate at the end C, it will become negatively charged and the end 
will become positively charged. Due to this, an electric field is set up between the 
vo ends of wire BC ina direction from the end B to C. The electric field so produced 
xerts force on electrons in a direction from the end C to B and it opposes the 
1agnetic Lorentz force. The force on an electron due to the electric field increases, 
$ more and more electrons accumulate at the end C. A stage comes, when the 
lectrons which accumulate at the end C produce electric field just strong enough 
) that the force on an electron due to electric field becomes equal to magnetic 
orentz force on it. As the two forces are in opposite directions, they just cancel out 
nd there is no more motion of electrons. If E is strength of the electric field at that 
age, then force on electron due to electric field 


fe=qE 
In equilibrium, fo=fn or qgE=Bqv 
or s E=Buv ...(1.09) 


If e is the potential difference between the ends B and C and | is the length of 
ie arm BC, then 


aaa .(1.10) 


*Since induced e.m.f. has been denoted by e, for the sake of distinction, the charge on 
ectron has been denoted by -q in this chapter. 


or e=Blv cy Gh ey, 

It is the expression for motional e.m.f. produced in the coil ABCD due to its © 
motion inside the magnetic field. The current in the coil flows from the positive end 
B to the negative end C along the path BADC. 

Aliter. The expression for motional e.m.f. can also be obtained from Faraday’s’ PP ROTTS ALLE 
law of electromagnetic induction as explained below : 

Consider that at any time t, the part BA’ = CD’ = x (say) of the coil is inside 
the magnetic fieid [Fig. 1.11]. If] is the length of the arm BC of the coil, then area of 
the coil inside the magnetic field at any time t, 

AS= BG HCD’ = Tx 

Therefore, magnetic flux linked with the coil at time t, 

~=BAS=BIx 

Suppose that the coil is pulled out of the magnetic field with velocity v. As the’ 
coil is pulled out, the area of the coil inside the magnetic field and hence magnetic 
flux linked with the coil changes. The time rate of change of magnetic flux linked) . 
with the coil is given by 


a a 


Kx x 


i any yy mec 
dt dt dt K int 
If e is the induced e.m.f. produced, then 
dp No induced e.m.f is produced in ac 
OFa ys dt when it moves by remaining wholly 
or e=-Blv the magnetic Held. ee es 


The negative sign shows that the induced e.m.f. opposes the coil from being 
pulled out of the magnetic field. It is the same expression as obtained from the 
concept of magnetic Lorentz force experienced by the electrons. The application of 
Lenz’s law tells that as the coil is pulled out of the magnetic field, the induced current 
will flow in the coil, so as to exert force on the arm BC towards left. Fleming’s left 
hand rule tells that the current due to induced e.m.f. will flow from the end C to B 
i.e. along the path DCBA in the coil. 


ind hence no current 
M8 1.08. EDDY CURRENTS 

When magnetic flux linked with a coil changes, induced e.m.f. is produced in 
it and the induced current flows through the wire forming the coil. 

Focault found that when magnetic flux linked with a metallic conductor 
changes, induced currents are set up in the conductor in the form of closed loops. 
These currents look like ‘eddies’ or ‘whirl pools’ and likewise are known as eddy 
currents. They are also known as Focault’s currents. 

Thus, eddy currents are the currents induced in a conductor, when placed in a changing 
magnetic field. 

Following experiments explain the origin of eddy currents : 

Experiment 1. Introduce a soft iron core inside a solenoid and connect it toa 
source of alternating e.m.f. Place a metallic disc over the cross-sectional face of the 
soft iron core as shown in Fig. 1.13. As the circuit is switched on, the metallic disc 
is thrown up into the air. 

Explanation. When the circuit is switched on, the current starts growing 
through the solenoid. As the current grows, the magnetic field lines along the axis 
of the solenoid and hence the magnetic flux through the disc also increases from zero 
to some finite value. Due to this, induced currents are produced in the disc and the 
disc is converted into a small magnet. If the upper face of the soft iron core acquires 
N-polarity initially, then the lower face of the disc also acquires N-polarity in 
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accordance with Lenz’s law. Due to repulsive force between the upper face of the 
soft iron core and the lower face of the disc, the latter is thrown up. 

Experiment 2. Suspend a flat metallic plate between the two poles of an 
electromagnet [Fig. 1.14]. Initially, when the magnetic field is off, it is found that the 
metallic plate oscillates freely and its oscillatory motion can continue for a reasonably 
long time. However, when the magnetic field is switched on, the metallic plate comes 
to rest quite soon. 

Explanation. The damping effect on the oscillatory motion of the metallic plate 
can be explained by applying Lenz’s law. When metallic plate is in its equilibrium 
position, the magnetic flux linked with the plate is maximum. As the plate starts 
moving towards its extreme position, its area between the two poles goes on 
decreasing and hence the magnetic flux linked with the plate also goes on decreasing. 
It results in the production of induced currents in the plate in the form of closed loops. 
According to Lenz’s law, the induced currents oppose the plate from moving towards 
its extreme position. Similarly, when the metallic plate returns from its extreme 
position and starts entering the magnetic field, the induced currents are set up, which 
again oppose the motion of the metallic plate. In fact, the eddy currents produced 
are very large and the electric energy so produced is dissipated in the form of heat 
energy. The large value of eddy currents is due to the fact that the metallic plate has 
low resistance and even a small induced e.m.f. causes large eddy currents in it. 

It may be pointed out that the production of eddy currents in the metallic plate 
oscillating inside the magnetic field produces damping effect. It is called 
electromagnetic damping and is made use of in a number of practical situations. 

Experiment 3. Fig. 1.15 shows a metallic plate having narrow slots and 
suspended between the poles of a magnet. When such a metallic plate is made to 
oscillate, it is found that the metallic plate swings much more freely than in the case, 
when it did not have slots in it. , 

Explanation. It is because, the magnitude of eddy currents produced in this case 
is much less. The reason is that for a closed loop of same area, the electrons have to 
cover a much larger path in this case. In traversing the path of larger length, the 
electrons experience more resistance ; with the result that the eddy currents 
produced are smaller. Therefore, it can be used as one of the methods to reduce eddy 
currents. 


gus 1.09. APPLICATIONS OF EDDY CURRENTS 


Some of the important applications of eddy currents are as given below : 

1. Dead beat galvanometers. The oscillations of a moving coil galvanometer 
generally take a long time to die out. But by winding its coil on a metallic frame made 
of copper or aluminium, the galvanometer can be made dead beat. It is because, 
due to the production of eddy currents in the metallic frame, the coil of the 
galvanometer comes to rest very soon. 

It may be pointed out that the working of ballistic galvanometer requires that 
the damping should be minimum. It is achieved by winding the coil on a frame made 
of non-conducting material, such as bamboo or paper. 

2. Electromagnetic damping. The oscillations of the coil of a galvanometer can 
also be stopped by short circuiting the two ends of the coil through a tapping key. 
When the key is pressed, the coil circuit is closed and the eddy currents are produced 
due to the motion of the coil in the magnetic field of the magnet of the galvanometer. 
Due to Lenz’s law, the direction of eddy currents is such that it opposes the 
oscillations of the coil. 

3. Induction motors. A rotating magnetic field is produced by means of two 
single phase currents. A metallic rotor placed inside the rotating magnetic field starts 
rotating due to large eddy currents produced in it. These motors are commonly used 
in fans. 

4. Induction furnace. In an induction furnace, very high temperature can be 
produced by producing large eddy currents. The high frequency eddy currents are 
preferred because of the reason that the heating effect of current is proportional to 
the square of the frequency of the current. 

5. Diathermy. Eddy currents have been used for deep heat treatment called 
diathermy. 


to the main shaft of the vehicle and it rotates according to the speed of the vehicle. 
The magnet is mounted in an aluminium cylinder with the help of hair springs. When 
the magnet rotates, it produces eddy currents in the drum. Due to the effect of eddy 
currents, the drum tries to oppose the motion of the rotating magnet. In turn, the 
drum experiences a torque and gets deflected through certain angle. A pointer 
attached to the drum moves over a calibrated scale, which directly indicates the 
speed of the vehicle. 

7. Energy meters. In energy meters, the armature coil carries a metallic 
aluminium disc which rotates between the poles of a pair of permanent horse shoe 
magnets. As the armature rotates, the current induced in the disc tends to oppose 
the motion of the armature coil. Due to this braking effect, the deflection is 
proportional to the energy consumed. 

8. Electric brake. A metallic drum is coupled to the wheels of the train ; so that 
when the train runs, the drum also rotates. In order to stop the train, a strong 
magnetic field is applied to the rotating drum. The large eddy currents produced 
oppose the motion of the drum. Since the drum is connected to the wheels of the 
train, the latter comes to a halt. 

These days, electric brakes are provided in the trains in addition to usual 
vacuum brakes. 

Undesirable effects of eddy currents. Since the resistance of a metallic 
conductor is quite low, the magnitude of eddy currents produced is quite large. As 
such, considerable amount of heat is produced in the conductor due to Joule’s 
heating effect. If the large eddy currents are allowed to produce in the core of a choke 
coil, transformer, dynamo, etc, it may produce undesirable effects. 

The eddy currents produced in the core of a transformer are reduced by making 
use of a laminated core. The thick core of a transformer is formed by joining identical 
iron strips together, after insulating them from each other by coating them with 
varnish. Since the resistance of an iron strip will be much larger than the resistance 
of the thick core, only very feeble eddy currents are produced in the iron strips and 
. the transformer is saved from getting heated. 


Mae 1.10. SELF INDUCTION 

Consider a coil connected to a battery and a tapping key [Fig. 1.16]. When the 
key K is pressed, the current starts growing through the coil and as a result, the 
magnetic field lines also start growing through it. This, in turn, produces induced 
e.m.f. in the coil. The direction of the induced e.m.f. is such that it opposes the growth 
of current in the circuit. 

On the other hand, when the key is released, the current in the circuit starts 
decaying. As a result of this, the magnetic field lines linked with the coil also start 
decreasing. The e.m.f. is produced in the coil so that it opposes the decay of current 
in the circuit. Thus, during both growth and decay of current in the coil, an opposing 
induced e.m.f. is produced in the coil. 

The phenomenon, according to which an opposing induced e.m.f. is produced in a coil 
as a result of change in current or magnetic flux linked with the coil, is called self-induction. 

Since self-induction opposes both the growth (when the circuit is switched on) 
and decay (when the circuit is switched off) of the current in a coil, it is also called 
back e.m.f. 


Ma 1.11. COEFFICIENT OF SELF-INDUCTION 

Suppose that after the key is pressed [Fig. 1.16], a current I flows through the 
coil at any instant. It is found that magnetic flux¢ linked with the coil at any instant 
is directly proportional to the current passing through it at that instant i.e. 

oxi 

or b= Lil; (1512) 
where L is called coefficient of self-induction or simply self-inductance of the coil. It 
depends upon the number of turns, cross sectional area and paeicaniyagisiaa of the 
material of the core (if any), on which the coil is wound. 

If l=) then” @ =k od or L=¢6 

Thus, self-inductance of a coil is numerically equal to the magnetic flux linked with 
the coil, when a unit current flows through it. 

Ife is the induced e.m.f. produced in the coil due to its self-inductance at the 


d 
instant, when the rate of change of magnetic flux in the coil is ~ then 


Key point 


The pptis pe oh Nig of | a baie at con- 
ductor is zero. 


or ; nf wet | (1.13) 
dt 


dl i 
Here, Fi is the rate of change of current in the coil at that instant. The negative 


sn shows the opposing nature of the induced e.m_f. Considering magnitude only, 


om equation (1.13), we have 


A pee 
dt 


If —=1, then ea) aa or L=e 


Hence, self-inductance of a coil is numerically equal to the induced e.m.f. produced 
the coil, when the rate of change of current in the coil is unity. 
In SI, the unit of self-inductance is henry (H). 


Again, ‘heen (1.14) 
6 dl / dt 


If e = 1 volt and = = 1ampere second !, then 


‘ioe ‘ 1 volt 
1 ampere second — 

Thus, self-inductance of a coil is said to be one henry, if a rate of change of current of 
ampere per second induces an e.m.f. of 1 volt in it. 
wg 1.12. SELF INDUCTION — INERTIA OF ELECTRICITY 

When a source of e.m.f. tends to send current in an electric circuit having a coil, 
.e self inductance of the inductor (coil) behaves the same way as the mass of a body 
oes, when a force tends to a cause a change in its state. We know that more the 
ass of the body, more is the opposition it offers to the change in the state of the 
ody. Likewise, mass of a body gives the measure of its inertia. In the same way, 
ore the self-inductance of a coil, more is the opposition it offers to the change in 
urrent through the coil. Hence, self induction is called inertia of electricity. 
gag 1.13. SELF-INDUCTANCE OF A LONG SOLENOID 

Consider a long solenoid of length/, area of cross-section A and number of turns 
er unit length n. Suppose that a current I is passed through the solenoid. Then, 
1agnetic field inside the solenoid is given by 

B=p nl 

In case of a long solenoid (length very large as compared to its radius), the 
1agnetic field produced well within the solenoid is practically constant. Therefore, 

the magnetic flux passing through each turn of the solenoid 

= B x area of each turn =p, n1A 
total magnetic flux linked with the solenoid, 
@ = magnetic flux linked with one turn x total number of turns 
Now, total number of turns in the solenoid = 1 l 
; g=UonlAxnl 


=1 henry 


or p=MyWlAl (445) 
If L is the self-inductance of the solenoid, then 

e=Ld Ada 16) 
From equations (1.15) and (1.16), we have 

L= My mila sihd AZ) 


It gives the self-inductance of a long solenoid of length |, area of cross-section 
\ and having number of turns per unit length equal to 7. 
gg 1.14. MUTUAL INDUCTION 

Let us consider two coils P and S placed close* to each other. A battery and a 
apping key K are connected to the P-coil, while a galvanometer is connected across 
he S-coil [Fig. 1.17]. The coils P and S are respectively known as primary and 
econdary coils. 
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*If the coils are placed close to each other, then the magnetic flux linked with one coil 
sets linked with the other coil. 


As soon as the key K is pressed, growing. As t 
current grows, the magnetic flux starts building up with the coil P and due to self- 
induction, an induced e.m.f. is produced in it. The induced e.m.f. opposes the growth 
of current in the P-coil. Since the S-coil is placed close to the P-coil, the magnetic 
flux also starts building up with the S-coil and hence an induced e.m.f. is produced 
in the S-coil also. This induced e.m.f. in the S-coil also opposes the growth of current 
in the P-coil. 

Similarly, when the key is released, the induced e.m.f. is produced in the 
primary as well as the secondary coil. The sign of the induced e.m.f. produced in 
this case will be opposite to that produced when the key is pressed. 

Thus, during both growth and decay of the current in the primary coil, an 
opposing induced e.m.f. is produced in the secondary coil. 

The phenomenon according to which an opposing e.m.f. is produced in a coil as a result 
of change in current or magnetic flux linked with a neighbouring coil is called mutual 
induction. 


ig 1.15. COEFFICIENT OF MUTUAL INDUCTION 


Consider two coils P and S as shown in Fig. 1.17. Suppose that a current I is 
flowing through the P-coil at any instant. It is found that the magnetic flux ¢ linked 
with the S-coil at any instant is directly proportional to the current passing through 
P-coil at that instant Le. 

gxl 

or g=MIL BAL TS) 
where M is called coefficient of mutual induction or simply mutual inductance of 
the two coils. 

If c= 1 then g=Mx1 or M=¢ 

Thus, mutual inductance of the two coils is numerically equal to the magnetic flux 
linked with one coil, when a unit current flows through the neighbouring coil. 

If e is the induced e.m.f. produced in the S-coil due to mutual inductance at 


1 
the instant when the rate of change of magnetic flux in the coil is a , then 


or e=- 1 CL20) 


Here, < is the rate of change of current in the P-coil at that instant. The negative 


sign shows the opposing nature of the induced e.m.f. considering magnitude only 
; from equation (1.20), we have 
e=M os 
dt 
dl 


hice then e=Mx1 or M=e 


Hence, mutual inductance of two coils is numerically equal to the induced e.m.f. 
produced in one coil, when the rate of change of current is unity in the other coil. 
In SI, the unit of mutual inductance is henry (H). 
e 


~ di /dt 
If e = 1 volt and = = 1 ampere second”!, then 
1 volt 


ci Emer.” = 1) henry 
; 1 ampere second 
Thus, the mutual inductance of two coils is said to be one henry, if a rate of change of 
current of 1 ampere per second in one coil induces an e.m.f. of 1 volt in the neighbouring coil. 
gue 1.16. FACTORS AFFECTING MUTUAL INDUCTION BETWEEN TWO 
COILS 


The mutual induction between two coils depends upon the shape and size of 
the two coils, separation between them and the permeability of the material of the 
core (if any), on which the two coils are wound. Apart from these factors, the mutual 
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When two coils are inductively couplec 
in addition to induced e.m.f. produced du 
to mutual induction, induced e.m.f. 1 
produced in each of the two coils due t 
self-induction also. ae 
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uction b two coils depends upon the ner in which the two coils 
are oriented relative to each other. The manner in which the two coils are oriented 
determines the coefficient of coupling between them, which is given by 


K spe 
Lijiday 


Here, L, and L, are self-inductances of the two coils and M is mutual inductance 
between them. 

When the two coils P and S are wound on each other [Fig. 1.18], the coefficient 
of coupling is maximum and hence mutual induction between the coils is maximum. 
It, further increases, when the two coils are wound on a soft iron core. It is because, 
the magnetic permeability of soft iron is very large. For this reason, a transformer 
is wound on a core of soft iron. Mutual induction will be still greater, if the coil S is 
wound over the middle part of the coil P. 

When the two coils are placed so as to have a common axis [Fig. 1.19], the 
coefficient of coupling between the two coils is still very large but less than that for 
the arrangement shown in Fig. 1.18. Hence, mutual induction between the two coils 
is lesser, when they are placed along a common axis than when they are wound on 
each other. 

Fig. 1.20 shows the two coils placed such that their axes are perpendicular to 
each other. The coefficient of coupling is minimum in this case. Hence, mutual 
induction between two coils is minimum, when they are placed with their axes 
perpendicular to each other. 


gee 1.17. MUTUAL INDUCTANCE OF TWO LONG SOLENOIDS 


Consider two long solenoids S, and S, of same length I, such that the solenoid 
S, surrounds the solenoid S, completely as shown in Fig. 1.21. Let n, and 1, be the 
number of turns per unit length of the solenoids S, and S, respectively. Suppose that 
current I, is passed through the solenoid S,. Then, due to flow of current through 
the solenoid S,, magnetic field will be produced inside it and magnetic flux will be 
linked with coil S,. The magnetic flux (@5,) linked with the solenoid S, is directly 
proportional to the current I, passing through the solenoid 5, i.e. 

by * 1; 

ae $91 = My Ty, 
where M,,, is the coefficient of mutual induction of the two solenoids, when current 
is passed through solenoid S, and induced e.m.f. is produced in solenoid S,. 


..-(1.18) 


Now, magnetic field produced inside the solenoid S, on passing current — 


through it, | 
By =o Mb 
When current is passed through a solenoid, the magnetic field lines are confined 
to the space within the solenoid only. Therefore, when the current is passed through 
the solenoid S,, then in the annular region between the cross-sections of the two 
solenoids, the field is zero. Therefore, magnetic flux linked with each turn of the 
solenoid S, will be equal to B, times the area of cross-section of the solenoid Sj. If 
A is the area of cross-section of the solenoid S,, then 
magnetic flux linked with each turn of the solenoid S, = B, A 
Therefore, total magnetic flux linked with the solenoid S,, 
$3, = B, Ax ny l=pyon1,xAxny! 


or Go) = My 14 MATL, igtiaao) 
From equations (1.22) and (1.23), we have 


Now, let us find the mutual inductance between the two solenoids, when 
current is passed through solenoid S, and induced e.m.f. is produced in solenoid 
S,. If a current L, is passed through the solenoid S, and magnetic flux $,, is linked 
with solenoid S,, then 

2% 1, 

or 912 =My L, (1.25) 
where M,, is coefficient of mutual inductance of the two solenoids in this case. 

Now, magnetic field produced inside the solenoid S, on passing current 
through it, 

By = Hy Mo ly 
The magnetic flux linked with each turn of the solenoid S, = B, A 


(1.22), 


Key point 


a if 


The coefficient of mutual inductance 
between two coils wound over each other 
does not depend upon the area of cross- 
section of the outer coil. It does not matter, 
whether current is passed through the 
inner or outer coil. It is because, when 
current is passed through the inner coil, 
magnetic field in the annular region 
between the cross-sections of the two coils 
is zero. On the other hand, when current 
is passed through the outer coil, magnetic 


_flux is intercepted by the cross-section of 


inner coil only. 


$= By Ax n, aria cy Ae 
or $42 = Ug Ny MD AIL, 
From equations (1.25) and (1.26), we have 


Myp = Mg 1 MN Al 


From equations (1.24) and (1.27), it follows that in case of two long solenoids, 
the coefficient of mutual induction remains the same, irrespective of whether the 
current is passed through the inner solenoid or the outer solenoid. Therefore, 


Hence, coefficient of mutual induction between two long solenoids, 


M= pf) 1,1, Al 


It may be pointed out that in the above expression, A represents the area of cross- 


section of the inner solenoid. 


# Key point 


1. When two coils having self inductances 


---(1.26) L, and L, are connected in series keeping 
them far apart (so that mutual inductance 
(1.27) between themis negligible), the equivalent 


inductance of the combination is ate 
L=L,+L, 

2. When bve caik are candecies! in 

parallel, the equivalent inductance is. 
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Also refer to conceptual Problem. 1,24 
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Type A. On Faraday’s law of Electromagnetic 
induction 

Problem 1.01. The magnetic flux through a coil per- 
pendicular to its plane is varying according to the relation 
@ = (50 +41? +2t-5) weber. Calculate the induced current 
through the coil at t = 2s, if the resistance of the coil is 
5 ohm. (PS.S.C E1998 (5) 

Sol. Here, resistance of the coil, R=5 Q 

Instantaneous magnetic flux linked with the coil, 

@=6P+412+2t-5) wb 
If eis instantaneous value of induced e.m.f. produced in 
coil, then 


a (a8 snag Py 
dt 


+/+ [15 @ #) +4.) + 2 (1)-0] 
or e=(-15 2-8 t-2) volt 
Therefore, induced e.m.f. produced in the coil att = 2s, 
e=— 15 (2)?-8 (2)-2=-60-16-2==78V 
Hence, magnitude ofinduced currentin the coilatt=2s, 
To flee Bie 9 Bhi 
Reread 
Problem 1.02. A wire 40 cm long, bent into rectangular 
loop 15 cm x 5 cm, is placed perpendicular to the magnetic 
field, whose flux density is 0-08 Wb m~. Within 0-5 second, 
the loop is changed into 10 cm square and flux density © 
increases to 1-4 Wb m~. Calculate the value of induced e.m.f. 
Sol. Initial area of the loop, 
SS Mao 75 107+ m 
Initial ve density, B, = 0-8 Wb m-? 
Therefore, initial magnetic flux linked with the loop, 
¢ =B, S, = 0-8 x 75 x 104 = 60 x 10-4 Wb 
Final area of the loop, 
S, = 10 x 10 = 100 cm? = 100 x 104m 
Piel fay density, B, = 1-4 Wb m? 
Therefore, final magnetic flux linked with the loop, 
2 = By Sy = 1-4 x 100 x 10 = 140 x 10* Wb 
Change in magnetic flux, 
dp = by - , = 140 x 10-4 - 60 x 104 
= 80 x 104 Wb 
Time during which the change in magnetic flux takes 
place, 


dt=0-05s 
Therefore, induced e.m.f., 
80 x 10-4 
PE 2 MASS LNE My ey 


dt 0:5 


Problem 1.03. A 10 ohm resistance coil has 1000 turns 
and at a certain time, 5-5 x 10+ Wb of flux passes through 
it. If the flux falls to 0-5 x 104 Wb in 0-1 second ; find the 
e.m.f. generated in volt and charge flowing through the coil 
in coulomb. 

Sol. Initial magnetic flux linked with the coil, 

$, =5-5 x 104 Wb 
Final magnetic flux linked with the coil, 
$y = 0:5 x 104 Wb 
Change in magnetic flux, 
b> — $1 =0-5 x 104-55 x 104 =-5 x 104 Wb 
Number of turns in the coil, N = 1000 
Total effective change in magnetic flux, 
dp = N (gy - $;) = 1000 x (- 5 x 104) = - 0-5 Wh 

Time in which the change in magnetic flux takes place, 

dt=0-1s 

Therefore, induced e.m.f. produced, 


dt 0-1" 10 
Current through 10 ohm resistance 
a a ANE 
resistance 10 
Charge flowing through the coil in 0-1 s 
= 0-5 x 0-1 = 0-05 C 

Problem 1.04. A copper rod of length / rotates with an 
angular velocity @ in a uniform magnetic field B. Find the 
e.m.f. developed between the two ends of rod. The field is 
normal to the plane of rotation. (H.S.S.C.E. 2001) 

Sol. When the copper rod rotates inside the uniform 
magnetic field, it intercepts magnetic field over a circular area, 
whose radius is equal to length (/) of the rod. 

Therefore, area intercepted by the copper rod in one 
rotation, 


AS=ni* 
Therefore, change in magnetic flux through the copper 
rod in one rotation, 
dp =BAS=Bx xP 
Since the rod rotates with angular velocity @, time taken 
by it to complete one rotation, 
20 
at = — 


a) 
If eis the induced e.m.f. produced between the two ends 
of the rod, then 
_dp__ Bxal ¢ 
dt = 2n/a 


SOR ett) fh 


2 
Note. If vis frequency of rotation of the copper rod, then 


@ =2I0V 
if 
e=-— BI? x2znv 
or e=-BxaPexv 


Problem 1.05. A metal rod of length 1 mis rotated about 
ne of its ends in a plane at right angles to a uniform mag- 
etic field of 2-5 x 10° Wb m~. If it makes 30 rp.s., calculate 
he induced e.m.f. between its ends. (H.S.S.C.E. 2002) 

Sol. Here, B=2:5 x 10-3 Wb?,]=1 mand v=30rp.s. 

When the metal rod rotates inside the magnetic field, it 
atercepts the magnetic field over a circular area of radius 
qual to its length. Then, as obtained in solved problem 1.04, 
he induced e.m.f. produced between the two ends of the 
netal rod is given by 

e=-BxaPxy 
=—2.5 x 10°3 x wx (1)? x 30 = - 0-023 V 

Problem 1.06. When a wheel with metal spokes 1:2 m 
ong rotates in a magnetic field of flux density 5 x 107 tesla 
ormal to the plane of the wheel, an e.m.f. of 107? volt is 
nduced between the rim and the axle. Find the rate of 
otation of the wheel. 

Sol. Here, length of spoke, | = 1-2 m; 
e.m.f. induced ; e = 10-2 volt ; 
- magnetic flux density, B = 5 x 10™tesla 

Suppose that the wheel makes v rotations per second. 
Jue to rotation of the wheel inside the magnetic field, the 
netal spoke sweeps a circular area of radius equal to its 
ength. As a result of change in magnetic flux, the induced 
.m.f. is produced across the two ends of the metal spoke. As 
btained in solved problem 1.04, the induced e.m-f. produced 
cross the two ends of the spoke is given by 

e=BxaPxv 
e 10°? 


""Bxal 5x10 xn (1-2) 
= 44-2 rotations s“! 

Problem 1.07. A wheel with 10 metallic spokes each 
50 m long is rotated with the speed of 120 rp.m. ina plane 
10rmal to the earth’s magnetic field at the place. If the 
nagnitude of the field is 0-40 G, what is the induced e.m-f. 
yetween the axle and the rim of the wheel ? (Text Problem) 

Sol. Here, number of spokes = 10 ; 

length of spoke, | = 0:50 m ; B = 0-40 G = 0-40 x 19-4T 

frequency of rotation, v = 120 rp.m. = 2 rp.s. 

Due to rotation of the wheel inside the magnetic field, 
nduced e.m.f. will be produced across the two ends of each 
poke. As all the ten spokes are connected with their one end 
it the axle and the other end at the rim, the net e.m-f. 
sroduced will be the same as that produced across a single 
spoke. As obtained in solved problem 1.04, the induced e.m.f. 
sroduced across the two ends of a spoke is given by 

e=-BxaPxv 
=-0-40 x 10+ x mx (0-50) x 2 =- 6-283 x 10° V 

Problem 1.08. A circular copper disc 10 cm in radius 
‘otates at 20 mrad s~! about an axis through its centre 
and perpendicular to the disc. A uniform magnetic field 
of 0-2 T acts perpendicular to the disc. (a) Calculate the 
potential difference developed between the axis of the disc 


(in magnitude) 


he rim. (b) What is the 
resistance of the disc is 2 Q? 
Sol. Here, B = 0-2 T; 
radius of the circular disc, r= 10 cm = 0-1 m 
resistance of the disc, R= 2 Q 
angular speed of rotation of the disc, @ = 20 7 rads} 
Therefore, frequency of rotation of the disc, 
eres Hilla 
iy MeN 
(a) If e is the induced e.m.f. produced between the axis 
of the disc and its rim, then 
e=-Bxarxv 
=—0-2 x x (0-1)? x 10 =-0-0628 V 


(b) Induced current, I= a _ 00628 


duced current, if the 
(C.B.S.E. 2001) 


= 0:0314 A 


Note. The circular disc can be considered as a wheel 
having infinite number of spokes between its centre and the 
rim. As discussed in solved problem 1.07, the e.m.f. developed 
will be the same as that produced across a single spoke. 


Type B. On Motional e.m.f. 

Problem 1.09. A train is moving in the north-south 
direction with a speed of 108 km h-!. Find the amount of 
e.m.f. generated between two wheels, if the length of axle 
is 2m. Assume that the vertical component of earth’s field 
is 8-0 x 10° Wb m7”. 

Sol. Here, By = 8-0 x 10° Wb m?;/=2m 
v = 108 kmh! = 108 x (1000 m) x (60 x 60s)! 

=30ms! 
@=By 1v=8-0x10” x2x 30=48 x 10° V 

Problem 1.10. A horizontal straight wire 10 m long is 
extending along east and west and is falling with a speed 
of 5-0 m s~! at right angles to the horizontal component of 
the earth’s magnetic field of strength 0-30 x 10-4 wb m™. 
What is the instantaneous value of the e.m.f. induced in the 
wire ? 

Sol. Here, length of the wire, ! = 10m; 

1 


Now, 


velocity of the wire, v=5-0ms_ 
Horizontal component of earth’s magnetic field, 
By, = 0-30 x 104 wb m? 

Now, e = By! v=0-30x10~* x 10x5-0=15x 103 V 

Problem 1.11. A rectangular loop of sides 8 cm and 
2 cm with a small cut is moving out of a region of uniform 
magnetic field of magnitude 0-3 T directed normal to the 
loop. What is the voltage developed across the cut, if the 
velocity of the loop is 1 cm s“ in a direction normal to the 
(i) longer side, (ii) shorter side of the loop ? For how long 
does the induced voltage last in each case ? (Text Problem) 

Sol. Here, B = 0:3 T;v=1cm s !=102ms7! 

Now, e=Blv 

In the above expression, | is the length of the arm, which 
is perpendicular to the direction of motion. 

(i) Direction of motion normal to longer side : Length of 
longer side, | = 8 cm = 8 x 107m 

e=BIlv=0:3 x 10% x 8 x 107 = 0:24 x 10° V 
= 0-24 mV 

The e.m.f. will last in the loop, tilkitdges not get out of 

the magnetic field i.e. for the time the loop~takes to travel a 


distance equal to the len of the shorter arm. 
for which the e.m.f. lasts in the loop, then 
_ length of the shorter arm — 2 _ hs 
v 
(ii) Direction of motion normal to the shorter side : 
Length of the shorter side, / = 2cm =2 x 107m 


e=Blv=0-3 x 102 x 2 x 10-7 = 0-06 mV 
The time for which the e.m.f. lasts in the loop, 


length of the longer arm _ 8 ate 
v 1 
Problem 1.12. Fig. 1.22 shows a conducting rod PQ in 
contact with metal rails RP and SQ, which are 25 cm apart 
in a uniform field of flux density 0-4 T acting perpendicular 
to the plane of the paper. Ends R and S are connected 
through a 5 Q resistance. What is the e.m.f., when the rod 
moves to the right with a velocity of 5m s19 ? What is the 
magnitude and the direction of the current through the 5Q 
resistor ? If the rod PO moves towards the left with the same 
speed, what will be the new current and its direction ? 
CEBICEFI995) 


Fig. 1.22 
Sol. Here B= 0-4 T ; v=5ms! : 
1=25 cm =0-25m 
Induced e.m.f. produced, 
e=Blv=0-4x0-25x5=05V 


Current through the 5 Q resistance, 
pee see gE 
RPe55 


According to Lenz’s law, when the rod PQ moves 
towards right, the induced current should flow in a direction 
so that the rod PQ experiences force towards left. According 
to Fleming’s left hand rule, then the current through the rod 
PO will flow from the end Q to P2.e. from the end R to S 
through the resistance of 5 Q. 

If the rod PQ moves towards left with the same speed, 
the current of 0-1 A will flow through 5 © resistance from the 
end S to R. 

Problem 1.13. A jet plane is travelling west at the speed 
of 1800 km h-!. What is the voltage difference developed 
between the ends of the wing 25 m long, if the earth’s mag- 
netic field at the location has a magnitude of 5-0 x 10 T and 
the dip angle is 30° ? (Text Problem) 


Sol. Here, v = 1800 kmh! 
= 1800 x (1000 m) x (60 x 60s)"! =500 ms"! 
Earth’s magnetic field, B = 5-0 x 10+ t ; 
angle of dip, 6= 30° ; length of the wing = 25 m 
Now, By=Bsin 6=5-0 x 10+ sin 30°= 25 x 104T 


to both the wings and the direction of motion. 
Therefore, induced e.m.f. produced, 


e=Bylv=2-5 x 104 x 25 x 500 = 3-125 V 
Type C. On Self Induction 


Problem 1.14. The self-inductance of a coil having 20( 
turns is 10 millihenry. Compute the total flux linked witl 
the coil. Also determine the magnetic flux through the 
cross-section of the coil corresponding to current of ¢ 
milliampere. 

Sol. Here, self-inductance of coil, L = 10 millihenry 

=a 10x 10 henry ; 

current through the coil, I = 4 milliampere 

=4x 10° ampere 

Total magnetic flux linked with the coil, 

@=LI=10x 10° x 4 x 10° =4 x 10° webe: 

Number of turns in the coil, N = 200 

Therefore, magnetic flux through the cross-section of the 
coil (flux linked with each turn), 

@ 4x10° 


= _=2x 10-7 weber 
N 200 


Problem 1.15. Current in a 10 millihenry coil increase: 
uniformly from zero to one ampere in 0-01 second. Find the 
direction and value of self-induced e.m.f. 

Sol. Here, L = 10 millihenry = 10 x 10-3 = 102 henry 

Initial current in the coil = 0 ; 
final current in the coil = 1 ampere 

Therefore, change in current, dl = 1—0 = 1 ampere 

Time in which the current changes, dt = 0-01 second 

Now, induced e.m-f., 

adie AIOE eost 
dt 0-01 
The self-induced e.m.f. ved act so as to oppose th 


growth of current. 
Problem 1.16. A long solenoid with 15 turns per cm ha: 
a small loop of area 2-0 cm? placed inside, normal to the axi: 
of the solenoid. If the current carried by the solenoic 
changes steadily from 2 A to 4 A in 0-1s, find the inducec 
e.m.f. in the loop while the current is changing. 
(Text Problem 
Sol. The magnetic field produced inside the solenoid, 
B=p nl 
If A is the area of the loop placed inside the solenoid, ther 
magnetic flux linked with the loop, 
og=BA=p,nIA 
If e is the induced e.m.f. produced due to change it 
current through the solenoid, then 


=-1V 


dp  d 
See ee tis nal 
apt Mago Baba 

or e=- pnd © 


Here, number of turns per unit length of the solenoid, 
n= 15 turns cm“! = 1500 turns m7! 


dl 4-0 =] 
ml gh z= 2.—=——=20As 
A= 2-0 cm2 = 2.0 x 104m at 0-1 


e=-42x 107 x 1500 x 2-0 x 104 x 20 
=-7-54 x 10° V 


D. On Mutual Induction 

Problem 1.17. Calculate the mutual inductance bet- 
een two coils, when a current of 4-0 A changes to 8-0 Ain 
5 s and induces an e.m.f. of 50 mV in the secondary coil. 

(P.S.S.C.E. 1997 S) 
Sol. Here, induced e.m.f. produced, 
e=50 mV =50x 10°V 
Change in current in the primary coil, 
di =8-0-4:0=4-0A 
Time in which change in current takes place, dt = 0:5 s 
If M is the mutual inductance between the two coils, then 


ale wal! 
dt 
e ; 
or = (in magnitude) 
dl / dt a 
103 : Bs. 
_ 90x 0 _0 5x50~x 10 - 625x10°H 
4:0-0-5 4-0 


Problem 1.18. A solenoidal coil has 50 turns per cm 
along its length and a cross-sectional area of 4 cm?. 200 
‘urns of another wire is wound round the first solenoid 
coaxially. The two coils are electrically insulated from each 
other. Calculate the mutual inductance between the two 
coils. Given, , = 47 x 107 N A~. (1.S.C.E. 1998) 

Sol. Refer to Fig 1.21; 

Here, number of turns per unit length of solenoid 5,, 


n, = 50 turns cm! = 5000 turns m7! 


area of cross-section of solenoid S,, 
A=4cm2 =4 x 10+ m2 
total number of turns of solenoid 53, 
nyl= 200 
Also, -#y)=47* 10-7 NA 
Therefore, mutual inductance of two coils, 
M = py Ny Mn Al = Hy Ny (n, I) A 
=4 nx 10-7 x 5000 x 200 x 4 x 164 
= 5-027 x 104 H 
Problem 1.19. (a) A toroidal solenoid with an air core 
has an average radius of 15 cm, area of cross-section 12 cm? 
and 1200 turns. Obtain the self-inductance of the toroid. 
Ignore field variation across the cross-section of the toroid. 


Problem 1.20. An air-cored solenoid with length 30 cm, 
a) area of cross-section 25 cm? and number of turns 500 
carries a current of 2:5 A. The current is suddenly switched 
off in a brief time of 10-3 s. How much is the average back 
e.m.f. induced across the ends of the open switch in the 
circuit ? Ignore the variation in magnetic field near the ends 
of the solenoid. (Text Problem) 
Sol. Here, area of cross-section of the solenoid, 
A=25 cm? = 25 x 104 m?* 
total number of turns, N = 500 ;/=30cm x 102 m; 
Therefore, number of turns per unit length, 
N 500 
1 30x10 
Current passed through the solenoid, l= 2:5A 
Magnetic field inside the solenoid, 


z 500 
Tg ae SE 9. HSH GG X10 T 


TECHIE STUFF - CONCEPTUAL NUME 


(b) A second coil of 300 turns is wound closely on 
toroid above. If the current in the primary coil is increased 
from zero to 2-0 A in 0-05 s, obtain the induced e.im.f. in the 
second coil. (Text Problem) 
Sol. (a) Total number of turns, N = 1200 ; 
area of cross-section of the solenoid, 
A= 12 cm?=12 x 10+ mm 
and average radius of toroidal solenoid, 
r=15cm=15x 107m 
Therefore, the number of turns per unit length, 
N 1200 4000-4 
n= e = m 
2nr 2nx15x10> 7% 
Suppose that a current I is passed through the solenoid. 
Magnetic field produced along the axis of the solenoid, 
B=p,nl=42x107 x AE xT=1x 16X10 T 
Magnetic flux linked with the solenoid itself, 
¢@ =B x area of cross-section x total number of turns 
=1x 1-6 x 103 x 12 x 10+ x 1200 
=1 x 2-304 x 10-3 Wb 
@ _1x2-304x 107 3 
aE 1 = 2-304 x 10° H 
(b) Magnetic flux linked with the second coil, 
$= Bx Ax N,, 
where N, is total number of turns of the second coil. 
, @ =1x 1-6 x 10% x 12 x 10% x 300 
=5-76 x 104 x 1Wb 
Now, initial magnetic flux linked with the second coil, 
; = 5-76 x 10+ x initial current 
=5-76 x 104x0=0 
Final magnetic flux linked with the second coil, 
of =5-76 x 10 x final current 
= 5-76 x 104 x 20 = 1-152 x 10 Wb 
Therefore, total change in flux, dp = pf -—@; 
= 1-152 x10-3 - 0 = 1-152 x 10° Wb 
Time taken, dt=0-05s 
dot Pats2 x 105° 


Now, = ee -=- 0-023 V 
dt 0:05 


RICAL PROBLEMS 


Now, 
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Magnetic flux linked with the solenoid initially, 
= Bx Ax N =52:36 x 10% x 25 x 104 x 500 

= 65-45 x 104 Wb 
Magnetic flux linked with the solenoid finally, p= 0 
- dp =p — 9; = 0-65-45 x 10-4 =- 65-45 x 104 Wb 
Now, time taken, dt =10° s 
Therefore, average induced e.m.f. produced, 

4 
_ dp |» = 65-45x10 6545 V 
dt 10° j 

Problem 1.21. It is desired to measure the magnitude 
‘gh of field between the poles of a powerful lou Aspeaker 
magnet. A small flat search coil of area 2:0 cm? with 25 
closely wound turns is positioned normal to the field 
direction and then quickly snatched out of the field region. 
The total charge flown in the coil (measured by a ballistic 
galvanometer connected to the coil) is 7-5 mC. The resistance 


e= 


strength of the magnet. (Text Problem) 

Sol. Here, number of turns, N = 25; 

area of coil, A = 2-0 cm? = 2-0 x 104 m2 

charge flown in the coil, q = 7:5 mC = 7-5 x 10°C; 

resistance of coil, R = 0-50 Q 

Let B be the strength of the magnetic field. Then, 

magnetic flux linked with the search coil initially, 
?;=BA 

When the search coil is brought out of the magnetic field, 

the magnetic flux linked with the coil finally, gb, =9 


Now, e=—-N— ape 
where N is the number of turns in the coil. 
or IR atin ee 
hae 
q 

R—=-N— 
ce dt dt 
or Rdq=-N dod 
Integrating both sides, ibe have 

R Jaa =—N fap 
0 Gj 

or R@G-0)=-N@ — $i) 
or Rq=-N(-BA)=NBA 


— Rq _0-50x7-5x10° 
NA = 25x2-0x10 

Problem 1.22. Fig 1.23. shows a metal rod PQ resting 

on the rails AB and positioned between the poles of 
a permanent magnet. The rails, the rod and the magnetic 
field are in three mutually perpendicular directions. A 
galvanometer G connects the rails through a switch K. 
Length of the rod = 15 cm, B = 0-50 T, resistance of the closed 
loop containing the rod = 9-0 m Q. 


or =0-75T 


ee 1 2B 

(a) Suppose K is open and the rod moves with a speed 
of 12 cm s-1 in the direction shown. Give the polarity and 
magnitude of the induced e.m.f. 

(b) Is there an excess charge built up at the ends of the 
rods, when K is open ? What, if K is closed ? 

(c) With K open and the rod moving uniformly, there 
is no net force on the electrons in the rod PQ even though 
they do experience magnetic force due to the motion of the 
rod. Explain, why. 

(d) What is the retarding force on the rod, when K is 
closed ? 

(e) How much power is required (by an external agent) 
to keep the rod moving at the same speed (= 12 cm s~}), 
when K is closed ? How much power is required, when K 
is open ? 

(f) How much power is dissipated as heat in the closed 
circuit ? What is the source of this power ? 

(g) What is the induced e.m.f. in the moving rod, when 


n sa ey >dtoa al nas \ 

the Field i is panier ie? the rails ? (Text Problem) 
Sol:'Here, B= 0:50 T T= 15cm = 15'« 107m; 

R = 9-0 mQ = 9-0 x 10° Q 
e=Bul 
v=12cms!=12x10*% ms"! 
e=0-50 x 12 x 1077 x 15 x 107 =9 x 103 V 
If - q is charge on an electron, then the poh one in the 


(a) Now, 
Here, 


rod will experience magnetic Lorentz force —q x B) along 
PQ. Hence, the end P of the rod will become positive and the 
end Q will become negative. 

(b) On closing the switch K, electrons collect at the end 
Q. Therefore, excess charge is built up at the end Q. However, 
it does not happen, when the switch K is open. 

(c) The magnetic Lorentz force on electron is cancelled 
by the electric force acting on it due to the electric field set up 
across the two ends due to accumulation of positive and 
negative charges at the ends P and Q respectively. 


(d) Retarding force, F = BI =0-50 x . x15 x 107 


ay07) 


= BOY. =X 15x10 =7.5 x 10-N 


(e) When K is closed, power required by external agent 
against the retarding force, P = Fv 
Here, speed with which the rod is moved, 
wi=d2emer = 12 10-4ms-! 
P=75 x 10% x 12 x 107 =9 x 10% W 
(p Power dissipated as heat, 
RCP ANG 
R |) 'oxga0-° 
The source of this power is the power of external agent. 
(g) The motion of rod does not cut field lines, hence no 


-=9x10°W 


uced e.m.f. is produced 

oe Problem 1.23. A circular loop of radius 0-3 cm lies para- 

llel to a much bigger circular loop of radius 20 cm. The 
centre of the small loop is on the axis of the bigger loop. The 
distance between their centres is 15 cm [Fig. 1.24]. 

(a) What is the flux linking the bigger loop, if a current 
of 2-0 A flows through the smaller loop ? 

(b) Obtain the mutual inductance of the two loops. 

(Text Problem) 


¥ 


Coa 


Fig. 1.24 

Sol. Due to symmetry, flux linking the bigger loop due 

to current of 2-0 A flowing through smaller loop will be same 

as the flux linking the smaller loop due to current of 2:0 A 

flowing through bigger loop. 
Bigger loop 


a, =20cm=20 x 107 m 


Smaller loop 
a, = 0:3 cm = 0-3 x 10% m 


‘ 


reisem eis x 102m 
and current through the either loop, = 2:0 A 
Magnetic field at the centre of smaller loop due to 


urrent flowing through the bigger loop is given by 


_ bo 21 ay" 


B, =—e: Ee 
47 (a7 +x2)3/2 


1077 x2x2-0x (20x10 *)? 


{(20 1072)2 + (15x 10) ‘ 


61077 x 24 x 2-0x (20x 107)? 
(625 x 10-4)3/? 


» 1077 x 2a x 2-0 x (20x 107)" 
Mone fori (25x10)? 
(a) Flux linked with smaller coil, 
o = B, x A, =B, may’ 
= 3.127 x 10° x 2x (0-3 x 10%)? 
= 9.096 x 10-1! Wb 


i -11 
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Problem 1.24. (a) A circuit contains two inductors in 
series with self-inductances L, and L, and mutual 
inductance M. Obtain a formula for the equivalent 
inductance in the circuit. 

(b) Two inductors of self-inductances L, and L, are 
connected in parallel. The inductors are so far apart that 
their inutual inductance is negligible. What is the equi- 
valent inductance of the combination ? (Text Problem) 

Sol. (a) Let L, and L, be the self-inductances cf two 
inductors and M, the mutual inductance between them. 
Further, let e, and e, be induced e.m.fs. produced in two 
inductors and e be the total e.m.f. produced. Then, 


= 3-127x10.° T 


= 4.548 x10" H 


e= + 5 ei) 
dl 
If at is the rate of change of current through the two 
inductors in series, then 
dl dl dl dl 
(eee ha and en 2 — Lb — —M— 
Sh smyaitingpad Mapes y seek 0% dk dt 


If L is the self-inductance of the two inductors in series, 
then 
al 
dt 
Therefore, equation (i) becomes 


-4-(-1 fw f)+(-t2 fyi) 
dt dt dt dt dt 

or L=L,+ L, +2 M 

(b) As the two inductors are connected in parallel, 
induced e.m.f. produced across either of the inductors will 


dy 


e=—-L 


be same. If Ay and are the rates of change of current 


through the inductors L, and Ly respectively, then 


and 


para 


th 


en 


J ad 


lel, th 


Substituting for ae: and fy , we get 


dt dt 
eft] 
i lies 
1 1 
or ede Me Si or _ tyts 


Problem 1.25. Fig 1.25 shows a short solenoid of 

length 4 cm, radius 2-0 cm and number of turns 100, 

lying inside on the axis of along solenoid, 80 cm long and 
number of turns 1500. 

Whatis the flux through the long solenoid, if a current 

of 5-0 A flows through the short solenoid ? Also obtain the 

mutual inductance of the two solenoids. — (Text Problem) 


Fig. 1.25 
Sol. Long solenoid : 
Total number of turns, N, = 1500 ; 
length, 1, = 80cm = 80 x 10-2 m 
Short solenoid : 


Total number of turns, N, = 100; 

length |, =4 cm =4 x 107m; 

radius, r, = 2cm=2 x 10-7 m; 

Therefore, area of cross-section of the short solenoid, 

Ave hi hee 10-2)2 = 4 xx 104 m2 

Current through the short solenoid, I = 3-0 A 

It is difficult to calculate magnetic flux through the long 
solenoid and hence the mutual inductance of the two solenoids 
as such. It is because, the short solenoid produces a 
complicated field. In section 1.17, it was proved that 

My) = Mo, 

Also, when same current is passed through the inner 

(short) or the outer (long) solenoid, 
$21 = P12 aw! 

Therefore, we may assume that the current of 3A, which 
actually flows through the short solenoid, is flowing through 
the long solenoid. Now, the magnetic flux through the long 
solenoid and mutual induction between the two solenoids can 
be easily calculated. 

Magnetic flux linked with the short solenoid, 

p = B, x Ay x No, 
where B, is field due to the long solenoid, A, and N, are area 
of cross-section and total number of turns of the short 
solenoid respectively. 
@ =m, 1x A, x No 


1500 
80 x 10 
= 8-883 x 10-4 Wb 


p=42x10” x 


Q. 1.01. What is meant by magnetic flux ? State its SI 

(P5.5.C.E. 2000; 1999'S} 

Ans. The magnetic flux linked with a surface is defined 

as the number of magnetic field lines passing normally 
through that surface. Its SI unit is weber. 

Q. 1.02. Weber is the unit of which physical quantity ? 

(C.B.S.E. 1986) 


unit. 


Ans. It is the unit of magnetic flux. 

Q. 1.03. What are the SI units of (i) magnetic flux and 
(ii) magnetic field strength ? (C.B.S.E. 1990) 

Ans. (i) Weber (ii) Tesla. 

Q. 1.04. What is the basic cause of induced e.m.f. ? 

(PS!S@GE-2001 FEE SIS.G.E. 1997) 

Ans. Whenever magnetic flux linked with a coil changes, 
induced e.m.f. is produced. 

Q. 1.05. What factors govern the magnitude of the 
e.m.f. induced in an electric circuit ? 

Ans. The magnitude of induced e.m-f. in an electric 
circuit is directly proportional to the rate of change of 
magnetic flux linked with the circuit. 

Q. 1.06. What is the magnitude of the induced current 
in the circularloop KLMN of radiusr [Fig. 1.26], if the straight 
wire PQ carries a steady current of magntude I ampere ?. 

K (C.B.S.E. 2002) 


Pp ——____—_»—________ 9 
I 
Fig. 1.26 

Ans. No induced e.m.f. will be produced in the circular 
loop. It is because, the magnetic flux linked with the loop 
remains unchanged due to steady current through the wire PQ. 

Q. 1.07. A conducting loop is held stationary normal 
to the field between the NS poles of a fixed permanent 
magnet. By choosing a magnet sufficiently strong, can we 
hope to generate current in the loop ? (Text Question) 

Ans. No current will be induced in the loop, how so 
strong a magnet be chosen. It is because, there is no relative 
motion between the loop and the magnet. The induced 
current is produced only, if the magnetic flux linked with the 
loop changes. 

Q. 1.08. Explain, whether an induced current will be 
developed in a conductor, if it is moved in a direction 
parallel to magnetic field. (C.B.S.E. Sample Q. Paper) 

Ans. Induced current will not be developed in a 
conductor, if it is moved in a direction parallel to the magnetic 
field. It is because, in such a case, Lorentz force on free 
electrons in the conductor is zero and consequently no 
potential difference is created across the two ends of the 
conductor. 


M= I 
= 2:96 x ww? H 


With Answers/Hints 

Q. 1.09. A closed conducting loop moves normal to the 
electric field between the plates of a large capacitor. Is a 
current induced in the loop, when it is (2) wholly inside the 
capacitor, (ii) partially outside the plates of the capacitor ? 
The electric field is normal to the plane of the loop. 

(Text Question) 

Ans. The current is induced, if magnetic flux linked with 
the loop changes. No current is induced in either case, when 
the loop is wholly inside or partially inside the electric field. 

Q. 1.10. Two identical loops, one of copper and ano- 
ther of aluminium are rotated with the same speed in the 
same magnetic field. In which case, the induced (a) e.m.f. 
(b) current will be more and why ? (Text Question) 

Ans. The induced e.m.f. will be same in both but the 
induced current will be more in the copper loop as its 
resistance will be lesser as compared to that of the aluminium 
loop. 

Q. 1.11. A straight conductor 1 m long moves at right 
angles to both its length and a uniform magnetic field. If 
the speed of the conductor is 2-0 m s“! and the strength of 
the magnetic field is 104 gauss, find the value of induced 
e.m.f. in volt. (PSS. C!EN 1996) 

Ans. Here,/=1m;v=2-0m a py Bie 10* gauss = 1 tesla 

Now, e=B vl=1x2:0x1=2:0V 

Q. 1.12. A metallic wire 1m in length is moving 
normally across a field of 0-1 T with a speed of 5ms~!. Find 
the e.m.f. between the ends of the wire. 

(I.S.C.E. 1997 ; similar H.P.S.S.C.E. 1995) 

Ans. Induced e.m.f.,e=Bvl=0-1x5x1=0-5V 

Q. 1.13. A wire cuts across a flux of 0-2 x 10 weber in 
0-12 second. What is the e.m.f. induced in the wire ? 

(S.CHE 1995} 

=2 

Ans. Induced e.m.f.,e =— bai == Pier W 

dt 0-12 
=-0-0167 V 
Q. 1.14. State Lenz’s law of electromagnetic induction. 
(C.B.S.E. 2002 ; P.S.S.C.E. 2002, 2001, 2000, 1999, 1998 S ; 
FS:5.CE. 2001, 1999°5, 1995 1:5:C.6£. 1903) 

Ans. It states that the induced e.m.f. (or current) 
produced in a circuit always acts so that it opposes the change 
or the cause that produces it. 

Q. 1.15. What factors govern the direction of e.m.f. ? 

Ans. The direction of induced e.m.f. is always so that it 
opposes the change which produces it. 

Q. 1.16. The induced e.m.f. is also called back e.m.f. 
Why ? 

Ans. It is because, the induced e.m.f. opposes the applied 
voltage. ; 

Q. 1.17. When current flowing in an inductive circuit 
is switched off, will the induced current be in the direction 
of main current or in the opposite direction ? 


, the current is in 
ie daecuen of main current. 
Q. 1.18. What are eddy currents ? How are they pro- 
luced ? 5:9-C-E 0997) 
Or 
What are eddy currents ? (H_S.S.C.E. 2001) 
Ans. The eddy currents are caused in a metallic 
onductor, when the magnetic flux linked with the conductor 
hanges. 
Q. 1.19. Why the oscillations of a copper disc in a mag- 
etic field are lightly damped ? LPS SC. Eatg95) 
Ans. The eddy currents produced in the copper disc 
due to its motion in magnetic field) always oppose its 
scillatory motion and as such, the motion is damped. 
Q. 1.20. Define the SI unit of self inductance. 
(Pipw.©.be 20012000, 1998-S", FS, S.C.E. 3998'S) 
Ans. Refer to section 1.11. 
Q. 1.21. If a rate of change of current uf 4A s-linduces 
n e.in.f. of 20 mV in a solenoid, what is the self-inductance 
f the solenoid ? (C.B.S.E. 1996) 
Ans. Here, Sa4ast -e=20mV=20x103V 


L 


Now, e=L = (magnitude) 
x 
TD xT 
; eS eH 
i /dt 4 
(o=L) 


Q. 1.22. Magnetic flux of 5 microweberis linked witha 
oil, when acurrent of 1mA flows through it. Whatis the self- 
nductance of the coil ? C25. S.C Bx 999RG-B:StE. 1993) 

Ans. Here, @ = 5» Wb =5 x 10° Wb ;I=1mA=107A 

EG 

Now, L=® = ee) 5 x 103.8 
mpeg |p 

Q. 1.23. The magnetic flux threading a coil changes 
rom 12 x 10° Wb to6x 10° Wb in0-01s. Calculate the 
induced e.m.f. roe L900) 


3 ~3 
Barret ben xeplih! 6x 10 12 x 10 
dt 0-01 
6 -3 
peed Labeag 
0-01 


Q. 1.24. Explain, why the inductance coils are made of 
opper. 
Ans. The inductance coils made of copper will have 
ery small ohmic resistance. Due to change in magnetic flux, 
large induced current will be produced in such an 
aductance, which will offer appreciable opposition to the 
ow of current due to the applied e.m-f. 


Q. 1.01. What are the dimensions of magnetic flux ? 
(Peete, 1999 S) 
Ans. The magnetic flux linked with a surface, 
¢=BAcos @ 


Since F=q v,we have 


ian 
qv 


back on n itself so that the core has two sets of closely wound 
wires in series carrying current in the opposite senses. 
What do you expect about its self-inductance ? Will it be 
large or small ? (Text Question) 

Ans. The self-inductance will be small due to 
cancellation of inductive effects. It is because, currents in two 
sets of wires flow in opposite directions and produce flux in 
opposite directions. 

Q. 1.26. Coils in the resistance boxes are made from 
doubled up insulated wire. Why ? 

Ans. It is done so as to cancel the effect of self-induced 
e.m.f. in the coil. In the coil made of doubled up wire, the 
inductive effect in the two wires will be opposite to each other. 

Q. 1.27. A lamp connected in parallel with a large 
inductor glows brilliantly before going off, when the switch 
is put off. Why ? 

Ans. As the switch is put off, a large e.m.f. is set up in 
the inductor due to break in the current through the inductor. 
The large e.m.f. makes the bulb glow brilliantly. 

Q. 1.28. Why is spark produced in the switch of a fan, 
when it is switched off ? 

Mito .c.b. 1998 5, 1b 5.9.C.b. 1990) 

Ans. Due to the sudden break, a large induced e.m.f. is 
set up across the gap in the switch. Due to this, sparking takes 
place in the switch. 

Q. 1.29. If the self-inductance of an air core inductor 
increases from 0-01 mH to 10 mH on introducing an iron 
core into it, what is the relative permeability of the core 
used ? (C.B.S.E. 2002) 

10 


= —— = 1000 
0-01 


Q. 1.30. What is meant by mutual induction ? 
1s WER OF WEL EY) 

Ans. The phenomenon according to which induced 
e.m.f. is produced in a coil due to change in magnetic flux 
linked with a neighbouring coil is called mutual induction. 

Q. 1.31. Define coefficient of mutual inductance for a 
pair of coils. (-5.C,E..1998) 

Ans. Refer to section 1.15. 

Q. 1.32. What is the unit of mutual inductance ? 

(I.S.C.E. 1996) 

Ans. Henry. For definition, refer to section 1.15. 

Q. 1.33. Refer to Figs. 1.18, 1.19 and 1.20. In which case 
will the mutual inductance of two coils be maximum, if the 
number of turns remains the same in each case ? 

Ses 14995) 

Ans. In the arrangement shown in Fig. 1.18, the mutual 
inductance of the two coils will be maximum. 


Ans. Relative permeability, , 


For details, refer to section 1.14. 


With idhcaiatane 


[MLT~2]x[L7] 


[A TI{LT'] 
(.. charge = current x time) 
Q. 1.02. State Faraday’s laws of electromagnetic induc- 
(PS.S.C.E. 2002,.1999 S.; H.S.S.C.E. 2001, 1998 S-.; 
£5-C. E1995) 


[p]= =(M12 T2 A+] 


tion. 


Ans. Refer to section 1.04. 


with the law of conservation of energy. 
(H.R S.S, C.F. 2002) .02B.5.E5 1997) 
Or 
Briefly explain, how Lenz’s law supports the law of 
conservation of energy. (GiB. S.E. 1999) 
Or 
State Lenz’s law. Does it violate law of conservation of 
energy ? (P.5,S.C. Es 1993) 
Ans. Refer to sections 1.05 and 1.06. 
Q. 1.04. Show that Lenz’s law is a direct consequence 
of the law of conservation of energy. (H.P.S.S.C.E. 1996) 
Or 
Show that Lenz’s law obeys the law of conservation of 
energy. kPS.5,C,E..1998,5 ;C.BiSE. 4996) 
Or 
Briefly explain, how Lenz’s law supports the law of 
conservation of energy. (C,B.5E.,1999 S) 
Ans. Refer to section 1.06. 


Q. 1.05. The electric current in a wire in the direction 


from B to A is decreasing. What is the direction of induced 
current in the metallic loop kept above the wire as shown 
in Fig. 1.27 ? (GiB E01 99 Fi ghd 1809) 


ASTIN a eee et ee ee 
Fig. 1.27 

Ans. When the increasing current flows through the wire 
in the direction from point B to A, the increasing magnetic 
field is produced ; which is directed perpendicular to the 
plane of the loop (or the plane of paper) and in inward 
direction. Due to this, induced e.m.f. is produced in the loop 
which opposes the magnetic field produced due to the current 
flowing through the wire i.e. induced current in the loop 
should flow in a direction so that it produces magnetic field 
perpendicular to the plane of the loop and in outward 
direction. Maxwell's cork screw rule tells that induced current 
in the loop will flow in anticlockwise direction. 

Q. 1.06. A magnet is moved in the direction indicated 
by an arrow between two coils AB and CD as shown in Fig. 
1.28. Suggest the direction of current in each coil. 

(C.B.S.E. 2001 S) 


A B Bre yi D D 
0000 0) S35 700000 
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Ans. For coil AB. N-pole of the magnet is moving away 
from the coil AB, the end A of the coil will behave as S-pole 
so as to oppose from motion of the magnet. Therefore, looking 
from the end A, the current in the coil AB will be in 
anticlockwise direction. 

For coil CD. In this case, the end C of the coil CD should 
behave as S-pole so as to repel the approaching magnet. 
Looking from the end D, the direction of current in coil CD 
will be anticlockwise. 

Q. 1.07. A cylindrical bar magnet is kept along the axis 
of a circular coil and near it as shown in Fig. 1.29. Will there 


magnetis rotated (a) a 


e coil, e 
b) about an axis: 
perpendicular to the length of the magnet ? 

COIL co | (C-B.S-E.2001,5) 


Fig. 1.29 (a) Fig. 1.29 (b) 

Ans. Fig. 1.29. (a). When the magnet is rotated about its 
own axis, there is no change in the magnetic flux liked with 
the coil. Hence, no induced e.m.f. is produced in the coil. 

Fig. 1.29. (b). When the magnet is rotated about an axis 
perpendicular to its length, the orientation of the magnetic 
field due to the magnet will change continuously. Due to this, 
the magnetic flux linked with the coil will also change conti- 
nuously and it will result in the production of induced e.m.f. 
in the coil. 

Q. 1.08. Figs. 1.30 (a) and (b) below show planar loops 
of different shapes moving out or into a region of magnetic 
field, which is directed normal to the plane of the loop and 
away from the reade1. Determine the direction of induced 
current. (Text Question) 
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Fig. 1.30 (a) Fig. 1.30 (b) 

Ans. In Fig. 1.30 (a) : As the planar loop moves towards 
right, the magnetic flux linked with the loop decreases. The 
induced current will flow in a direction, so that the magnetic 
flux tends to increase through the loop i.e. the loop tends to 
move back into the magnetic field. For this, current in the arm 
AB (inside the magnetic field) should flow in sucha direction 
so that the force on it acts towards left. It will happen so, if the 
induced current flows through the loop in the direction CBAC. 

In Fig. 1.30 (b) : The application of Lenz’s law tells that 
current in the part ABC (inside the magnetic field) should 
flow in such a direction that force on this part acts 
downwards. It will happen so, if the current through the part 
ABC flows along CBA i.e. the current through the loop flows 
in the direction CBADC. 

Q. 1.09. Figs. 1.31 (a) and (b) below show planar loops 
of different shapes moving out of orinto a region of magnetic 


Fig. 1.31 (a) 


Fig. 1.31 (0) 


y foie he 
trent in each loop using Lenz’s law. (Text Question) 

Ans. In Fig. 1.31 (a) : Due to motion of loop ABCD in the 
ection shown, the flux linked with the loop increases. 
cording to Lenz’s law, force on the arm BC (inside the 
gnetic field) should act opposite to its direction of motion. 
r this, current should flow Hoven the loop in the direction 
DAB. 

In Fig. 1.31 (b) : According to Lenz’s law, the direction 
current in the part ABC (inside the magnetic field) should 
along ABC, so that it experiences force in a direction 
posite to the direction, in which it is moved. Hence, the 
ection of the current through the loop should be along 
ICDA. 

Q. 1.10. An irregular shaped wire PORS (as shown in 
. 1.32) placed ina uniform magnetic field perpendicular 
the plane of the paper changes into a circular shape. 
ow with reason the direction of the induced current in 
* loop. (C.B.S.E. 1998 S) 


Fig. 1.32 

Ans. When an irregular shaped wire PQRS changes to 
cular loop, the magnetic flux linked with the wire increases 
e to increase in area of the loop. The induced e.m.f. will 
ise current to flow in the direction, so that the wire is pulled 
yard from all sides. According to Fleming's left hand rule, 
‘ce on wire PORS will act inward from all sides, if the 
rrent flows in the direction PSRQ. 

Note. When the wire loop changes to a circular loop, its 
a increases. It is because, for a given perimeter, of all the 
ometrical shapes, a circle has the maximum area. 

Q.1.11. Use Lenz’s law to determine the direction 


induced current in the situations described by the 


¥s. 1.33 (a) and (b) given below : 

In Fig. 1.33 (a) a wire of irregular shape turning into a 
cular shape and in Fig. 1.33 (b), a circular loop being 
formed into a narrow straight wire. The cross ( x ) indi- 
es magnetic field into the paper, and the dot (.) indicates 
ignetic field out of the paper. (Text Question) 
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Fig. 1.33 (a) 


Fig. 1.33 (b) 
Ans. In Fig. 1.33 (a) : When a wire of irregular shape 


eereaa) i b nto i ‘| Op, y 
Toon increases Huet to increase in area (The circular loop has 


greater area than the loop of irregular shape). The induced 
e.m.f. will cause current to flow in such a direction, so that 
the wire forming the loop is pulled inward from all sides. It 
requires that current should flow in the direction ADCBA. 

In Fig. 1.33 (b) : By appling Lenz’s law, it follows that the 
current will flow in the direction ADCBA. 

Q. 1.12. The closed loop PORS is moving into a 
uniform magnetic field acting at right angles to the plane 
of the paper as shown in Fig. 1.34. State the direction in 
which the induced current flows in the loop. (C.B.S.E. 2002) 


Fig. 1.34 

Ans. As the closed loop PORS moves into the uniform 
magnetic field, magnetic flux linked with the loop will 
increase. According to Lenz’s law, induced e.m.f. produced 
in the loop should act so that the coil is opposed from moving 
into the magnetic field. For this to occur, force on the arm PS 
of the coil should act towards left. It requires that curernt 
through the arm PS should be from the end P to Sie. current 
in the coil should be in the direction of SROP. 

Q. 1.13. Twelve wires of equal lengths are connected 
in the form of a skeleton-cube which is moving with a 


od 
velocity y in the direction of a magnetic field B [Fig. 1.35]. 


Find the e.m.f. in each arm of the cube. 
(C.B.S.E. 2001 S) 


Fig. 1.35 
Ans. Force ona charged particle moving inside magnetic 
field is given by 


beg 

Since v and B are parallel, the force on electrons in any 
arm of the skeleton cube will be zero. As such, there cannot 
be drift of electrons in any arm from its one end to the other. 
Hence, no induced e.m.f. will be produced in any arm of the 
skeleton-cube. 

Q. 1.14. A copper ring is held horizontally and a bar 
magnet is dropped through the ring with its length along 
the axis of the ring [Fig. 1.36]. Will the acceleration of the 
falling magnet be equal to, greater than or less than that due 
to gravity ? (RSVS:C.E51995) 


Or 
Why does acceleration of a magnet falling through a 
long solenoid decrease ? (C.B.S.E. 1999) 


Coes 


Fig. 1.36 

Ans. When the magnet falls, the magnetic flux through 
the copper ring increases and it results in induced e.m.f. in 
the ring. The induced e.m.f. so produced, opposes the falling 
magnet. Therefore, the acceleration of the falling magnet will 
be less than that due to gravity. 

Q. 1.15. An induced current has no direction of its own. 
Explain, why. (P-S.9:C -E, 20017 .H.5.5.C.6, 1999) 

Ans. The induced current always flows in a direction so 
that it opposes the cause or the change which produces it. For 
example, as shown in Fig. 1.36, when the magnet is dropped 
through the copper ring, the induced current flows in the ring 
in clockwise direction (when seen from above), till the magnet 
does not come out of the ring from the other side. But as soon 
as the magnet leaves the ring, the direction of the current will 
become anticlockwise in accordance with Lenz’s law. It shows 
that an induced current has no direction of its own. 

Q. 1.16. A magnetic field of flux density 10 T acts 
normal to a coil of 50 turns having 100 cm? area. Find e.m.f. 
induced, if the coil is removed from the magnetic field of 
0-1 s. (ERS 'SIC:EN 1997) 

Ans. Here, n = 50; A= 100 cm? = 10 m2 

B=10T and dt=0-1s 

Magnetic flux linked with the coil initially, 

¢, =n BA=50 x 10 x 10% =5 Wb 

Magnetic flux linked with the coil finally i.e. on being 
removed from the magnetic field, go, =9 

Change in magnetic flux through the coil, 

dp = 6, -9, =0-5=-5 Wb 


—5 
Induced e.m.f., e =— Ls Ae =50 V 
dt 0-9 


Q. 1.17. How are eddy currents produced ? Give two 
applications of eddy currents. 
(P.S.5.C.Ex 2000) 1999 S 7C.B.S.E..1993, 1992) 
Or 
What are eddy currents ? Name any two of its appli- 
cations. (H.PS.S.C.E. 1997, 1995) 
Ans. Eddy currents are produced ina metallic conductor, 
when magnetic flux linked with the conductor changes. 
Applications : 1. In energy meters 2. In dead beat 
galvanometers. 
Q. 1.18. How can eddy currents be reduced ? 
(H.S.S.CES1997S) 
Ans. Refer to section 1.09. 
Q. 1.19. Why is the coil of a dead beat galvanometer 
wound on a metal frame ? (C.B.S.E. 1991) 
Ans. On switching off the current in a galvanometer, the 
coil of the galvanometer does not come to rest immediately. 
It oscillates about its equilibrium position. But the coil of a 


dead beat galvanom: omes to 

to the reason that the eddy currents are setup in the metalli 
frame, over which the coil is wound and the eddy current 
oppose the oscillatory motion of the coil. 

Q. 1.20. Why are the to and fro oscillations completel: 
absent in better designed galvanometer ? 

Ans. Refer to section 1.09. 

Q. 1.21. An iron bar falling vertically through th 
hollow region of a thick cylindrical shell made of coppe 
experiences a retarding force. What can you conclud 
about the iron bar ? (Text Question 

Ans. The iron bar must be a magnet. When the ba 
magnet falls through the copper shell, it produces a chang 
in magnetic flux through it. Due to this, eddy currents ar 
produced in the shell. The eddy currents so produced oppos 
the fall of the magnet (Lenz’s law) and hence bar magne 
experiences retarding force. 

Q. 1.22. A coil A is connected to a volmeter V and th 
other coil B to an alternating current source [Fig. 1.37]. If. 
large copper sheet C is placed between the two coils, hov 
does the induced e.m.f. in the coil A change due to curren 
in coil B ? ‘(C.B.S.E:-2001 S 
A ae diet ye 
00000 V000U 


V) ~) 
Fig. 1.37 

Ans. In the absence of copper sheet, induced e.m-f. wil 
be produced in the coil A due to mutual induction betwee: 
coils A and B. As a result, voltmeter will show deflectio: 
depending on the magnitude of induced e.m-f. 

When the copper sheet is placed between the two coil: 
eddy currents will be set up in the coil. Since the eddy current 
have opposing effect, the magnetic flux linked with the coi 
A due to eddy currents will always be opposite to that du 
to alternating current through the coil B. Hence, induce: 
e.m.f. will get reduced. 

Q. 1.23. Define the term ‘self-induction’. Write its S 
unit. Write two factors on which the self-inductance of a coi 
depends. (C.B.S,E.1999,:1995, 1993 ;1S SOc 1995 

Ans. For definition of self-induction, refer to section 1.1( 
Its SI unit is henry. 

The self-inductance of a coil depends upon its area o 
cross-section, the number of turns and the permeability of th 
material of the core. 

Q. 1.24. How does the self inductance of a coil change 
when: (i) the number of turns in the coil is decreased (ii) a1 
iron rod is introduced into it? Justify you answerin each case 

(CBS.EY199E 

Ans. Self inductance of a coil, L = yj n7 1A 

(i) When the number of turns is decreased, the se! 
inductance will decrease. It is because, 

L « n? 

(ii) On introducing the iron rod into the coil, the sel 

inductance will become 

L’=yoh, m7 1A, 
where 4, is the relative premeability of iron. Since, p> 1, sel 
induction will increase. 


ngth I having N turns. 

Ans. For definition of self-inductance, refer to section 
ld. 

Self-inductance of a long solenoid, L = fg n21A, 
here the letters have their usual meanings. 

Q. 1.26. Self-induction is called the inertia of electricity. 
xplain, why. (P.S.S.C.E. 2001) 

Ans. Self-induction of a coil is its property by virtue of 
rhich the coil opposes any change in the current flowing 
rough it. It is because, the induced e.m.f. produced opposes 
1e change in current. For this reason, self-induction is called 
1ertia of electricity. 

Q. 1.27. Define the term mutual inductance. Write its 
L units. Give two factors on which the coefficient of mutual 
nductance between a pair of coil depends. 

(C.B.S.E, 1999,,1995) 

Ans. For definition of mutual inductance, refer to section 
15. The SI unit of mutual inductance is henry. 

The mutual inductance between two coils depends upon 
he number of turns of the two coils, their relative orientations 
nd the permeability of the material of the core. 

Q. 1.28. How does the mutual inductance of a pair of 
oils change, when (i) the distance between the coils is in- 
reased ? (ii) the number of turns in each coil is decreased 
Justify your answer in each case. (C.B.S.E,. 1998) 

Ans. (i) On increasing distance between the coil, the 
nagnetic flux linked with secondary coil due to current 
lowing through primary coil will decrease. Hence, mutual 
nductance of the two coils will decrease. 


Q. 1.01. Two circular conductors are perpendicular to 
‘Bes other as shown in Fig. 1.38. Will a current be 
‘nduced in the conductor A, if the current is changed in the 
conductor B ? 

Ans. When the current passes through the circular con- 
ductor B, the magnetic field produced is parallel to the plane 
of the circular conductor A. As such, the magnetic flux linked 
with circular conductor A due to the magnetic field produced 
due to the flow of current through conductor B is zero. 

When the current through conductor B is changed, the 
magnetic flux linked with conductor will remain zero. Hence, 


— 


Fig. 1.38 
no current will be induced in conductor A, when current 
through conductor B is changed. 
Q. 1.02. A rectangular loop and a circular loop are 
BP roving out of a uniform magnetic field region to a 
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(ii) Mutual inductance of two coils, M = fy 14 Ny A l 

Obviously, the mutual inductance of the two coils will 
decrease on decreasing the number of turns in each coil. 

Q. 1.29. Making or breaking of current in a coil 
produces a momentary current in the neighbouring coil of 
another circuit. Why ? 

Ans. Before making current in a coil, the current is zero 
and before breaking, the current is maximum. In other words, 
it is constant in both the cases. Obviously, on making or 
breaking the current in a circuit, the current starts changing. 
The changing current produces changing magnetic field, 
which in turn produces induced current in the neighbouring 
circuit. 

Q. 1.30. Define self-inductance and mutual 
inductance. State their units in SI. 

(H.S.S.C.E. 1994, 1992 ; H.PS.S.C.E. 1993 ; C.B.S.E. 1991) 

Ans. For definition of self-inductance and mutual 
inductance, refer to sections 1.11 and 1.15. 

The SI unit of both self-inductance and mutual 
inductance is henry. 

Q. 1.31. Distinguish between self induction and 
mutual induction. (C.B.S.E. 1997) 

Ans. Refer to sections 1.10 and 1.14. 

Q. 1.32. What is non-inductive wiring of coils ? 

Ans. To make non-inductive coils, they are made of 
doubled up insulated wires. In such a coil, the direction of the 
current in the two wires will be opposite to each other. Due 
to this, the two wires will produce equal and opposite 
magnetic fields. Therefore, the net magnetic field linked with 
the coil is always zero and hence no inductive effect takes 
place. 


field free region with a constant velocity. In which loop do 
you except the induced e.m.f. to be constant during the 
passage out of the field region ? The field is normal to the 
loops. (Text Question) 
Ans. Incase of a rectangular loop, induced e.m-f. will be 
constant. It is because, when such a loop is moved, the rate of 
change of its area is uniform. But when a circular loop is 
moved out of the magnetic field, its rate of change of area is 
not constant and hence the induced e.m.f. produced will not 
be constant. 
Q. 1.03. A thin semicircular conducting ring of radius 
R is falling with its plane vertical ina horizontal mag- 


pa! 
netic induction B [Fig. 1.39]. At the position MNQ, the speed 


of the ring is v . Whatis the potential difference developed 


across the ring at the position MNQ ? 
(LLT. 1996) 


Fig. 1.39 


the semi 
an infinitesimally small distance dx fons its initial Baton 
MNQ to M'Q'N’ in time dt [Fig. 1.40]. Then, 
decrease in area of the ring inside the magnetic field, 
dA =—-MQQ'M’ =-M'Q’ x QQ’ =-2Rdx 


N 


Fig. 1.40 
Therefore, change in magnetic flux linked with the ring, 
dé =BxdA=Bx(—-2Rdx)=-2BRdx 
The potential difference developed across the ring, 


c= @._{-2pR2\-2BR» 
dt dt 


Here, v= a is the speed with which the ring is falling. 


Q. 1.04. An aircraft flies along the meridian. Will the 

potentials of the ends of its wings be the same ? Will 
the potential difference change, if the aircraft flies in any 
other direction with the same velocity ? 

Ans. As the aircraft flies, magnetic flux changes through 
its wings due to the vertical component of the earth’s 
magnetic field. Due to this, induced e.m.f. is produced across 
the wings of the aircraft. Therefore, the wings of the aircraft 
will not be at the same potential. 

If the aircraft flies in any other direction, the value of the 
potential difference (induced e.m.f.) will not change. It is 
because, the value of potential difference depends only on the 
vertical component of the earth’s magnetic field and the 
velocity of the aircraft. 

Q. 1.05. (a) Will the earth’s magnetic field induce 
current in an artificial satellite with a metal surface 
that is in orbit around the equator ? Around the poles ? 

(a) If so how would these currents affect the motion of 
the satellite ? i 

Ans. (a) There will be no induced currents in the metal 
of the satellite, which is orbiting in equitorial plane. It is 
because, the magnetic flux does not change through the metal 
of the satellite in such a orbit. In other orbits (including orbit 
around the poles), the value of the magnetic field will change 
both in magnitude and direction. Due to this, the magnetic 
flux through the satellite will change and hence induced 
currents will be produced in the metal of the satellite. 

(b) The induced currents in the metal of the satellite will 
produce magnetic field and therefore the satellite will itself 
act like a magnet. It will experience a small magnetic 
interaction with the earth so that the force on the satellite will 
not be purely gravitational. Therefore, there will be deflection 
from the gravitational path, the satellite would take if it moved 
in the gravitatonal field alone. Part of the effect of interaction 
would cause the satellite to lose energy, dissipated in the form 
of heat. Paradoxially, if it loses energy, it will speed up. 

Q. 1.06. A copper coil L wound on a soft iron core and 
a 15 W-110 V lamp are connected to a 30 V battery 


is ot the writs pe rth But when i ag a 


suddenly opened, the lamp flashes for an instant to muc 
greater brightness. Explain, why. 


Ans. On closing the key, the lamp glows dimly, becaus 
across a 110 V-lamp, the voltage applied is only 30 V. Whi 
the key is closed, some current also flows through the coil | 
As the resistance of copper coil is very low, the current in th 
coil is much greater than the current through the lamp. 

When the key is opened, the current through the lam 
stops and the current circulating through the coil L tends 1 
decrease. But this tendency is opposed by the induced e.m. 
produced in the coil due to self induction. As the induce 
e.m.f. opposes the change, it tends to maintain the curre1 
and makes it to flow through the lamp. This current can b 
significantly larger than would be produced in the lamp b 
the 30 V battery ; in fact it might be much larger tha 
would be produced by a 110 V battery. The large currer 
(driven by the induced e.m.f.) causes the lamp to flash brigl 
and may even burn it out. 

Q. 1.07. A small square loop of wire of side / is place 
inside a large square loop of wire of side L(L>>1 
The loops are coplanar and their centres coincide [Fig. 1.42 
Find the mutual inductance of the system. (LLT. 1998 


Fig. 1.42 
Sol. Suppose that a current I passes through the squa1 
loop of side L [Fig. 1.43]. 


B=4xB’, 
where B’ is magnetic field at the centre of loop due to one side 
of the square loop. 


Now, B=L0-4 (sing; + sin y) 
4m a 


L 
Here, eae yc = > = 45° 
pao! (gin 45° + sin 45°) 
4n L/2 


- (5+) Ho 

aida \w Quad) Al2aL 

Hence, B=4*x Ho _ 202 My | 
V2 aL 


mL 
Magnetic flux linked with the small square loop, 


p=Bx! AI: ba (1) 


If M is coefficient of mutual induction between the two 
loops, then 
g=MI - ..-{i1) 
From equations (i) and (ii), we have 
M= 2 V2 Ho 
mL 
Q. 1.08. A small resistor (say, a lamp) is usually put in 
parallel to the current carrying coil of an electromag- 
net [Fig. 1.44]. What purpose does it serve ? 
(Text Question ; Pre-degree Kerala, 1991) 


1. Explain the concept of magnetic flux linked with a surface. 
Give its units and obtain its dimensional formula. 

2. State and explain Faraday’s laws of electromagnetic 

induction. (H.P.S.S.C.E. 2000, 1999 ; H.S.S.C.E. 1996) 

3. State Faraday’s laws of electromagnetic induction and 

Lenz’s law. (H.S.S.C.E. 2002) 

4. State Lenz’s law of electromagnetic induction and show 

that it is in accordance with law of conservation of energy. 

(H.S.S.C.E. 1998) 

5. State Lenz’s law. Prove that the charge induced is inde- 

pendent of time. eee, 1999) 

6. Astraight conducting rod of length / is moved with a 

velocity v in a transverse magnetic field. Deduce the 

magnitude and direction of induced e.m-f. developed. If the 

ends of the rod are joined with a wire, indicate the direction 


switched off, the induce 


f an electromagnet is _ 
de.m.f. produced at break is very large 
(particularly in large electromagnets). Due to this, spark is 
produced at the open switch. However, if a lamp (ora resistor) 
is connected across the coil of the magnet, the induced e.m-f. 
sends current through it and sparks are avoided. 
S Q. 1.09. A rectangular wire frame ABCD rotates with 
a constant velocity around one of its sides parallel to 
a nearby current carrying straight conductor [Fig. 1.45]. 
Indicate the positions, in which the minimum and 
maximum e.m.f.s will be induced in the frame. 


An 


= - 


Fig. 1.45 

Ans. The lines of force of the magnetic field produced by 
the current carrying straight conductor are circular in shape 
and have their centres on the straight conductor. 

When the frame lies in the plane passing through the 
straight conductor, the magnetic field lines pass normally 
through it. When the magnetic field lines pass normally 
through the plane of the rotating rectangular frame ABCD, the 
magnetic flux linked with the frame is maximum but the rate 
of change of magnetic flux is minimum and likewise induced 
e.m.f. produced is also minimum. Hence, the induced e.m-f. 
produced is minimum, when the frame lies in the plane 
passing through the straight conductor. 

On the other hand, when the frame is perpendicular to 
the plane passing through the straight conductor, the magnetic 
flux linked with the frame is minimum ; the rate of change of 
magnetic flux is maximum and likewise induced e.m.f. 
produced is also maximum. 


Carrying 3 Marks 


of flow of induced current. 

7. By calculating magnetic Lorentz force on a conductor 
moved ina transverse magnetic field, deduce Faraday flux 
law 


8. Derive an expression for the induced e.m.f. produced by 
changing the area of a rectangular coil placed perpendi- 
cular to a uniform magnetic field. (C.B.S.E. 1992) 
A rectangular coil of N turns and area of cross-section A 
is held in a time-varying field given by B = By sin at, with 
the plane of the coil normal to the magnetic field. Deduce 
an expression for the e.m.f. induced in the coil. 

(C.B.S.E. 2000) 


What are eddy currents 
origin. 
What are eddy currents ? Discuss the effects of eddy 
currents in electrical appliances, where iron is used. 
What are eddy currents and electromagnetic damping ? 
How are these used in a speedometer, an electric brake and 
a dead beat galvanometer ? (P.S.S.C.E. 1999, 1996) 
What are eddy currents ? How they can be minimised ? 
(ELSIS'G:E22002,)1997)BS:G:3CES2001>») 
What are eddy currents ? Give their merits and demeriis. 
(H.S.S.C.E. 1999 S) 
Explain, what do you mean by ‘self-induction’ and ‘self- 
inductance’ of a coil. Define S.I. unit of self-inductance. 
Explain self induction of a coil and give its unit. 
(H.S.S.C.E. 2002) 
Explain the phenomenon of self induction. Define 


Buplain Pavia s and Lenz’s law of electromagnetic 
induction by describing suitable experiments. 
(BS.S:C.E. 19987 1997'S) 
State Faraday’s laws of electromagnetic induction and 
explain three methods of producing induced e.m_f. 
(PS.S.C.E. 2002, 2000, 1997 ; H.S.S.C.E. 1996) 


What is meant by self-induction and coefficient of self- 
induction ? Explain. Derive an expression for the 
coefficient of self-induction for a long air-cored solenoid. 

(P.S.S.C.E. 2001) 


Tre A. On Faraday law of Electromagnetic Induction 


The magnetic flux through a coil perpendicular to its plane 
is varying according to the relation 
¢=(4P +5 t%+8t+5) weber 
Calculate the induced current through the coil at t = 2 s, if 
the resistance of the coil is 3-1 ohm. 
(P.S.S.C.E. 1999) [Ans. 24-5 A] 
A small piece of metal wire is dragged across the gap 
between the pole pieces of a magnet in 0-5 s. The magnetic 
flux between the pole pieces is known to be 8 x 10+ Wb. 
Estimate the e.m.f. induced in the wire. (ext Problem) 
[Ans. Mi 6x 103V] 
A magnetic field of flux density 1-0 Wb m~ acts normal 
to a 80 turn coil of 0-01 m? area. Find the e.m.f. induced in 
it, if this coil is removed from the field in 0-1 second. 
(H.S.S.C.E. 2002) [Ans. 8 V] 
A magnetic field of flux density 10 T acts normal to a coil 
of 50 turns having 100 cm? area. Find e.m.f. induced, if the 
coil is removed form magnetic field in 0-1 s. 
(H.S.S.C.E. 1998) [Ans. 50 V] 
Find the magnitude of e.m.f. induced in a 200 turn coil with 
cross-sectional area of 0-16 m2, if the magnetic field through 
the coil changes from 0-10 Wb m~ to 0:30 Wb m~ at a 
uniform rate over a period of 0-05. _ (H.$.S.C.E. 2002) 
. [Ans. 128 V] 
Find the e.m.f. induced in a coil of 200 turns and cross- 
sectional area 0 2. mn?, when a magnetic field Spain 
cular to the plane of the coil changes from 0-1 Wb m~? 
to 0-5 Wb m2 a uniform rate over a period of 0-05 s. 
(P.S.S.C.E. 1992) [Ans. 320 V] 
A wire 88 cm long bent into a circular loop is placed 
perpendicular to the magnetic field of flux density 


{ 


18. 


19. 


20. 


21. 


pak 


10. 


11. 


12. 


(HSS.CE. 1994 ; C BS.E. 1990) 
Define an expression for the self-inductance of a long — 


solenoid. (C.B:5S.E, 2001; H7-S'S.C_E/ 2001) 
Calculate the coefficient of self-induction for a long air 
cored solenoid. (P.5.S.C,E. 1999 S) 
Explain the phenomenon of mutual induction. Define 

coefficient of mutual induction. Give its S.I. units. 
(ESS .G@E-1993'; C.BiSiE: 1990) 

Explain mutual inductance and define its SI unit. 
(H.S.S.C.E. 2002) 
Define coefficient of mutual inductance of two coils. A 
secondary coil of n, turns is wound on a long solenoid of 
area of cross-section A, having a primary coil of n, turns 
per unit length. What is the mutual inductance of the two 
coils ? (EiB39.E. 1990) 


: UENTLY ASKED LONG ANSWER QUESTIONS —| 


Carrying 5 Marks 


Explain the phenomer.on of mutual induction. Define 
coefficient of mutual induction and state its unit. Also 
derive an expression for coefficient of mutual induction 
between two long solenoids. (P.S.S.C.E. 2002, 2000) 
Explain what is meant by mutual induction and mutual 
inductance. Give the practical unit of mutual inductance. 
How it can be defined in terms of induced e.m.f. and rate 
of growth of current ? Derive expression for mutual 
inductance between two solenoids. 


D NUMERICAL PROBLEMS 


For Practice 


2-5 Wb m~. Within 0-5 s, the loop is changed into a 
square of each side 22 cm and flux density is increased 
to 3-0 Wb m~. Calculate the value of e.m.f. induced. 
(H.P.S.S.C.E. 1990) [Ans. 0-018 V] 
Asquare copper coil of each side 8 cm consists of 100 turns. 
The coil is initially in vertical plane, such that the plane 
of coil is normal to uniform magnetic field of induction 
0-4 weber m~. The coil is turned through 180° about a 
horizontal axis in 0-2 s. Find the induced e.m-f. 
(P.S.S.C.E. 1999 S) [Ans. 2-56 volt] 
A conducting rod 1 m in length moves with a frequency 
of 50 r.p.s. with one end at the centre and the other end at 
the circumference of a circular metallic ring of radius 1 m 
about an axis passing through the centre of the coil and per- 
pendicular to the plane of the coil. A constant magnetic 
field parallel to the axis is present everywhere. What is 
the e.m.f. developed between the centre and the 
metallic ring ?(B = 1-0 Wb m7). [Ans. 157-08 V] 
A1 m long conducting rod rotates with an angular speed 
400 rad s! about an axis normal to the rod and passing 
through its one end. The other end of the rod is in contact 
with a circular metallic ring. A constant magnetic field of 
0-5 T parallel to the axis exists everywhere. Calculate the 
e.m.f. developed between the centre and the rin 
(Text Problem) L Agia. 100 V] 
A copper disc of radius 10 cm placed with its plane normal 
to a uniform magnetic field completes 1200 rotations per 
minute. If induced e.m.f. between the centre and edge of 
the disc in 6-284 mV, find the intensity of the magnetic 
field. Take 7 = 3-142. [Ans. 10-7 T] 
A metal disc of radius 200 cm is rotated at a constant 
angular speed of 60 rad s~! ina plane at right angles to an 


external field of magnetic induction 0-05 Wb m!. Find the 


(PS.S.C.E. 1991) [Ans. 6 V] 


ype B. On Motional e.m.f. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


If a 10 m long metallic bar moves in a direction at right 
angle to the magnetic field with a speed of 5.0 ms“!,25 V 
e.m.f. is induced in it. Find the value of magnetic field 
intensity. (P.S.S.C.E. 1999) [Ans.0-5 T] 
A conductor 2 m long moves in a magnetic field of flux 
density 0-5 x 10+ tesla with a speed of 36 km per hour. 
Calculate the e.m.f. induced in it, if it is perpendicular to 
both its length and field. [Ans. 10° volt] 
A straight wire of length 2 m moves at a speed of 
500 cm s! in a direction at right angles to a uniform 
field of induction 1000 gauss. Find the e.m.f. generated 
in volt. [Ans. 1 volt] 
A metre gauge train is running due north with a constant 
speed of 90 km h"! on a horizontal track. If the vertical 
component of earth’s magnetic field is 3 x 10° Wb m%, 
calculate the e.m.f. induced across the axle of the train of 
length 1-25 m. —(H.S.S.C.E. 2002) [Ans. 9-375 x 10 V] 
Calculate the e.m.f. induced between the ends of an axle 
1-8 m long of a railway carriage travelling at the rate of 
50 km h"!. The vertical component of the earth’s magnetic 


field is 0-5 x 10 weber m™. [Ans. 1-25 x 10° V] 
An aircraft with a wing span of 40 m flies with a speed of 
1080 km h7! in the eastward direction at a constant altitude 
in the northern hemisphere, where the vertical component 
of earth’s magnetic field is 1-75 x 10° T. Find the e.m.f. that 
develops between the tips of the wings. (Text Problem) 
{Ans. 0-21 V] 
A satellite with a 40 cm long copper wire on its bottom is 
revolving around the earth at 7-8 km per second, such that 
the wire is perpendicular to the vertical component of 
earth’s magnetic field. Determine the e.m.f. induced across 
this wire, if the magnitude of the vertical component of 
magnetic field is 0-2 gauss. [Ans. 0-0624 V] 
A railway track running north-south has two parallel rails 
1:0 m apart. Calculate the value of induced e.m.f. between 
the rails, when a train passes at a speed of 90 km h"!. 
Horizontal component of earth’s field at that place is 
0:3 x 104 Wb m™ and angle of dip is 60°. 
(H.S.S.C.E. 2001) [Ans. 1:3 x 10 V] 


‘ype C. On Self Induction 


21. 


23. 


24. 


20: 


26. 


Magnetic flux of 5 «Wb is linked with a coil, whena current 
of 1 mA flows through it. What is the self inductance of 
the coil ? (H.S.S.C.E. 1999) [Ans. 5 mH] 
The self inductance of an inductor having 100 turns is 20 
mH. Calculate the total magneiic flux linked with the coil 
and the magnetic flux through the cross-section of the 
inductor corresponding to a current of 4 mA. 

[Ans. 8 x 10-3 Wb, 8 x 10 Wb] 
A coil has an inductance of 1-5 x 10- H. Calculate the e.m-f. 
induced, when current in the coil changes at the rate 200 
ampere per second. [Ans. 3 V] 
The current passing through a 20 H inductor changes from 
9 A to 8 Ain 20 x 10-9 s. What will be the value of self 


induced e.m.f. ? [Ans. 10° V] 
A5 henry inductor carries a steady current of 2 ampere. 
How can a 50 volt self induced e.m.f. be made to appear 
in the inductor ? (P.S.S.C.E. 2001) 

[Ans. By decreasing current from 2 A to zero in 0-2 s] 
A coil has a self inductance of 10 mH. What is the 
maximum magnitude of the induced e.m.f. in the inductor, 


27. 


t ampere is sent through it 

[Ans. 0-2 V] 

A long solenoid of 10 turns cm! has a small loop of area 

1 cm? placed inside with the normal of the loop parallel 

to the axis. Calculate the voltage across the small loop, if 

the current in the solenoid is changed at a steady rate from 
1 Ato 2 Ain 0-1 during the duration of the change. 

[Ans. 1-257 pV] 


Type D. On Mutual Induction 


28. 


P23) 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


What is the mutual inductance of a pair of coils, if a current 
of 3 ampere in one coil causes the flux in the second coil 

of 1000 turns to change by 10 Wb in each turn ? 
[Ans. 3-33 x 10? H] 
If the coefficient of mutual induction of primary and 
secondary of an induction coil is 6 henry and a current of 
5 ampere is cut off in 2 x 10+ s, find the induced e.m-f. 
in the secondary coil. [Ans. 1-5 x 10° V] 
An e.m.f. of 50 millivolt is induced in a coil, when the 
current in the neighbouring coil changes from 10 ampere 
to 5 ampere in 0-1 s. What is the mutual inductance of the 
coils ? [Ans. 10-3 H] 
An e.m.f. 0-5 V is developed in the secondary coil, when 
current in the primary coil changes from 5-0 A to 2-0 A in 
300 millisecond. Calculate the mutual inductace of the two 
coils. (1.S.C.E. 1993) [Ans. 0-05 H] 
A conducting wire of 100 turns is wound over 1 cm near 
the centre of a solenoid of 100 cm length and 2 cm radius 
having 1000 turns. Calculate coefficient of mutual 
inductance of the two solenoids. (H.S.S.C.E. 1994) 
[Ans. 1-58 x 104 H} 
An air-cored solenoid is of length 0-3 m, area of cross- 
section 1-2 x 10°? m? and has 2500 turns. Around its central 
section, a coil of 350 turns is wound. The solenoid and the 
coil are electrically insulated from each other. Calculate the 
e.m.f. induced in the coil, if the initial current of 3 A in the 
solenoid is reversed in 0-25 s. (P.S.S.C.E. 2001) 
[Ans. 0-1056 V] 

MISCELLANEOUS PROBLEMS 


A metallic wire bent in the form of a semicircle of radius 
0-1 m is moved into magnetic field of 20 mT in a direction 
parallel to its plane, but perpendicular to the magnetic field 
with a velocity of 10 m s~!. Find the e.m-f. induced in the 
wire. [Ans. 0-04 V] 
The network shown in Fig. 1.46 is a part of complete circuit. 
What is the potential difference Vg— Va, when the current 
lis 5 Aand is decreasing at a rate of 103 As-!? 


[Ans. — 15 V] 
12 5mH 
A —WWwn | i QT —~' 5 
15V 
Fig. 1.46 


A coil of wire of certain radius has 600 turns and a self 
inductance of 108 mH. What will be self inductance of a 
similar coil, which has 500 turns ? [Ans. 75 mH] 
Three inductances are connected as shown in Fig. 1.47. Find 
the resultant inductance. (PS.S.C.E. 1993) [Ans. 1 H] 


L,=0'5H 


L,=0'5H 
Fig. 1.47 


eae 


10. 


11. 


12. 


13. 


Proceed as in solved problem no. 1.01. 


fps ap ALL ac  246x103V 
dt 0-5 

do = n A (By — B,) = 80 x 0-01 (0 — 1-0) 
= 0:8 Wb (in magnitude) 

Now, pi AO wy 0B ine 
: di. 0:1 


Proceed as in problem no. 3. 
= 200 x 0-16 (0-30 — 0-10) = 6-4 Wb 


6-4 
= 84 ey 


NOW, Oe de aos 


. Proceed-as in problem no. 5. 


Proceed as in solved problem no. 1.02. 
If @ is angle between the direction of magnetic field and 
normal to the plane of coil, then 
¢=nBAcos@ 
Initial magnetic flux, ?; =n BAcos0°=nBA 
and final magnetic flux, ¢, = n BAcos 180°=-nBA 
Therefore, change in magnetic flux, 
do = $,—9, =(-n BA)-n BA=-2nBA 
or dp=2nBA (in magnitude) 
=2 x 100 x 0-4 x (8 x 8 x 10+) = 0-512 Wb 
A pubes ay APS 
Aianicee 

As obtained in solved problem no. 1.04, 

e=Bx al? xv =1-0 x x x (1)? x 50 = 157-08 V 
As obtained in solved problem no. 1.04, 


= 5 BI w= x05 x(1)? x 400 = 100 V 


As explained in solved problem no. 1.08, induced e.m.f. 
between the centre and edge of the disc is given by 


e=Bxar2xv (in magnitude) 
120 
Here, v = 120 r.p.m. = rept 20 rp.s. ; 
e = 6-284 mV = 6-284 x 103 V 
e. _ 6284 107° 


B = 2 = 2 — 
mr’ xv 3-142 x(0-1)" x 20 
As obtained in solved problem no. 1.04, 


10-2 T 


A 
2 
Here, r = 200 cm = 2m; B= 0-05 Wb m2 
and w =60rads7! 


e= 5X 0-05 x (2x 60 = 6 V 


Now, e=Blv 

dig TEU ae ee ae = 
Iv 10x5-0 

Proceed as in problem no. 13. 

Proceed as in problem no. 13. 

Proceed as in solved problem no. 1.09. 

Proceed as in solved problem no. 1.09. 

Proceed as in solved problem no. 1.09. 

Proceed as in solved problem no. 1.09. 

e=Bylu 

Now, By = B,; tan 6 = 0:3 x 10 x tan 60° = 0-52 x 104+ T 


or 0-5 T 


21. 


22. 
23. 


24. 
25. 


26. 


27. 


29. 


60 x 60 


e=o-saxiotx10x| 


90 x a 


=13x103V 
Here, ¢ = 5 uWb =5 x 10° Wb andI=1mA=10°A 
Now, ¢ =LI 


or L=+= =5x10°H=5mH 


[ii a 2004 
Proceed as in solved problem no. 1.14. 
e=L=1:5x 10-? x 200 = 3 V 


Proceed as in solved problem no. 1.15. 


Suppose that current is decreased from 2 A to zere in tin 
dt. Then, 
di=2-0=2A 

dl 2 
Now, ¢=L— or 50=5x— or dt=0-2s 

dt dt 
Here, L= 10 mH = 10 x 10 H and I = 0-1 sin 200 t 

dl 


d 1 
ae a (0-1 sin 200 t) = (0-1 cos 200 t) x 200 
= 20 cos 200 t 


Now, ei a0 ied ed 
dt J. 


pate (4) =10x10-* x 20 = 0-2 V 
dt) na 

Proceed as in solved problem no. 1.16. 

Total magnetic flux linked with the second coil, 


¢@ = 1000 x 10+ = 0-1 Wb 
Now, ¢=MI_ or M= $=" =333 x 107 H 


Here, dl = 5A; dt =2 x 104s,M=6H 
Now, eee Mae eg cea 
dt 2x10 

Proceed as in problem no. 29. 
Proceed as in problem no. 29. 
Here, length of the primary solenoid = 100 cm = 1m 
Total number of turns in the primary solenoid, N, = 10( 
Therefore, number of turns per unit length of the prima 
solenoid, 


=15x105°V 


Me = = 1000 m ! 
Radius of primary solenoid, r = 2 cm = 0-02 m 
Therefore, area of cross-section of primary solenoid, 
A=ar- =a x (002) =4 2 x 104 m? 
Length of the secondary solenoid, / = 1 cm = 0-01 m 
Total number of turns in the secondary solenoid, N, = 1 
Therefore, number of turns per unit length of tk 
secondary solenoid, 


Now, M=yg 1, 1, Al 
=4 x 10-7 x 1000 x 104 x 4. x 104 x 0-01 
=158x107V 
Aliter. M =) 1, ny Al=M,)n,N,A, 
where N, = n, / is total number of turns in the seconda1 
solenoid. 
M = 42 x 10-7 x 1000 x 100 x 4a x 104 
=1-58x104V _ 


34. 


35. 


"Here, | > = 350 
. 0:3 
= 40x 10-7 x x 350%1-2 x 1073 
=44x10°H 


Now, dl=3-(-3)=6Aand dt=0:25s 
dl 6 
=M—=4-4x 10-3 x —— =0. 
at 0-25 0-1056 V 


Refer to conceptual SAQ 1.03. It can be obtained that when 
a semicircular metallic wire of radius R enters into a 
magnetic field B with velocity v, induced e.m.f. produced 


=ZBRv 


Sear 1 x 10 A 
It follows that 


pu 
Va, =IR+CE V; 
A ( +f a). B 


Vp 


Lal 

dt ahem _ 
= 4415s 5 x 103 x 103 eon Cae 
=5-15-5=-15V ony 


36. The self inductance of a coil is given by 


Sr 
Ley mta= HX 
LON 
L, N,? 
* Sesh NZ 108 x (5 2 
siatnisen oe Ds Nee 08 sleds 
N, (600) 
= 75 mH 


37. Refer to keynote on page 508 : 
The resultant inductance is given by 


LeXLg _p.gg 4 0750'S 
Lgtiy 0-5 +0-5 
=0-75+0-25=1H is 


GS 2.01. TRANSIENT CURRENT 

When a battery i is connected to a resistor, the electric current reaches its 
maximum value in practically zero time. However, when the circuit contains an 
inductor (ora capacitor) also, the current takes some finite time to attain its maximum 
value. Itis because, the growth of current is opposed by the induced e.m.f. produced 


due to the varying current. Similarly, when such an electric circuit is switched off, 


the current takes some finite time to decay from maximum to zero value. 
_ The electric currents, whose magnitude vary for a small time, while growing to 

maximum or decaying to zero, are called transient currents. 
_ _ It may be pointed out that the transient currents do not vary in direction* with 
time.. 
Gl 2.02. GROWTH AND DECAY OF CURRENT IN LR-CIRCUIT 

Consider a battery of e.m.f. E connected to a series combination of an 
inductance L and resistance R through a two-way key as shown in Fig. 2.01. 

(a) Growth of current. Initially (t = 0), the current in the circuit is zero. When 


the plug is inserted in the gap between 1 and 3 of the two-way key, the battery comes * 


in circuit with the series combination of Land R. Due to the phenomenon of self- 
induction, an induced e.m.f. is set up in the circuit, which opposes the growth of 


current in it. If lis the current and 7 is the rate of change of current in the inductance _ 


at any time ft, then 
potential difference across the resistance = 1 R 


induced e.m.f. produced in the inductance = — L a 


During growth of current in LR-circuit, the potential difference across the 
resistance will be equal to the sum of E (e.m.f. of the source) and — L (induced 
e.m.f. produced in the inductance). Thus, 


p+(-141)-1R 
dt 


dl 
or Was eeae G N(201) 
It follows that when the current in the circuit will attain maximum value (1,), 
the rate of growth of current “) will become zero i.e. 


when I= I, o=0 


Setting the above condition in equation (2.01), we obtain 


E=1,R+L(@)= 
Setting E =I, R in equation (2.01), we have 
dl dl 
IL R=IR+L— or. \L—=R(,- 
: dt dt ey 
di R 
=— dt 
el Vek toga & 


ihetiinek io sides, we have 


= Ja 
an - ‘ee 
*The currents, “3 ich vary both in magnitude and direction with time, are called 


alternating currents. 


526 


Key point Y 
When the LR-circuit is just switched on, 
bie rate of change of current in the a 


I, -D=—t+k, 
oie 


shere k is the constant of integration. In order to find k, we apply the boundary 
ondition i.e. ; 


or sa loge ( (2.02) 


when t = 0, 1=0 PP Ee dat # cp ; 


Setting the above condition in equation (2.02), we have 
—loge (I, -0)=* (+k 


or k=-log, I, 
Substituting for k in equation (2.02), we have 


Mop ty -D=Et-togely oF Gey -D-loge he * A A 


es i _R, . When the current in, LR-circuit becomes 
(I, -D R £5 =) t eet. : 
or loge = =——t or i 6b in eee inductive effect of the inductor 
Ip L Ip MOBS Mec ea esos 
etal | 
or T=, (te ¢ | ...(2.03) 
The equation (2.03) gives the value of current at any time f during growth of 
current in LR-circuit. 
Time constant. From equation (2.03), it follows that . has got dimensions of 
ime and is called inductive time constant of the LR-circuit. 
L 
_ When L is in henry and R in ohm, R is in seconds. 
Setting t= a in equation (2.03), we obtain 
=R.B 
l=], (deb Ralaly ren )=1p 1 — (2-718) !}=1, (10-368) = 0-632 I, 
Thus, the inductive time constant of an LR-circuit may be defined as the time in 
which the current grows from zero to 0-632 (or 63-2%) of its maximum value. 
ie LE AI SHES ERI ARE: AMIR EI SLR ESET S'S 
It can be calculated that when t = mins BL. it and che ; thecurrent willattain ? is 
R R R R J BIOL PL LOMER LARS 


values* 0-865 I), 0-950 I, 0-982 I, and 0-993 I, respectively. Finally, when t = 00, 
OR Es 


GROWTH OF 
CURRENT 


or I=] 

0 
ie. in LR-circuit, current will take infinite time to grow to the maximum value. 
However, practically the current attains maximum value after a time equal to five — 


time constants (s r) of the LR-circuit. Fig. 2.02 shows the growth of current with © 
time in LR-circuit. ; 

(b) Decay of current. Initially (t = 0), the current in the circuit is maximum (I)). 
Now, as we take out plug from the gap between 1 and 3 of the two-wav key and 
insert it in the gap between 1 and 2, the battery gets out of the circuit and the © 
current in the circuit starts decaying [Fig. 2.03]. The decaying current produces 
induced e.m/. in the circuit and it opposes the decay of the current. 


Let Ibe the value of current in the circuit and . , the rate of decay of current 


at any time t. As battery is not present in the circuit, 


o+(-LS)-1R 
dt 


te 2 = (2-718) 2 = 0-135, > = (2-718)? = 0-050, e+ = (2-718) + = 0-018 and 
e> = (2-718 — 1.907 


dt 
Integrating both sides, we have 
Ve - = [at 
R 


or log, I=- ‘i BK: (2.04) 


where k is the constant of integration. In order to find k, we nee the boundary 
condition 1.e.. 

when t=0, I=], 

Setting this condition in equation (2.04), we have 


log, I, --=(@+k 


or k= oe i 
Substituting for kin equation (2.04), we e have 


loge 1=— t+ loge | hk loge 1—loge ly =— +t 
R 


I R I en § 
or log, —=--—t or —=e L 
8e ie tL: We 
_& 
or l=hie SX(2:05) 


The equation (2.05) gives the value of current at any time f during decay of 
current in LR-circuit. 


Again, from equation (2.05), = = has got dimensions of time and the inductive 


time constant of the LR-circuit can fale be defined by using equation (2.05). 
Setting t = =in equation (2.05), we get 
Peed 
I=Ihe - R =1, e | =I, (0-368) =0-3681, 
Therefore, the inductive time constant of an LR-circuit may also be defined as the time 
in which the current decays from maximum to 0-368 (or 36-8%) of its maximum value. 


It can be calculated that at t = i sche bes and sai , the current will fall to the 
R RK R ; i, : : : DECAY OF 
values 0-135 1), 0-050 I,, 0-018 I, and 0-007 I, respectively. Using the equation (2.05), CURRENT 
it can be proved that the current will become zero after infinite time. Graphically, 
the current will decay with time in LR-circuit as shown in Fig. 2.04. 


UR 2UR3UR 4UR 5U/R 
{—> 


ME 2.03. GROWTH AND DECAY OF CHARGE IN A CR-CIRCUIT 

Consider a battery of e.m.f. E connected to a series combination of a capacitor 
C and resistance R through a two-way key as shown in Fig. 2.05. 

(a) Growth of charge. Initially (¢ = 0), the charge on the capacitor is zero. When 
the plug is inserted in the gap between 1 and 3 of the two-way key, the battery in 
the circuit starts charging the capacitor. Let q be the charge on the capacitor and I, 
the value of current in the circuit at any time t. Then, 

potential difference across the resistance =I R 

potential difference across the plates of capacitor = mie 

At any time, the e.m.f. of battery must be equal to the sum of the potential 
differences across R and C i.e. 


q 
E=IR+— 
C ...(2.06) 


When the capacitor gets fully chargéd (q,), the current in the circuit becomes , 
zero i.e. 
when G=4, 1=0 


lition in equation (2.06), we ha 


E=(0) R+— 
(0) are 


or Bs fo When a CR-circuit is just switched on, 
we : A q=0 and 1 = maximum 
Substituting for E in equation (2.06), we have and when steady state is reached, 
Foy Ah ED Dette ROE Fn q = maximum and le ae 
By definition, = et, 
dt 
Therefore, AOA: dq dq = dy 
‘@ dt 9o-q CR 
Integrating both sides, we have 
d 
pe 2 | dt 
qo-q CR 
1 
or —lo —g=——ttk, ...(2.07) 
Se 10-49 CR 


ere k is the constant of integration. In order to kind k, we apply the boundary 
idition i.e. 
when t = 0,q =0 
Substituting for k in equation (2.07), we have 


1 
— loge (4o 9) SOR t—log, Jo 


1 90 -9 1 
r lo ( a, )-lo =—— f 1 0 apnea § 
0 Se Fo —4 Se Ao CR or 108¢ a CR 

1 1 

ba ees 

or a a Ao pls’, fe cdebgt cR 
qo 40 
sabe 

or q=4\1- e CR ...(2.08) 


The equation (2.08) gives the value of charge on the capacitor at any time ¢ 
iring charging through the resistance in CR-circuit. 
From equation (2.08), it follows that CR has got dimensions of time and is called 
pacitive time constant of the circuit. ; 
When C is in farad and R is in ohm, CR is in seconds. 
Setting t = CR in equation (2.08), we have 
il 


—-—-CR 
q=q|1-e =q)=(1-e7") 


= qy {1 - (2:718)-1} = qu {1 — 0-368} = 0-632 qq 
Thus, the capacitive time constant of a CR-circuit may be defined as the time in which 
e charge on the capacitor grows from zero to 0-632 (or 63-2%) of its maximum value. 
It can be proved that when t = 2 CR, 3 CR, 4 CR and 5 CR, the charge on the 


:pacitor will be 0-865 g,, 0-950 q,, 0-982 q, and 0-993 q, respectively. GROWTH OF 
PR Io 4o 40 GgX©SP y, BOWIE o 


Finally, when f = 0, 


1 
raf ss | 


= qo (1-e-) = 4 (1-0) = 4 : CR 2CR 3CR4CR 5CR 
>. in a CR-circuit, the capacitor will take infinite time to charge to its maximum t—> 
alue. Fig. 2.06 shows the growth of charge with time in CR-circuit. The graph is 
xponential in nature as suggested by equation (2.08). 

(b) Decay of charge. Consider a battery of e.m.f. E connected to a series 
ombination of a capacitor C and a resistance R through a two way. When key is 


es 


pressed for some tin “g a 
qo. Thus, initially (t = 0), charge on the ppachor is maximum. 

As we take out plug from the gap between 1 and 3 of the two-way key and insert 
it in the gap between 1 and 2 [Fig. 2.07], the battery gets out of the circuit and the 
charged capacitor starts discharging through the resistance. Let I be the value of 
current in the circuit and q be the charge on the capacitor at any time t¢. As battery 
is not present in the circuit, 


sor mle ...(2.09) 
4 C 
By definition, I= = 
Substituting for I in equation (2.09), we have 
d 

s R++=0 or ne eM 

dt Cc q CR 
Integrating both sides, we have 


ja - a fa dt 


a 
lo =——t+k, ZAG 
or Se CR ( ) 


where k is the constant of integration. In order to find k, we apply the boundary 
condition i.e. 


when t = 0, q = 4, 
Setting this condition in Aa (2.10), we have 


log, q=- a (+k 


or k = log, 4 
Substituting for k in equation (2.10), we have 


1 
loge 10 ee pelea Qo 


———"t 
Ao CR Io 
‘ 1 
ie eee | 
or 4=4 e CR S211) 


The equation (2.11) gives the value of charge on the capacitor at any time t 
during discharge of the capacitor through the resistance in a CR-circuit. 

Setting t = CR in equation (2.11), we get 

MLN 
q=qe mantt e! =0-368 qq 

Therefore, capacitive time constunt of a CR-circuit may also be defined as the time 
during which the charge on the capacitor decays from maximum to 0-368 (or 36-8%) of its 
maximum value. 

It can be easily shown that : 

(i) at t= 2 CR, 3 CR, 4 CR and 5 CR, the charge on capacitor in a CR-circuit 
falls to the values 0-135 qy, 0-050 qg, 0-018 q, and 0-007 q, respectively and 

(ii) the charge will become zero after infinite time. 

Graphically, the charge on capacitor will decay with time in a CR-circuit as (0: reir’ he 
shown in Fig. 2.08. 


CR 2CR 3CR4CR 5CR 
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Ml 2.04. ENERGY STORED IN AN INDUCTOR 
Consider that a source of e.m.f. is connected to an inductor L. As the current 
starts growing, an induced e.m-f. is set up in the inductor and the induced e.m.f., 
then, opposes the growth of current through it. The source of e.m.f. has to spend 
energy in sending current through the circuit against the induced e.m.f. The energy 
spent by the source of e.m.f. is stored in the inductor in the form of magnetic field. 


_— 


Ve oe 


induced e.m.f. produced in the inductor, e = L a (in magnitude) 


If the source of e.m.f. sends a constant current I through the inductor fora small 
1e dt, then small amount of work done by the source is given by 


aweetdt=(LO\tdt=L 1a 
“at 

The total amount of work done by the source of e.m-f., till the current increases 
m. its initial value I = 0 to its final value I, is given as 

Ig 

2 
Sao i ons L I 


I I 
we fura=t fra=t : 


0 0 


This work done by the source of e.m.f. in building up current from zero to I) 
stored inside the inductor in the form of energy. Therefore, energy stored in the 
ductor, 


U= " Islg 12212) 
The energy is stored in the inductor at the expense of the energy of the source 
e.m.f. and it resides in the inductance in the form of magnetic field. 
It may be pointed out that : 
(i) The energy is stored in the inductor at the expense of the energy of the 
source of e.m.f. 
(ii) The energy resides in the inductor in the form of magnetic field. 

(iii) In case of an alternating source of e.m.f., during one half cycle energy is 
stored in the inductor from the source and during the next half cycle, the 
same amount of energy is returned to the source. It is for this reason that 
average electric power of an inductor is zero. 

gg 2.05. ENERGY STORED IN A CAPACITOR 

Consider that a source of e.m.f. E is connected to a capacitor of capacitance C. 
; the charging of the capacitor takes place, the potential difference across the plates 
the capacitor increases. The source of e.m.f. has to spend energy in charging the 
pacitor against the potential difference across the plates of the capacitor. The work 
me by the source of e.m.f. gets stored in the capacitor in the form of its energy. 

Initially (t = 0), the charge on the capacitor is zero. Consider that at any instant, 
e charge on the capacitor is q and the potential difference across the plates of the 
pacitor at that time is V. 
che 
Go 

Suppose that the source of e.m.f. delivers infinitesimally small amount of charge 
) to the plates of the capacitor without producing any change in the potential 
fference across its plates. Then, small amount of work done by the source of e.m-f. 
given by 


Then, V = 


aw =V dg =F ag 


The total amount of work done by the source of e.m_f. so as to increase charge 
1 the plates from the initial value q = 0 to the final value q, is given by 


, ; 90 
Tiss 1 
we |Sag22 fqdg=2 
Che Citta 

0 0 


2 
fis 


2 


140" 
Pie Ge 


This work done by the source of e.m.f. in charging the capacitor from zero to 
_ is stored inside the capacitor in the form of its energy. Therefore, energy stored 
side the capacitor, 


2 
1 4 
— 
U 7 C (2013) 


Energy stored in an inductor resides inside 
it in the form of magnetic field. 


Key point 4 aU 6 
Energy stored in a capacitor resides inside 
it in the form of electric field. 


oth 


of the capacitor will become equal to E, the e.m.f. of the source of e.m.f. 


sy Gg=CE 
Substituting for q, (= C E) in equation (2.13), we have 
U=5CE (2.14) 


Substituting for C - te) in equation (2.13), we have 


U= 4 (2.15) 


The equations (2.13), (2.14) and (2.15) give the energy stored in a charged 
capacitor. The energy is stored in the capacitor at the expense of the energy of the 
source of e.m.f. and it resides in the capacitor in the form of electric field. 

It may be pointed out that : 

(i) The energy is stored in the capacitor at the expense of the energy of the 
source of e.m.f. 

(ii) The energy resides in the capacitor in the form of electric field. 

(iii) In case of alternating source of e.m.f., during one half cycle energy will be 
stored in the capacitor from the source and during the next half cycle, the same 
amount of energy is returned to the source. It is for this reason that average electric 
power of a capacitor is zero. 


mmm 2.06. LC-OSCILLATIONS 


Consider a charged capacitor of capacitance C. The energy is stored in the 
capacitor in the form of electric field between its two plates. If the charged capacitor 
is connected to an inductor Las shown in Fig. 2.09 (a), LC-oscillations are produced 
as explained below : 

As soon as the capacitor is connected to inductor, it sends a current, thereby 
producing growing magnetic field inside the inductor. In turn, it produces induced 
e.m.f., which opposes the growth of current and hence the capacitor takes some finite 
time to discharge completely. When it discharges completely, the energy which was 
stored inside the capacitor in the form of electric field, now appears in the form of 
magnetic field inside the inductor [Fig. 2.09 (b)]. 

As soon as the discharge is complete, the current ceases to flow and the 
magnetic field lines linked with the inductor also start winding up. Owing to this, 
induced e.m.f. is produced in the inductor. The induced e.m-f. starts charging the 
capacitor but with opposite polarity. Now, the energy stored in the inductor in the 
form of magnetic field appears in the form of electric field between the plates of the 
capacitor as shown in Fig. 2.09 (c). In case the circuit does not possess any ohmic 
resistance, the capacitor will charge to the same initial value. 

On getting fully charged, the capacitor will again discharge sending current 
through the inductor in opposite direction (as plates have opposite polarities) and 
therefore causing magnetic flux to link with inductor in the opposite direction as 
shown in Fig. 2.09 (d). 

As before, on the complete discharge of capacitor, the magnetic flux linked 
with the inductor starts winding up. As a result, the induced e.m.f. so produced 
charges the capacitor, such that polarity of the plates is opposite to that in the 
previous case i.e. the same as it was in the beginning [Fig. 2.09 (e)]. 

The process, then, repeats itself indefinitely and the electromagnetic oscillations 
are produced as shown in Fig. 2.10. The oscillations are produced due to continuous 
conversion of energy in the form of electric field between the plates of the capacitor 
into magnetic field inside the inductor and vice versa. If the circuit does not have 
any resistance, no dissipation of energy will take place and the amplitude of 
oscillations produced will remain constant. Such oscillations are called undamped 
oscillations. However, due to finite resistance of the circuit, the amplitude of 
oscillations goes on decreasing. It is because, a small amount of electric energy is 
dissipated in the form of heat energy during each oscillation. In other words, in 
practice, the damped oscillations are produced. 

The frequency of the LC-oscillations produced is given by 
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ren Ka 


(b) 


(c) 


(4) 


(e) 


ERE LO LDS REIT I OI 


capac 


y 4 ‘to is connected to an inductor of inductance L [Fig. 2.11]. 


1uS, 


att=0, q=q,and = 1I1=0. 
As the capacitor is connected to inductor, it will start discharging through the 


ductor. Due to the varying current flowing through the inductor, induced e.m-f. 
illbe produced in it. Suppose that at any time t during the discharge of capacitor, 


arge left on capacitor is q, current in the circuit is I and the rate of change of 
a ite 
irrent 1s — . 


Now, the induced e.m.f. across the inductor at any instant 


wot OL 
dt 
and the potential difference across the capacitor at that instant = 2 
Therefore, in the LC-circuit, at any instant 
a Yd pe 
re} sae 
or if al ri /ape ...(2.16) 
OY ‘ 
Now, od so that Ab it 4 
dt dt dt? 
Therefore, equation (2.16) becomes 
2 
ae + Liss 0 
apadlin’ 
d’q 1 
or — +——9q=0 .--(2.17) 
de LC4 
1 2 
i SH) a 
Let us substitute Lc (2.18) 
Then, equation (2.17) becomes 
dq. 0 
a2 +@°q=0 © ABN9) 
The general solution of the differential equation (2.19) is of the form 
q=Acos wt = Bsin wt ...(2.20) 


To find A and B: The values of constants A and B are found by applying 


1e following boundary conditions : 


(i) When t = 0, 4 = 4 
Setting this condition in equation (2.20), we have 
qo = Acos w (0) + B sin (0) 


or A=4 
(ii) The instantaneous value of current in the circuit is given by 
qd 8 VA cralots Bw.cos wt) 
dt dt 
or I=—Ao sinwt + Ba cos at “eo Qe by) 
Now, when $= 0, L210 


Setting this condition in equation (2.21), we have 
0=- Aa sin w (0) + Bw cos @ (0) 


or B=0 
Substituting for A and B in equation (2.20), we get == 
q = 4) cos wt ...(2.22) 


Therefore, charge on the capacitor at any time is a harmonic function of time 


nd hence it keeps on oscillating. If f is the frequency of oscillation, then . 


@ 
wo=210 or =— 
f f 22 
Using equation (2.18), we have 


A 1 
6 2xJLC 


Bees) ) 


A varying magnetic field produces a 


_ varying electric field and in turn a varying 
electric field produces a varying magnetic 


eo 


Just as in a harmonic oscillator, sum of kinetic and potential energies is 
constant ; in the LC-circuit, the sum of the energy stored in capacitor and the 


inductor at any instant is also constant i.e. the total energy of the LC-circuit does not 


depend on time. It can be shown as below : 


Energy stored in capacitor at any instant = a 


N/R 


A 


cos” ot 


Also, energy stored in inductor at any instant = ; jie 


1. (dq 1 f 0] 
Sep SST t 

2 (2) De Lataction aah 
gore lae sin” wt 


Pipher 2 2 
~ 40 Patt sin? wt 
2 Zee G 


(-." 4 =qy cos wt) 


P. 
ee sin? wt 
2G 
Therefore, total energy of the LC-circuit at am instant, 
qo” Jo” q 
U— a cos? wt + ora sin? wt = 4 (constant) 


Note. The equation (2.22) can be used to find instantaneous and maximum > 


value of current in the circuit. It follows that 
d 
lee a w sin wt =I, sin wt 


Thus, maximum current, I, = q, @ 
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SOLVED NUMERICAL PROBLEMS 


Type A. On Growth and Decay of Currentin LR-circuit 
Problem 2.01. An inductance of 2-5 henry is 
Connected to a battery of e.m.f. 3 volt through a resistance 
of 50 ohm. Calculate (i) time constant of circuit (ii) rate of 
change of current at the instant, the current begins to flow 
and (iii) the maximum value of the current. 
Sol. Here, E =3 volt ; L=2-5 henry ; R=50 ohm 


(i) Time constant, E ee J =0-05s 
Ree 50 
is £ ats ae dl 
(ii) For LR-circuit, E-L it lige 
dl VES IR 
dt 


At the instant, when current begins to flow, I = 0. 
Therefore, rate of change of current at the instant the current 
begins to flow is given by 

dl E—O)R ae 


=1-:2As! 
dis L > Le 
(iti) Maximum current, [ = E = ~P =0-06A 
R 50 


Problem 2.02. A potential difference of 1 volt is 
applied to a coil of resistance 1 ohm and inductance 1 
henry. (i) What is the current after1s? (ii) How long 
does it take the current to reach half its final value ? 

Sol. (i) Here, E=1 volt;R=1 poe henry ;t=1s 


Maximum value of current, I, = == — i =A: 


Let I be the value of current after 1 s. 


Now, 


=(1=e.-)=(1—0- 368) 


= 0-632 A 
(ii) Here, [= “ 


R 
ty 
We know, I=I, =|1-e © 


1 
Ig ae t 
—~=I)/1-e ! 
> 9 
or *=(1-2*) or yon & Ce dy See! 
2 2 
or t=log, 2 = 2-3036 x logy, 2 = 23026 x 0-301 


= 0-693 s 

Problem 2.03. A steady current is flowing through a coil 
of resistance 20 ohm and inductance 0-1 henry. Find the 
time taken by the current to fall to 30% of its maximum 
value. What is the rate of change of current at this instant, 
if steady value of current through the coil is 2 ampere ? 

Sol. Here, I, = 2 ampere ; L=0-1 henry ; = 20 ohm 

Let f be the time, after which the current falis to 30% ot 
its maximum value, i.e. it becomes 


30 
. [2031 
1000 ° a 


During decay, the value of current at time f is given by 


or ert =3-3338 
or 200 t = log, 3-3333 = 2:3026 logy9 33333 
fe __ 2.3026 logyg 3:3333 _ 2:3026 x 0-5229 
200 t 200 
= 6-02 x 10-7 s 


When the current decays in a circuit (battery is not in 
rcu:t), 
TR=—L ae 
dt 
Therefore, the rate of decrease of current in the circuit is 
iven by 
Ag Sch eetivey wes site 
dt “LN xsi 0-1 
=120As* 
'ype B. On Growth and Decay of Chargein CR-circuit 
Problem 2.04. If a circuit having a resistor of 2 megaohm 
n series with a capacitor of one microfarad is placed in 
eries with a cell of e.m-.f. 2 volt, find the time after which 
he charge reaches 84-47% of its maximum. 
Sol. Here, R = 2 megaohm = 2 x 10° ohm ; 
C =1 microfarad = 10~ farad 
Suppose that t is the time after which the charge reaches 
34-47% of its maximum value i.e. the charge becomes 


84-47 q _ 86-47 


Bod ee Dati = 0-8647 
Ae pt00 qo 100 
its tt 
We know, 7= 4% 1-—eCR or a 1—eCR 
0 


t 
J. 6 6 
jledaz=|1 2e4x x10 ead 


t 
e 2=1-—0-8647 =0-1353 


or 

or — = log, (0-1353) = 2: 3026 logio (0-1353) 
~ 2.3026 x (1-1313) 

or t=2 x 2:3026 x 0-8687 = 4s 


Problem 2.05. A capacitor of 1-443 WF capacitance after 
being charged, is shunted by a high resistance. If half of 


TECHIE STUFF 


Problem 2.01. Two circuits (A) and (B) connected to 

identical d.c. sources (e.m.f. = 10 V) differ greatly in 
their self-inductance. Circuit A has large self-inductance 
equal to 10 H, while the self-inductance of B is much 
smaller, equal to 0-05 H. The total external resistance in each 
circuit (which includes the resistance of the inductor itself) 
is 40 Q. 


‘the ch 


arge leaks away in one minute, find the value of the 


resistance. 
Sol. Here, C = 1-443 uF = 1-443 x 10°F; 
t= 1 minute = 60s 


Charge on capacitor after 1 minute ie. 60S = x 
mages 
We know, g=4 @ CR 
eos 
=6 
Tes fo = g, a 1.443 x10" xR 
2 
60 60 
ile! eink See ~ 
fe gay 8 1-443 x10 xR-Gp 144310 xR _9 
2 
or) ees OO 5 2 Jog: 2= 2303 logy (2) 
Rx1-443x10° is 
= 2-303 x 0-3010 = 0-6931 
or ca = 60 x 10°Q 


R= 6 
1-443x 10° x0-6931 
Type C. On LC-oscillations 
Problem 2.06. A radio can tune over the frequency range 
of a portion of MW broadcast band 800 kHz to 1200 kHz. If 
its LC-circuit has an effective inductance of 200 wH, what 
must be range of its variable capacitor ? (Text Problem) 
Sol. Here, L= 200 wH = 200 x 10° H 
Frequency range of MW broadcast © 
= 800 kHz to 1200 kHz 
=8 x 10° Hz to 12 x 10” Hz 
For tuning the radio, the natural frequency of the LC- 
circuit should be equal to the frequency of the signal. 


Now, pe Vala | 
2AYLEC 


ike i 
4n? f 413 
Value of capacitor corresponding to lower limit of MW 
band i.e. f= 8 x 10° Hz, 


or 


1 
4m” (8x 10°) x 200 x 10° 
= 197-9 x 10-1? F = 98 pF 
Value of capacitor corresponding to upper limit of MW 
band ie. f = 12 x 10° Hz, 


Cy 


1 
Cr : 
1 gn? 2x 10°)? x 200 x 10° 
= 87-95 x 10-12 F= 88 pF 
Therefore, variable capacitor should be of range 88 pF 
to 198 pE 


~ CONCEPTUAL NUMERICAL PROBLEMS 


For ambitious, 


brilliant & curious Student ——_———= 


(a) Are the steady current values in each circuit 
equal ? If so, what is the value ? 

(b) Compare the times required for the currents in the 
two circuits to reach [1-(1 / e)] of their steady value. 

(c) Which circuit requires greater energy consumption 
of the source to build up its current to the steady value ? 


(d) Afterthe steady state is reached, do the circuits diss 
pate the same power in the form of heat? — (Text Problem) 
Ans. Circuit A Circuit B 
E=10V;L=10H;R=40Q E=10V;L=0-05H;R=40Q 


(a) Steady current, 1, =— 


Since the value of steady current is independent of the 
value of inductance (L) in the circuit, the steady current in 
each circuit is same and is equal to 

ee eee 99 
40 
R 


-<t 
(b) During growth:I=I,|1-—e © 


Thus, time t required for current to reach the value 


Ip (a —1/e) is given by 


1 -- 1 
to(1-2)=1 teal or AL = ae 
e € 


or “ bi or t= t 
R 
ta _ 10/40 _ 200 
tg 0-05/40 
(c) Energy required to build up current I, in an inductor, 
W= Ei i ha 


Therefore, W, = ; x 10 x (0-25)? = 312-5x 10° J 


and Wy = 5 0-05 x (0-25)? = 1.5625 x 10 J 


Hence, circuit A requires greater eneigy to build up 
current equal to I, 
(d) Power dissipated on reaching the steady state = I,7R 
Since I, and R are same for both circuits, the two circuits 
will dissipate the same power. 
Power dissipated in each circuit = (0-25)? x 40 = 2-5 W 
Problem 2.02. Two capacitors 4uF and 6yF (in series), 
are connected through a resistance of 10 kQ toa18 V 
battery of negligible internal resistance [Fig. 2.12]. After a 
time of about 10 s, the battery is disconnected and the 
capacitors are allowed to discharge through the resistance. 
Determine the voltage across each capacitor after a time 
lapse of 48 milliseconds. (Text Problem) 


Fig. 2.12 
C, =4yF;C, =6yF 
Therefore, total capacitance in series is given by 
seas: npn uaitael fin _ 10 


_ Sol. Here, 


CuCl Cvuad nGuead 


10 
Also, R=10kQ=10*Q 
Time constant of CR-circuit, 
CR = 2-4 x 10 x 104 =2-4x 107 s 

As battery is connected to CR-circuit for 10 s,i.e. for a time 
very large as compared to time constant of the circuit (CR = 
2-4 x 10°? s), the capacitor will get charged to the maximum 
value q, and voltage across its plates will become equal to 18 
Vie. equai to e.m.f. (E) of the battery. 

Now, q,=CE=2-4 x 10 x 18 = 4-32 x 10°C 

During discharge, charge on the capacitor after time t is 
given by 


1 
t 


4F=o & 8 
Here, t = 48 millisecond = 48 x 10 s 
lee. = x 48x 109 
q=4-32x10~ e 24*10 
= 4.32 x 10° e? = 4-32 x 10> x 0-135 
= 5-832 x 10°C 


Since capacitors are connected in series, each capacitor 
has the same charge i.e. 
gq = 5-838 x 10 


5-832 x 10° 
Therefore, voltage across C,, Vj = ¢7. 9 ans “toe 


Exp 44107 
= 1-458 V 
5-832 10° 
and voltage across C,, Vz = mgs asics 
Cp 6x 10 
= 0-972 V 


Problem 2.03. A 3 henry inductor is placed in series 

with a10 ohm resistor. An e.m.f. of 30 volt is suddenly 
supplied to the combination. At 0-3 s (which is one 
inductive time constant) after start, find at which rate energy 
is stored in the magnetic field. 

Sol. Here, E = 30 volt ; L=3 henry ; R= 10 ohm ;t= 0:3s 


Maximum current, [, = a =3 ampere 
From definition, after one inductive time constant i.e. 
at 0-3 s , 1 = 0-632 I, = 0-632 x 3 = 1-896 A 
Now, rate at which energy is stored in magnetic field, 
ch RL ts 7 |=LI a 
dt dt dt 
But rate of increase a current during growth, 


di _E-IR 


at jie 
Since att = 0-3 s, l= 1-896A, the rate of increase of current 
at 0-3 s, 
a 30-1-896x10 30-18-96 
dt 3 jnadt aa 
= ae =3-68As7 


AY =3x1-896x3-68 — 20.93 W 


Problem 2.04. An LC-circuit contains a 20 mH inductor 
and a 50 uF capacitor with an initial charge of 10 mC. 


ich circuit is closed be t = 0. 

(a) What is the total energy stored initially ? Is it con- 
ved during the LC oscillations ? 

(b) What is the natural frequency of the circuit ? 

(c) At what times is the energy stored : (i) completely 
ctrical (i.e. stored in the capacitor) ? (ii) completely 
gnetic (i.e. stored in the inductor) ? 

(d) At what times is the total energy shared equally 
tween the inductor and the capacitor ? 

(e) If a resistor is inserted in the circuit, how much 
ergy is eventually dissipated as heat? = (Text Problem) 

Sol. Here, L = 20 mH= 20 x 10° H; 

C=50 pF =50x 10°F; 
Charge on the capacitor initially, q, = 10 mC = 10x 10°C 
(a) Energy stored in the capacitor initially 
§ 402 10x10" 
--2C 2x50x10° 

Since the LC-circuit has negligible resistance, the energy 

conserved in LC-oscillations. 
(b) Natural frequency, 


1 1 
j= 
2nJLC 22 20x10? 


= 159-15 Hz 


x 50x 107° 


Q. 2.01. What is a transient current ? 

Ans. The current which varies for a small finite time, 
hile growing to maximum or decaying to zero value, is 
alled transient current. 

QO. 2.02. What is difference between a steady current 
nd d.c. ? 

Ans. A steady current is that whose magnitude remains 
onstant. On the other hand, the current which always flows 
1 one direction is called d.c. It does not reverse its direction 
vith time as a.c. does. 

Q. 2.03. What are the dimensions of R/L ? 

Ans. Reciprocal of time. 

Q. 2.04. Write down the expression 
rowth of current in an LR-circuit. 

Ans. Refer to section 2.02. From equation (2.01), it 
ollows that 


for the rate of 


di _E-IR 
ptrsnedl » 

Q. 2.05. How does an inductor behave in the d.c. circuit 
.fter the steady state has been reached ? 

Ans. After the steady state is reached, the inductor 
sehaves just as a conducting wire. 

Q. 2.06. A battery is connected toa series combination 
of an inductance (L) anda resistance R. On what factors does 
the value of maximum current depend in LR-circuit ? 

Ans. The maximum value of current is given by 

(xe 

It may be noted that it does not depend upon the value 

of inductance. 


the rate of growth of current, 


«Aare: 
f 159-15 
(i) Energy stored is completely electrical at 
t='0, T, T/2,3 T/2, where T = 6:28 x 10 s 
(ii) Energy stored is completely magnetic at 
t=T/4,3T/4,5T/4, ....., where T = 6:28 x 10s 
(d) The energy stored in the capacitor will become half 


=6-28x10~ s 


that stored initially, if9 =+ z 
2) 
Itis because, W= a 
a 
1.€. Wa q 2 


During LC-oscillations, the charge on capacitor at any 
instant, 
q = qq cos wt 


a 


or 


1 
=g, cos wt CcOs@t=2——= 
Go 2 


N 


Therefore, of = 2/4,32/4,5 2/4, ....-- 
or f= T/8, 3 T/8,5 T/8, ...., where T = 6-28 x 10s 
(c) When resistance is introduced, whole of the energy 
will be dissipated in the form of heat. The introduction of 


resistance produces damped oscillations. 


SWERQUESTIONS 
With Answers/Hints 


Q. 2.07. What are the dimensions of C R ? 

Ans. Time. 

Q. 2.08. Does the value of maximum charge on the 
capacitor in a CR-circuit depend on the values of both Cand 
R? 

Ans. No, the value of maximum charge on the capaci- 
tor depends on the value of C. It is independent of the 
value of R. 

Q. 2.09. Define time constant of an electrical circuit. 

(.S.C.E. 1998) 

Ans. The time constant of an electrical circuit is the time 
in which the current (in LR-circuit) or charge (in CR-circuit) 
grows to 1/eth of its maximum value. 

Q. 2.10. Does the time constant of a CR-circuit or an LR- 
circuit depend on e.m.f. of the source ? 

Ans. No, it does not depend on e.m.f. of the source. The 
time constant of a CR-circuit is CR and that of an LR-circuit 
is L/R. 

Q. 2.11. Where does the energy reside in an inductor 
through which current has attained its maximum value ? 

Ans. It resides inside the inductor in the form of 
magnetic field. 

Q. 2.12. What are the dimensions of {EC ? 

Ans. Time. 

Q. 2.13. What role does the resistance of inductor play 
in LC-circuit ? 

Ans. Due to the resistance of the inductor, the LC- 
oscillations produced are damped one. It is because, during 
each oscillation, a part of electric energy is dissipated in the 
form of heat energy. 


Q. 2.01. Define time constant in LR-circuit. How can 
it be increased ? (H.S.S.C.E. 1994) 
Ans. For definition of time constant of LR-circuit, refer 


if 
to section 2.02. The time constant of LR-circuit i.e. — can be 


increased by increasing the value of L and decreasing the 
value of R. 
Q. 2.02. Verify that L/R has the dimensions of time. 
Ans. The instantaneous current in LR-circuit during 


growth is given by 
R 


——t 
I=], l-e L 


It follows that the factor L t should be dimensionless i.e. 


~ t = dimensionless 


Therefore, B = time 


Q. 2.03. What factors determine the growth of current 
in LR-circuit ? Is it L or R or both ? Explain. 
(H.S.S.C.E. 1994) 
Ans. The growth of current in LR-circuit is determined 
by both Land R. Practically, the current attains the maximum 


value in a time equal to 5 . . Therefore, lesser the value of L 


and greater the value of R, earlier the current will attain its 
maximum value. 
Q. 2.04. Prove that total energy stored in an inductor 


s m3 LI 
the inductor. 
Ans. Refer to section 2.04. 
Q. 2.05. Verify that CR has the dimensions of time. 


Ans. The instantaneous charge on capacitor in CR-circuit 
during growth is given by 


pill... 
=m [1=< ce") 


ax is the maximum current through 
(C.B.S.E..1993) 


max, Where | 


Q. 2.01. Fig. 2.13 shows an inductor L and a resistance 

R connected in parallel to a battery through a switch. 
The resistance of R is the same as that of the coil that makes 
L. Two identical bulbs are put in each arm of the circuit. 


FREQUENTLY ASKED SHORT ANSWER QUESTIONS: 


With Answers/Hints 


It follows that the factor <R t is dimensionless i.e. : 


om t = dimensionless j 
CR 

Therefore, [C R] = 

Q. 2.06. Why does an LC-circuit produce oscillations ?. 

Ans. When a charged capacitor in an LC-circuit dis- 
charges through the inductor, the electric energy stored 
between the plates of capacitor appears as the magnetic 
energy inside the inductor. When the capacitor has dis- 
charged, the magnetic field linked with the inductor starts 
collapsing. Due to this, induced e.m.f. is produced in the 
inductor and the capacitor starts charging and ultimately the 
magnetic energy appears as the electric energy across the 
capacitor. This process repeats again and again, giving rise 
to LC-oscillations. 

Q. 2.07. Calculate the wavelength of radio waves 
radiated out by a circuit consisting of 0-02 »F capacitor and 
8 #H inductor in series. (H:&S. Cabal 992) 

Ans. Here, C = 0-02 wF = 0-02 x 10°F; 

L=8ywF=8x10°H 


Now, f= ae ses nents. 5 TE a 

2mJLC 27 J0-02x10* x8x10° 

= 3-98 x 10° Hz 
Therefore, wavelength of the radio waves emitted, 
8 
3x10 
A=5=—"—__ = 7.54 x 10? m 
f 3-98x10 


Q. 2.08. Why does an LC-circuit usually produce dam- 
ped oscillations ? 

Ans. An inductor possesses a small resistance also. 
Therefore, each time electric energy converts into magnetic 
energy during LC-oscillations, a small part of energy is 
dissipated as heat energy across the resistance of the 
inductor. As a result, the oscillations produced are damped 
in nature. 


| TECHIE STUFF = CONCEPTUAL SHORT ANSWER QUESTIONS ® 


For ambitious, 


brilliant & curious StUdeNtS ama 


(i) Which of the bulbs lights up earlier, when S is 
closed ? (C.B.S,E.h999 5, 4998) 

(ii) Will the bulbs be equally bright after some time ? 

Ans. (i) The bulb B, will light up earlier. The reason is 
that current through bulb B, grows to maximum value 
instantaneously, while the current through bulb B, will take 


up some finite time practically equal to ar to reach the 


maximum value. 

(ii) After the steady state is reached, self-inductance will 
have no effect. Therefore, after some time, when steady state 
has been reached, the two bulbs will become equally bright. 

Q. 2.02. An ideal inductor of 1 H is connected across a 
resistance of 100 Q as shown in the Fig. 2.14. 


1009 
1H 
900 2 
4 K 
OVoiaen 909 14 


(i) What is the current through the inductor as soon as 
ey K is closed ? 


1. 


wes ternitoly 


Show that the current rises exponentially in a circuit 
containing inductance and resistance, when a steady e.m.f. 
is applied to it. 

Acertain LR-circuit has a time constant equal to L/R. Show 
that the time T that must elapse for the current to achieve 
half its final steady state value is 


L 
oe 72 


Derive the equation for decay of current in an LR-circuit 

connected to a source of constant e.m.f. What is meant by 

time constant ? 

Show that during charging and discharging of capacitor 

through a resistance, the current always decreases from 

maximum to zero. 

Derive an expression for the energy stored in an inductor. 
(H.S.S.C.E. 1999 S) 

Show that the energy stored in an inductor L, when a 


current I is established through it, is 5 seni 
(H.S.S.C.E. 2002, 2001 ; C.B.S.E. 1990) 


Explain the meaning of transient current. Discuss the 
growth and decay of current in LR-circuit. 

(C.B.S.E. 1990) 
(a) Derive an expression for the growth of current in a 
circuit containing L and R. Give the graph between time 
and rising current. 
(b) Draw a sketch to show the variation of current with 
time. How would the curve look like, if 
(i) R was replaced with R’ (R’ > R) ? (ii) E was replaced 
with E' (E’ > E) ? 


ct 


Type A. On Growth and Decay ofcurrentin LR-circuit 
1. 


What resistance must be connected in series with an 
inductor of 5 mH, so that the circuit has a time constant 
of 2x 103s? [Ans. 2:5 Q] 
A cell of 1-5 V is connected across an inductor of 2 mH in 
series with a 2 Q resistor. What is the rate of growth of 
current immediately after the circuit is switched on ? 
[Ans. 750 As“!] 
A coil of resistance 20 ohm and inductance of 0-5 henry 


(ii) What is the potential difference across the 100 Q 


resistance, when the current has attained a steady value ? 


(1.S.C.E. 1994) 


Ans. (i) At the instant, the key K is closed, the current 
in the circuit begins to grow and the induced e.m.f. produced 
in the inductor opposes the flow of current through it. Thus, 
as soon as the key K is closed, no current flows through the 
inductor. 

(ii) When the current attains steady value in the circuit, 
the inductive effect of the inductor ceases and it will short 
circuit the 100 Q resistance. Since no current flows through 
the 100 Q resistance, the potential difference across 100 Q 
resistance will also be zero. 


FREQUENTLY ASKED SHORT ANSWER 


10. 


iG 


12. 


13. 


| FREQUENTLY ASKED LONG 


3. 


4. 


| FREQUENTLY ASKED NUMERICAL PROBLEMS 


QUESTIONS 
Carrying 3 Marks 


Show that in an electric circuit consisting of inductance, 
the coefficient of self induction is numerically equal to 
twice the work done in establishing the magnetic flux 
associated with unit current in the circuit. 

How is energy stored in an inductor and where does this 
energy reside ? Obtain an expression for this energy and 
give an example, where this energy is made use of. 
Derive an expression for the energy stored in a charged 
capacitor C. Where does this energy reside ? 

Prove that the potential energy of a charged capacitor is 
equal to half of the product of charge on it and potential 
difference between its plates. In what form does this energy 
reside ? 

What happens, when a charged capacitor is dischargec 
through a coil of inductance L and of negligible resis- 
tance ? 

What do you understand by LC oscillations ? Discuss 
qualitatively, how these oscillations are produced. 
Acharged capacitor is connected to an inductor. Show that 
the discharge of capacitor through the inductor is 
oscillatory. Obtain the frequency of oscillations. 


ANSWER QUESTIONS 


Carrying 5 Marks 


Discuss the charging and discharging of a capacitor in a 
CR-circuit. When will the time constant be 1 second ? 

(a) Derive the equations for growth and decay of charge 
in CR-circuit connected to a constant e.m.f. What is meant 
by time constant ? 

(b) How does the current vary with time in such a circuit ? 
(c) If the resistance could be made negligibly small, which 
of the following will be correct ? 

(i) The capacitor gets charged almost instantaneously. 
(ii) The charging rate becomes gradual. (iii) There is no 
charging at all. 


For Practice 
is applied d.c. of 200 volt. Calculate the rate of increase 
of current (i) at the instant of closing the switch (ii) at 
t = L/R s after the switch is closed. 

[Ans. (i) 400 As“! ; (ii) 147-2 As“! 
A coil of resistance 20 ohm and inductance 0-5 henry is 
connected to 100 volt d.c. battery. Calculate 
(a) the steady current 
(b) the rate of increase of current (i) at the instant of closing 
the switch (ii) at f= L/R s after the switch is closed. 
[Ans. (a) 5 A; (6) @ 200As1, (i) 73-6 As") 


A 2 volt battery of negligi 


Calculate the time required by current to attain a value half 
that of the steady current. [Ans. 0-0693 s] 
Acoil of inductance 8-4 mH and resistance 6Q is connected 
toa 12 V battery. Find the time, when the current in the coil 
will grew to 1-0 A. (LLT. 1999) [Ans. 9-7 x 10+ s] 
When a current of 10 A is flowing through a resistance of 
20 Q and inductance of 10 H, the battery is switched off. 
Find (a) current after 0-4 s, (b) the time this current takes 
to fall to 60% of its initial value. 

[Ans. (a) 4-5 A (b) 0-255 s] 


Type! B. On Growth and Decay of chargein CR-circult 


10. 


11. 


12. 


13. 


A charged capacitor of capacitance 40 pF is discharged 
through a 50 Q resistor. Determine the time constant of the 
circuit. (Text Problem) [Ans. 2 ms] 
A capacitor of 2 F is connected to 20 volt supply through 
1 megaohm resistance. How long will it take the capacitor 
to charge up to 63-2 % of its final charge ? Also calculate 
the maximum charge. [Ans. 2s, 4 x 10> C] 
A 0-18 yF capacitor is first charged and then discharged 
through a high resistance. If it takes 0-5 s for the charge to 
reduce to one fourth of its initial value, find the value of 
resistance. Use log, 4 = 1-386. [Ans. 2 x 10° Q] 
A capacitor of capacitance 0-5 yF is discharged through a 
resistance of 10 megaohm. Find the time taken for half the 
charge on the capacitor to escape. [Ans. 3-466 s] 
A capacitor of capacitance 0-1 mF and resistance of 
10 megaohm is charged to a certain potential and then 
insulated. Find the time that the potential will take to 
fall to half its original value. [Ans. 693-15 s] 
A capacitor charged to 10 V is being discharged through 
a resistance R. At the end of 1 s, the voltage across the 
capacitor is 5 V. What will be the voltage after 2 s ? 

(C.B.S.E. 1997)[Ans. 2-5 V] 


Type’ C. On Energy stored in acapacitor and Inductor 


15. 


16. 


A capacitor having capacitance of 1 F is charged with 
0:01 coulomb of electricity. How much energy is stored in 
it ? [Ans. 50 J] 
Three series capacitors of capacitances 2:0, 3-0 and 6-0 pF 
are charged by a 60 volt battery. Find the energy of the 
stored charge. [Ans. 1-8 x 10° J] 
A coil has inductance of 5 henry and resistance 20 ohm. 
An e.m.f. of 100 volt is applied to it. What is the energy 
stored in the magnetic field, when the current has reached 
its final steady value ? [Ans. 62:5 J] 


Type D. On LC-osciillations 


A coil of inductance of 0-4 millihenry is connected to a 
capacitor of capacitance 400 pF. To what wavelength is the 
circuit tuned ? [Ans. 753-77 m] 


3 
Time constant = — or  2x1072 5x . 
-3 
or sno y =2.5Q 
2x10 
N ‘a SER 
OW, 7 
When the circuit is just switched on, I = 0 
A abe Win = 750 As“! 


to a coil of inductance 1 henry aid resent e 10 ohm. 


19. 


20. 


21. 


Pa 


23. 


SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FOR PRACTICE 


3. 


inductance of 100 yH and a capacity of 0-01 F. To whic 
wavelength, its response will be maximum ? For how long 
the oscillations will continue ? 
[Ans. 159-15 kHz, 1884-96 m ; 00 ] 
A capacitor of 10 microfarad is connected in series with a 
resistance of 2-2 x 10° ohm. Determine the time constant 
for the circuit. Can we think of oscillations in this circuit, 
such that the frequency is equal tothe inverse of the time 
constant ? Justify your answer with proper explanation. 
. [Ans. 2:2 s,;No] 


MISCELLANEOUS PROBLEMS - 


Two resistances, one of 100 Q and another of 200 Q and an 
inductance of 10 H are connected to 3.V battery through a 
key K as shown in Fig. 2.15. On closing the key, what is the 
initial potential drop across the inductance ? 

(H.S.S.C-E. 2001) [Ans. 1 V] 


L=10H 


R, =200 Q 


1} -—* 
3V 


Fig. 2.15 

Asolenoid has an inductance of 10 henry and a resistance 
of 2 ohm. It is connected to a 10 volt battery. How long will 
it take for the magnetic energy to reach 1/4th of its 
maximum value ? (LLT. 1996) [Ans. 3-47 s] 
A 20 uF capacitor is charged to 30 V of potential. The 
battery is then disconnected and a 200 mH of coil is 
connected across it, so that LC oscillations are set up. 
Calculate the frequency of the oscillations set up and the 
maximum current in the coil. [Ans. 79-6 Hz, 0-3 A] 
An inductor of inductance 2-0 mH is connected across a 
charged capacitor of capacitance 5-0 yF and the resulting 
LC-circuit is set oscillating at its natural frequency. Let q 
denote the instantaneous charge on the capacitor and I the 
current in the circuit. It is found that maximum value of 
charge on the capacitor is 200 pC. 


dl 
(a) When g = 100 nC, what is the value of a ? 


(b) When q = 200 nC, what is the value of I? 

(c) Find the maximum value of I. 

(d) When I is equal to one half its maximum value, what 
is the value of |q| ? (LLT. 1998) 


[Ans. (a) 104 As! ; (b) 0; (c) 2:0 A; (d) 173-2 pC] 


(i) Rate of increase of current at the instant of closing the 
switch, 


(ii) Now, 1=Ip|1-e L 


Therefore, at t= =, 


-R_L 
—_ x — 
l=Ip}1-e RB |=1,-e) =0-6321, 


10. 


11. 


oer ee 6-32 A 


R 20 


Therefore, rate of increase of current at t= E 7 


dl E-IR 200-—6-32 x 20 
= = =147-2As1 


dt L 0-5 
(a) Now, Cees A 
Re 20) 
(b) Proceed as in problem no. 3. 
Proceed as in solved problem 2.02 (ii) 
ty E Lay 
Now, I=Ig|1—e | or Lie 1-24 
6 3 
1 3 6x10 
or 1-0=2 paced tO or e 84 =0°5 
6x10° 
6x10 
or 84 =2 or t=log, 2 
e 8-4 Se 
8-4 8-4 x 2-3026 x 0-3010 
or t= \ 233026 1loc79 2 = —— es 
10° he 6x 10° 
=9-7x 10s 


K, _ 200. 
(a) Now, I=Ipe & or I=10e 10 
or 1=10xe°8 or I[=10x045=45A 


60 nat 
(b) Now, Ip X——-=Ipe 19 or e?! = 1-667 
100 


or 2 t = log, 1-667 or 


or t= ; X 2:3026 x 0-2219 = 0-255 s 


Time constant = C R = 40 x 10% x 50 =2 x 10% s=2ms 
vacate 
Now, 7=%|1-e ©® 


t=5% 2- 3026 logy 1-667 


1 


re ee: 
go X 63-2 2x 1076 x 10° 


=q|1—e 
100 


t cae 
or 0:632=1-e 2 or e€ 2=1—0-632 =0-368 
t 
or ez= 


=2:717 or log, 2-717 
368 2 


or t=2 x 2:3026 log), 2:717 = 2 x 2:3026 x 0-434=2s 
Also, maximum charge on capacitor, 

Gy=CE =4x10°C 
Aliter. The capacitor will charge to 63-2% of its final value 


in a time equal to CR ie. 2 x 10 x 10°=2 
1 


————F ST Sw 
Now, q=qe CR ne 40 = gy € 0-18x 107° xR 
4 
2:78x 10° 6 
ars 2:78 x 10 
ove FR 24 ori. ————=log,4 
6 6 
/8X */8X 
or pie AeA, eo 108 


Proceed as in problem no. 10. 


yes 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


7A Ne 


1 
4%. CR 
Gee G 

cally, 

or V=Ee CR 


eet 
Now, 7 = 40 @ CR or 


Proceed as in problem no. 10 to find t by taking V = =. 


1 1 
Now Vome ce, or 5=10e CR 
ee 
or e CR=0:5 
Voltage after 2 s is given by 
me 


1 
ee) plies 
V=0e R =10xle R| =10x(0-5)2= 25 V 


2 2 
90 (0-01) 
Now Ue = ene 
ad 26 oxi 2) 
“Pes die | iol | 
Now, Leese eteeett oon! 


CoCr, 1c, 20, 30 1780 
or Gon 1ph= 10°F 

U=5C, Fe = 5x 10° x (60)? = 18 x 10) 
E_ 100_ 


Now, Ib) =—=——=5A 
R20 
U=FL yr = 5 x5x6)= 625) 
Here, L = 0-4 mH = 0-4 x 10°H; 


C = 400 pF = 400 x 10°17 F 


1 
Now, f ==—== 
22 JLC 
$n 1 
2a 0-4 x 10-° x 4000 x 107? 
1 
= —_______; = 3-98 x 10° Hz 
22x 40x10 
Cc 3x 10° 
A= — =~ = 753-77 m 
f  3:98x«10 


Proceed as in problem no. 17. 
The oscillations will continue for infinitely long time, 
provided the circuit is non-resistive. 
Time constant = C R = 10 x 10 x 2:2 x 10° =2-2s 
ACR-circuit can not produce oscillations. 
On closing the key, initially no current flows through 
inductor. Therefore, current will flow through the series 
combination of R, and R, and is given by 
I= Ee ele eatOT Ay 

R, +R, 100+ 200 

Potential drop across L = potential drop across Ry 
=I R, =0-01 x 100=1V 

Here, L=10H;R=2Q andE=10V 


; ; 1 
Maximum energy stored in the capacitor, Ujay = 3 LI)” 


Let I be the current, when energy stored in the capacitor 


1 j 
will become rhe of its maximum value 2.e. 


Deere Lia i,- 5 
—LI*=—|-—LI rte) cee Oy 
2 (3 | ore] par 25A 


pd. 


233 


2 
t gpa: 
Now, I=Ip|/1-—e © or 2-5=5|1-—e 10 


or (1 — ¢02#) = i or ¢%2f=0.5 


or ee or 0-2t=log,2 
pat Blogs ae ty 3026 x logig 2 2°3026 x 0-3010 
2 0-2 0-2 
= 3-47 s 


To find frequency of oscillations, proceed as in problem no. 
17. It can be obtained that 
f= 79-6 Hz 
During LC-oscillations, charge on capacitor at any instant, 
4 = 4) cos wt ' 


Now, t= FF og cos wt) = qy (—sin wt) w 


=—q,o sin wt 
Therefore, maximum value of current, 
1, = 9) @ =CEx 2 af =20 x 10% x 30 x 20 x 79-6=0-3A 
Here, L = 2:0 mH = 2 x 103H;C=5-0 uF =5x 10°F 


N w=2n f= d 
ow, The 
1 


= 104 rad s“! 


2x10°x5x10 °° 


Now, charge on capacitor at any instant during LC- 
oscillations, 


4 = Jy Cos wt .--(i) 
= sp ere tat wii) 
dt cae 
dl ! w 
and —=—4q * cos wt .-(iii) 


dt 


ie) 
(a)To find 7 Pie hen q=100uC: 


Setting q = iG HC and qy = 200 uC in equation (i), we hav 
100=200coswt or coswt=0-5 


Now, a = 9 w” cos wt 


Here, 4, = 200 uC = 200 x 10°C, w = 104 rad s} 
and cos wt = 0-5 


(in magnitude) 


o- 200 x 10-° x (104)? x 0-5 =104 As 


(b) To find I, when q = 200 uC: 
Setting q = 200 uC and q, = 200 uC in equation (i), we hav 
200 = 200 cos wt or coswt=1 or wt=0° 
Now,I=q)@sinwt (in magnitude) 
I = 200 x 10 x 10* sin 0° =0 
(c) To find maximum value of I: 
From equation (ii), maximum value of I is given by 
1,=4)@ (in magnitude) 
= 200 x10 x 10#=2A 
(d) To find q, wnen I= 1/2: 
Now,I=4q,@sinwt (in magnitude) 


Setting 1=2 or = we have 


We = qo w sin ot or sinwt=05 or wt=30° 
Now, 4 = qo cos wt 
q= 200 « 10-660 30° = 200 x 10-6 0866 


= 173-2 x 10° C = 173-2 uC 


gw 3.01. ALTERNATING CURRENT AND E.M.F. 
The electric current, whose magnitude changes with time and direction reverses 
iodically, is known as alternating current. 
The electric mains supply sends current in a circuit, which may be represented 
a sine or cosine function of time. Therefore, the instantaneous value (value at any 
1e t ) of alternating current is given by 
I=], sin ot ...(3.01) 
or I=1) cos ot, ...(3.02) 
rere I, is called current amplitude or peak (maximum) value of alternating current. 
T is time period of alternating current and f its frequency, then 
o= s = Qf 
It may be pointed out that instantaneous value of alternating current can be 
presented by equation (3.01) as a sine function or by equation (3.02) as a cosine 
nction of time t. Both the representations lead to the same result. Fig. 3.01 shovs 
e instantaneous current I and current amplitude I), when the equation (3.01) is 
ed to represent alternating current as a sine function of time. On the other hand, 
g. 3.02 represents I and I), when equation (3.02) is used to represent alternating 
irrent as a cosine function of time. 
Similarly the e.m-f. (or voltage), whose magnitude changes with time and direction 
verses veriodically is known as alternating emf. 
The instantaneous value of alternating e.m.f. may be represented by 
E=E, sin wt ...(3.03) 
or E = E, cos wt ...(3.04) 
Since alternating current varies continuously with time, its effect is measured 
y defining either the mean value (or average value) of a.c. or by defining root mean 
quare value (or virtual value) of a.c. 
mm 3.02. MEAN OR AVERAGE VALUE OF A.C. 
It is that steady current, which when passed through a circuit for half the time period 
f the alternatine cui rent, sends the same amount of charge as is done by the alternating 
urrent in the same ‘ime through the same circuit. 
It is denoted ty I ,, or I,. 
Relation betv. een mean value and peak value of a.c. The instantaneous value 
f a.c. in a circuit is given by 
I=], sin wt 
The alternating current continuously changes with time. Suppose that the 
ur-ent through the circuit remains constant for an infinitesimally small timedt. Then, 
he small amount of charge that will pass through the circuit in time dt is given by 
dq =\dt 
or dq = 1, sin wt dt 
The amount of charge that will pass through the circuit in time T/2 (half time 
yeriod of a.c.) can be obtained by integrating the above equation between the limits 


‘=Otot=T/2 te. 


T/2 ly 2! elie T/2 I oe 
q= J Jo sin wt dt =1, | sin wt dt =I | — =-— "| cos wt |, 
0 0 0 
2 |r Lal 
een ee ere atl ee 2 | cos a -cos0|=->—I-1-11 
Wer er Male Jia oe ie 20 20 


543 


Alternating Currents 


3 1/4 


Fig. 3.02 


eygire iii Bie 
or q=— 


1 
If I, is mean value of a.c., then by definition 
T 


q=1n - 4 ...(3.06) 
From equations (3.05) and (3.06), we have 
Pr oe 
MF ia GORD Wp 
2, 
or la = te =0-6361, ...(3.07) 


Thus, the mean or average value of alternating current during a half cycle is 
0-636 times (or 63-6% of) its peak value. Similarly, it can be proved that mean value 
of alternating e.m.f. is 

2E, 
Em = ac 0-636 Ey .-.(3.08) 

During the next half cycle, the mean value of a.c. will be equal in magnitude 
but opposite in direction. For this reason, the average value of a.c. over a complete 
cycle is always zero. It may be noted that as the average value of a.c. over the 
complete cycle of a.c. is zero, it is always defined over a half cycle of a.c. 


Ml 3.03. ROOT MEAN SQUARE (RMS) ORVIRTUAL VALUE OF A.C. 

It is that steady current, which when passed through a resistance for a given time will 
produce the same amount of heat as the alternating current does in the same resistance and 
in the same time. 

It is denoted by I, or I,. 

Relation between virtual value and peak value of a.c. The instantaneous value 
of a.c. passing through a resistance R is given by 

I =], sinwt 

The alternating current changes continuously with time. Suppose that the 
current through the resistance remains constant for an infinitesimally small time dt. 
Then, small amount of heat produced in the resistance R in time dt is given by 


dH =I? R dt (Ip sin wf)? R dt =1)2 R sin? wt dt 
The amount of heat produced in the resistance in time T/2 (half time period) can 
be obtained by integrating the above equation between the limits t=0 tot= T/2i.e. 


AQee T/2 T/2 - 
n= [ 1,2 R sin? wt dt=1,2 R J sin2 wt dt=1,7 R J eee 
T/2 T/2 
je Gy 
on aH | dt — | cos 2 wi dt ...(3.09) 
2 0 
T/2 
Now, J a=|e?=2-0-2 
0 2 2 
0 
T/2 pe - : 
and | cos 2.0t dt= ey red _ is 2 Dat aah 0 
2 2 3 IRs pa T 


6 
=—_|sin x-sin0|=—|0-0|=0 
2@ 2 ' 


Substituting the values of the two integrals obtained above in equation (3.09), 


we have 
2 2 
Hs ig & @ fe 0} UA fi ...(3.10) 
2 2 2 2 
If I, is virtual or r.m.s. value of a.c., then by definition, 
ib 


H=I,7R. = ..(3.11) 


= 0-707 I, (3.12) 


or i = 


nl 


Thus, the r.m.s. or virtual value of a.c. is 0-707 times ( or 70:7 % of) its peak value. 
imilarly, it can be proved that virtual value of alternating e.m-f. is 


B, = £2 =0-707 Ey (3.13) 


V2 
The rms. or virtual value of a.c. is same even for a complete cycle of a.c. This 
.ct is made use of to construct hot wire instruments for measuring currents and 
oltages. Such ammeters and voltmeters record virtual values of alternating current 
nd voltage Oni 


ly. 
ge 3-04.PH SORS AND PHASOR DIAGRAM 


We know that displacement of $.H.M. varies sinusoidally with time and its 

nstantaneous value is given by 
y=rsin wt 

Further, the instantaneous value of the displacement (y) is equal to the 
rojection of the amplitude (r) on Y-axis. 

In an a.c. circuit, the e.m-f. and current vary sinusoidally with time and may 
ye mathematically represented as 

E=E,sin ot (3.14) 

and [=1, sin (ot + 9) A E74 Es) 

Here, ¢ is the phase angle between alternating e.m.f. and current. 

Therefore, instantaneous values of alternating e.m.f. (E) and current (I) may 
se considered as the projections of e.m.f. amplitude (E,) and current amplitude (I) 
espectively. 

A quantity, which varies sinusoidally with time and represented as the projection of a 
rotating vector, is called a phasor. 

Therefore, the quantities, such as alternating e.m.f. and alternating current, may 
be called phasors. 

The diagram, representing alternating e.m.f. and current (phasors) as the rotating 
vectors along with the phase angle between them, is called phasor diagram. 

Let us draw phasor diagram for an a.c. circuit, in which e.m.f. and current vary 
according to the equations (3.14) and (3.15) as given above. 

Draw two circles I and II of radii E, and I, (to the scale) respectively as shown 


— — 

in Fig. 3.03. Let ZAOX = wt and ZBOX = (wt + @). Then, OA and OB represent 
rotating vectors having magnitudes E, and I, (the peak values of alternating e.m.f. 
and current) rotating in anticlockwise direction with the same angular frequency 
w. Further, the projections OM (= E) and ON (= I) represent the phasors 
(instantaneous values of alternating e.m.f. and alternating current respectively) and 
the Z BOA =¢ represents the phase angle, by which the phasor I (alternating current) 
leads the phasor E (alternating e.m.f.). Fig. 3.03 is called phasor diagram for the 
alternating e.m.f. and current in an a.c. circuit, in which e.m.f. and current vary as 
given by equations (3.14) and (3.15). This phasor diagram may be simply represented 
as shown in Fig. 3.04. When one is interested only in the phase relationship, the phase 
diagram may be SE OUGK as shown in Fig. 3.05. 


gam 3.05. A.C. THROUGH A RESISTO 
Consider that a pure ohmic resistor of resistance R (zero inductance) is 
connected to a source of an alternating e.m-f. [Fig. 3.06]. 
Let the instantaneous value of alternating e.m.f. be given by 
E=E) sin ot ...(3.16) 
Now, the instantaneous e.m-f. due to source 
= instantaneous value of potential drop across the resistance 
If I is the current in the circuit at that instant, then 
E 


heme bird or [=— 
R 


 prekncammememat TH FOS SS ay 


MES RELATE TSI SOE 


Substituting for E, we have 
[= Eo sin ot 
R 


Now, =],, the peak value of alternating current in the circuit. Therefore, 


I=], sin wt «(3.17) 
The equation (3.17) gives the instantaneous value of alternating current in the 
circuit containing R. From equations (3.16) and (3.17), it follows that the alternating 
current is in phase with the e.m.f., when a.c. flows through a resistance. This fact is 
graphically represented as shown in Fig. 3.07. 
Fig. 3.08 is the phasor diagram for alternating e.m.f. and current given by 
equations (3.16) and (3.17). As E and I are in phase with each other, both the phasors 
representing E and I have been drawn so as to make angle wt with OX. 


gag 3.06. A.C. THROUGH AN INDUCTOR 


Consider that a pure inductor of inductance L (having no ohmic resistance) is 
connected to a source of an alternating e.m.f. [Fig. 3.09]. 
Let the instantaneous value of alternating e.m.f. be given by 


E=E, sin wt ...(3.18) 


If lis the current through the circuit and al , the rate of change of current in the 
t 
circuit at that instant, then the instantaneous induced e.m.f. produced across L, 
e=-L— 
dt dl 
Therefore, total instantaneous e.m.f. of the circuit = E+ ¢=E+ (- L *) 


Now, total instantaneous e.m-f. in the circuit 
= instantaneous potential drop across the circuit elements of the circuit 
Since there is no circuit element across which potential drop may occur, 


pu 
E 0 
(- aE 


E E 
dl =~ dt=—* sin wt dt 


or 
or Ja-" [sin ot dt 
acs ¢ 

or pee be eel gure parities, vate en wise 

LE o oL ol 2 


[es sin (wt— 2/2) =sin {— (ayr= ot)} =—sin (7 /2-wt)=-—cos ot] 
Now aL has got units of resistance and it is called reactance of inductor or 
inductive reactance. \t is denoted by X,. Therefore, 


1= £2 sin(ot-4) 
Xx ja 


L 
= I), the peak value of alternating current in the circuit. 


l=Iy sin( ot" 
2 


E 
Further, —* 
u uy 


Therefore, ...(3.19) 


The equation (3.19) gives the instantaneous value of current in the a.c. circuit 


containing L. From equations (3.18) and (3.19), it follows that the alternating current 
lags behind the e.m.f. by a phase angle 2/2 (or e.m.f. leads the current by a phase 
angle /2), when a.c. flows through an inductor. This fact is graphically represented 
as shown in Fig. 3.10. 


Let us now draw phasor diagram, when a.c. flows through an inductor. The — 
phasor representing E is drawn so as to make an angle wt with OX in anticlockwise — 
direction. As current lags behind the e.m.f. by phase angle 7/2, the phasor ~ 


representing I has been drawn so as to make angle 2/2 in clockwise direction with 
the phasor representing E,, [Fig. 3.11]. 
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It may be pointed out that 
(i) the peak value of alternating current, I, = =k 
L 
(ii) the inductive reactance X, (= w L = 2 mf L) is zero for dic. (f = 0) and has 
nite value for a.c. In other words, an inductor offers an easy path to d.c. and a resistive 
h to ac. 
m™ 3.07. A.C. THROUGH A CAPACITOR 
Consider that a capacitor of capacitance C is connected to a source of an 
ernating e.m.f. as shown in Fig. 3.12. Let the instantaneous value of alternating 
n.f. be given by 
E = E—) sin wt ...(3.20) 
Let I be current in the circuit and q be the charge over the capacitor at that 
stant. Then, the instantaneous potential difference across the capacitor = “ 
Now, the instantaneous e.m.f. due to source 
= instantaneous potential difference across the capacitor 


Therefore, nee 
ci 
or g=CE=CE,sinot 
Differentiating both sides w.r.t. t, we have 
dqg_d 
— =— (CE, sin wt 
dts \dtor on 
or I=CE, (cos wt) (w) = 7 S G cos wt 
or T= Fo ot +o [-. sin (wt + 2/2) = cos wt | 
1/wC 2 - 


Now, 1/ C has got units of resistance and is called reactance of capacitor or 
pacitive reactance. It is denoted by Xc. Therefore, 


1=F0 sin{ ot +) 
Kn 2 


E 
Further, re =I), the peak value of alternating current. Therefore, 


I=I, sin (ors) (3.21) 


The equation (3.21) gives instantaneous value of current in an a.c. circuit 
ntaining C. From equations (3.20) and (3.21), it follows that the alternating 
irrent leads the e.m.f. by phase angle 2/2 (or e.m.f. lags behind the current bya 
nase angle 2/2), when a.c. passes through a circuit containing capacitor. This fact 

graphically represented in Fig. 3.13. 

Let us now draw phasor diagram, when a.c. flows through a circuit containing 
pacitor. The phasor representing E is drawn so as to make an angle wt with OX 
anticlockwise direction. As current leads the e.m.f. by phase anglev/2, the phasor 
presenting I has been drawn so as to make an angle z /2 in anticlock-wise direction 
ith the phasor representing E [Fig. 3.14]. 

It may be pointed out that 

(i) the peak value of the alternating current, Ip = = 

is 


pV odlebad 
eC o2a fC 
as a very small value for a.c. In other words, a capacitor serves as a block for d.c. and 
fers an easy path to a.c. 


me 3.08. A.C. THROUGH LR-SERIES CIRCUIT 

Consider that a source of an alternating e.m-f. is:connected to a series 
ombination of an inductor of inductance L and.a_-resistor of resistance Ras‘ shown 
1 Fig. 3.15. 


(ii) the capacitive reactance [xc = is infinite for dic. (f ='0) and 


Fig. 3.12 


_The capacitor reactance decreases, as 


frequency of a.c. source is increased. 
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Let E and I be the instantaneous values of e.m.f. and current in the LR-circuit 
and V,; and Vp be instantaneous values of the voltages across the inductor L and 
the resistor R respectively. Then, 

V, =1X, and Vp=IR 

Here, X; = w Lis reactance due to the inductor. 

In order to find the relation between E, V; and Vp, let us draw phasor diagram 
for the current and voltages as explained below : 

We know that when a.c. flows through a resistor, the voltage and the current _ 
are in phase with each other. Likewise, the phasorsVp (voltage across R) and 
V,(current through R) are represented along OX [Fig. 3.16]. 

Further, when a.c. flows through an inductor, voltage leads* the current by 
phase angle 2/2. Since current through inductance L is also I and has been 
represented along OX, the phasorV, (voltage across L) leading I by phase angle 
1/2 is represented along OY. 

If OA and OB represent magnitudes of the phasors Vp and V, respectively ; 
then OC, the resultant of OA and OB, represents E. Thus, from right angled AOAC, 


we have 
OC = JOA? + AC? = OA? + OB? 
or E=Vp?+Vy2 


Substituting for Vp and V; , we have 


EB =4/(1R)2+ X,)2 =1fR2 + Xz2 
‘ose ah i. E 
RAKE vel? 4 22 


The effective opposition offered by the series combination of Land R to a.c. is 
called impedance of LR-circuit. If Z is impedance of LR-circuit, then 


iat sehS2) 


or Nae) 


Z 
From equations (3.22) and (3.23), we have 


Z= {R2 +X,7 = {R? a cre Key point ws 


The equation (3.24) gives the impedance of LR-circuit. In LR-circuit, the value of phase angle (¢) 
From the phasor diagram, it follows that in L R-circuit, e.m.f. leads the current between current and e.m_f. can be 
by phase Z COA = #¢ (as angle is traversed in anticlockwise direction). From right 0<¢@<a/2 
angled A OAC, we have 
OAL Ve LB 
L 
or tang= BAN «.(3.25) 
VR" PR 


The equation (3.25) gives the phase angle ¢, by which alternating e.m-f. 
leads the current in an L R-circuit. 
gag 3.09. A.C, THROUGH CR-SERIES CIRCUIT 

Consider that a source of an alternating e.m.f. is connected to a series 
combination of a capacitor of capacitance C and a resistor of resistance R as shown 
in Fig. 3.17. 

Let E and I be the instantaneous values of e.m.f. and current in the CR-circuit 
and V.and Vz be the instantaneous values of voltages across capacitor C and the — 
resistor R respectively. Then, 

Vc=lXe. and - VpsIR: 

Here, Xc = w Lis reactance due to the capacitor. Chet 

In order to find relation between E, Vc and Vr,letusdraw.the phasor diagram. ~ 
for the current and voltages as explained below : 


*or the current lags behind the current voltage by phase angle 7/2. Ove afans sees ve 2 ens off abasleacius « 


We know that when a.c. flows through a resistor, the voltage and the current — 
re in phase with each other. Likewise, the phasors Vp (voltage across R) andI 
urrent through R) are represented along OX [Fig. 3.18]. 

Further, when a.c. flows through a capacitor, voltage lags behind* the current 
y phase angle 2/2. Since current through the capacitor C is also I and has been 
~presented along OX, the phasor Vc (voltage across C) is represented along OY’. | 
‘OA and OB represent the magnitudes of the phasors Vr and Vc respectively ;then — 
YC, the resultant of OA and OB, represents E. From right angled A OAC, we have 


Oe = OAT WAC? = JOA? + OB" 
or E=Vp? + Vc? 


Substituting for Vp and V.., we have 


B= UR)? + (Xe)? =1 yR? + Xc? 
malar frexuency 0 E 
YR eX ike rl pw 


The effective opposition offered by C and R to a.c. is called impedance of C R- 
ircuit. If Z is impedance of C R-circuit, then 


rE 8.27) 


Wh OS : 
In CR- 
From equations (3.26) and (3.27), we have b Ne A nine a a a ee oe @) 


Za JR? +Xc2-= R2 +1/ °C? (3.28) melee ms 


The equation (3.28) gives impedance of C R-circuit. 

From the phasor diagram, it follows that in C R-circuit, the alternating e.m.f. 
lags behind the current by phase 2 COA = ¢ (as angle ¢ is traversed in clockwise 
jirection). From right angled A AOC, we have 


sz49.20) 


or 


Bene Wein lXe 
DAweVave IR 
Xe 1/aC 
tan o= = = —— 2229 
or an p . 5 (3.29) 


The equation (3.29) gives the phase angle ¢, by which alternating e.m.f. lags — 
behind the current in a C R-circuit. 
ge 3-10. A.C. THROUGH LCR-SERIES CIRCUIT 

Consider that a source of an alternating e.m.f. is connected to a series 
combination of an inductor of inductance L, a resistor of resistance R and a capacitor 
of capacitance C as shown in Fig. 3.19. 

Let E and Ibe the instantaneous values of e.m.f. and current in the LCR-circuit; 
and V,,Vc and Vp be the instantaneous values of the voltages across inductor L, 
capacitor C and resistor R respectively. Then, 

V, =1X; Vo=IXe and Vp=IR 

Here, X,=oL and Xc = 1 /wC are reactances due to inductor and capacitor 
respectively. 

In order to find the relation between E, V;, Vc and Vp, let us draw the phasor — 
diagram for current and voltages as explained below : 

In an a.c. circuit containing R only, Vp and J are in phase with each other. 
Therefore, both the phasors Vp and I are represented along OX [Fig. 3.20]. 

In an a.c. circuit containing L only, V,, leads I by phase angle x /2and likewise — 
the phasor V,, is represented along OY. 

Finally, in an a.c. circuit containing C only, Ve lags behind I by phase angle 
m/2. Therefore, Vc is represented along OY ’. joes oe 

Suppose that OA, OB and OC represent the magnitidesof the phasors Vp ', Bs 
V,, and V¢ respectively. AM 
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*or the current leads the e.m.f. by phase angle 77/2. =\F Strats 
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In case V; > Vc (as shown in figure), then OD represents V, = Vo) the resultant 
of V, and V¢. Finally, OE, the resultant of OA and OD represents E. Thus, from right 
angled A OAE, we have 


ob= Oa? + AB? = Joa? +0? 


or EB=/Vp? 4+ (Vp — Ve)” 


Substituting the values of Ve, Vi and Vc, we have 


Bayh)? SOR X¢)2 ey Rae Koerer 


ae meade 01, IO (3.30) 


JROOG exes 


The effective opposition offered by L, C and R to a.c. is called impedance of 
LCR-circuit. If Z is impedance of LCR circuit, then 


ia pis he 8) 


Z 
From equations (3.30) and (3.31), we have 


Z=R? +(X, -Xc)? = {R? +(wL-1/@C)y (3.32) 


The equation (3.32) gives impedance of LCR-circuit. 

From phasor diagram, it follows that in LCR-series circuit, E leads I (in case 
V,.> Vc or X;, > X-) by phase angle ¢ (as the angle ¢ is traversed in anticlockwise 
direction). From right angled A OAE, we have 

ian p aoe eA Sr Es 
OA VR IR 
Xi -Xc _ wL=-1/aC 
R R 

The equation (3.33) gives the phase angle , by which alternating e.m.f. leads 

the current (in case X; > X-) in an LCR-circuit. 


or tan d= (Oop 


Let us study the phase relationship between current and e.m.f. in LCR-series 
circuit in the following cases : 

(i) When w L > 1/wC : From equation (3.33), it follows that tan ¢ is positive i.e. 
@ is positive (between 0 and 2/2). Hence, in such a case, e.m.f. leads the current. 

(ti) When w L<wC: From equation (3.33), it follows that tan@ is negativei.e. is 
negative (between 0 and —7/2). Hence, in such a case, e.m.f. lags behind the current. 

(iii) When wL = wC : From equation (3.33), it follows that tan @ is zero i.e. @ is 
zero. Hence, in such a case, current and e.m.f. are in phase with each other. 

In fact, when wL = wC, the impedance of the circuit becomes just equal to R 
(minimum). In other words, the LCR-series circuit will behave as a purely resistive 
circuit. Due to the minimum value of impedance (equal to R), the current in LCR- 
series circuit will be maximum and this condition is known as resonance. 
ma 3.11. RESONANCE IN LCR-SERIES CIRCUIT (Series resonant circuit) 

When an alternating source of e.m.f. is connected across the series combination 
of L,C and R, the current lags behind the e.m.f. (in case X; > Xc) by phase angle ¢, 
which is given by 
SoL—l/ aC 


tan d 


Here, w is the angular frequency of the a.c. source. Further, the impedance of 
the LCR-circuit is given by ms 


Z=R? +(wL-1/ocy 
The instantaneous value of current in the LCR-circuit is given by . 
Z JR? +@L-1/HC) 


I 


o 


a Ris imitans Jj 
SQniand shIStTID of 


In LCR-circuit, the value of phase angle 
(~) between current and e.m.f. can be 
, Sm/2<paR2 


Tt follows. in addition to the values of the circuit elements R, L and C, the 
‘m.s. value of current in the LCR-circuit depends upon the angular frequency 
f the a.c. source. It is because, the values of inductive and capacitive reactances 
e. @ Land1/ C change with change in the angular frequency © . When w is low, 
nductive reactance w L is low but capactive reactance 1/w C is high. As the value 
fw is increased ; the inductive reactance increases, while the capacitive reactance 
jecreases. At a particular value of the angular frequency of the a.c. source, say Wo, 
he inductive reactance and capacitive reactance will become just equal to each 
other 7.¢. 

@) L=1/@pC .(3.34) 
When it happens so, i.¢. @ = Wy the impedence of the LCR-circuit is given by 


Z (at Wp) = HRS + (@o L-1/@,C) 


or Z(atw,) =R be @,) L=1 / @C) 

Thus, when angular frequency of a.c. source is equal to 5, the impedance of 
the LCR-circuit is minimum i.e. merely equal to the ohmic resistance of the circuit. 

Also, when @ = @y, it follows that the value of current in LCR-circuit i.e. 


I (at w)) =~ | ... (3.35) 
R 


ie. when angular frequency of a.c. source is equal to @o, the rm.s. value of current 
in the LCR-circuit becomes maximum. 

A series LCR-circuit, which admits maximum current corresponding to a particular 
angular frequency w, of the a.c. source, is called series resonant circuit and the angular 
frequency w, is called the resonant angular frequency. 

Thus, in a series LCR-circuit, when the angular frequency of the a.c. source is 
equal to resonant angular frequency @p, impedence of the circuit becomes minimum 
and the rm.s. value of current in the circuit becomes maximum. The equation (3.34), 
which gives the resonant angular frequency, is called condition for resonance in the 
LCR-circuit. 

From equation (3.34), we have 


il 

Mo = —==_ ...(3.36) 
wldoke 
If f, is the resonance frequency corresponding to resonant angular frequency 

@,, then 
Roya re 
2 2 iG 
When the resonance takes place in a series LCR-circuit, the following is found 

to hold for the circuit : 


1. Atresonance, @j) L=1/ WC and therefore tang and hence¢ becomes zero. 


i(3;37) 


Thus, when resonance takes place in series LCR-circuit, the current and e.m.f. are 
in phase with each other. 
2. The impedance of the series LCR-circuit becomes minimum i.e. equal to R. 
3. The current in the series LCR-circuit attains a maximum value, which 
depends only on the ohmic resistance of the circuit. 


ME 3.12. QUALITY FACTOR AND SHARPNESS OF RESONANCE 

At resonant frequency w, , the current in the LCR-series circuit becomes 
maximum. Fig. 3.21 shows the variation of the current amplitude with the angular 
frequency of the a.c. source for three different values of resistance R (the values of 
Land C are same in the three cases). It follows that the current versus frequency 
curve is quite flat for a large value of resistance (R,) and becomes more and more 
sharp as the value of the resistance is decreased. Further, from these curves, it 
follows that when the resistance in the circuit is low, then with a little change in 


angular frequency, the current in the circuit changes by a large-amount in. 


When resonance takes place in LCR- 
circuit, 


i 
@ eb oC’ 
(ii) impedance of the circuit becomes 
minimum and is equal to R, 
(iii) current in the circuit becomes 
maximum and is equal to E/R ; and 
(iv) current and e.m.f. are in phase with 
each other. 


esl Sannin SSS cece 


comparison to that what happens in the case, wh 
high. In other words, if the value of resistance in the LCR-series circuit is very 
low ; then a large current flows, when angular frequency of the a.c. source is close 
to the resonant frequency w,. Such an LCR-series circuit is said to be more selective 
or more sharp. Therefore, for a sharp resonance in LCR-circuit, the ohmic resistance 
of the circuit should be low. 

The selectivity or sharpness of a resonant circuit is measured by Q-factor, called 
the quality factor. 

The Q factor or quality factor of a resonant LCR-circuit is defined as ratio of the voltage 
drop across inductor (or capacitor) to the applied voltage. Thus, 


ee Sess L (or C) (3.38) 


applied voltage 
When resonance occurs ; if I is instantaneous value of current through the 
circuit, then 
voltage across L, V; = 1X, Ao) 
Since at resonant frequency, applied voltage is equal to potential drop across 
R, we have 


applied voltage =I R .--(3.40) 
Using equations (3.39) and (3.40), the equation (3.38) becomes 
oe IXp _ @)L 
ce own as 
Since @, = ike we have 
a oy 
1 L 
= x — 
e LCR 
Lie} Ls 
or =— _/— ...(3.41) 
ee RVC 


It follows that Q-factor of LCR-series circuit will be large i.e. the circuit will have 
more selectivity or more sharpness, if R is low or L is large or C is low. 


Mag 3.13. POWER OF AN A.C. CIRCUIT 

In an a.c. circuit, both e.m.f. and current continuously change with time. 
Therefore, electric power (which is equal to product of voltage and current) can not 
be calculated as such. For an a.c. circuit, average power is calculated by defining 
the instantaneous power of the circuit. 

The instantaneous power of an a.c. circuit is defined as the product of the instantaneous 
e.m.f. and the instantaneous current in it. 

Suppose that the instantaneous e.m.f. and the current in an a.c. circuit are 
respectively given by 

E=E,sin wt 

and I=], sin (ot + @), 
where ¢ is the phase angle by which current leads the e.m.f. in the a.c. circuit. Here, 
E, and I, are peak values of e.m.f. and current respectively ; and 27/T, where T is 
period of a.c. : 

If we assume that the values of e.m.f. and current in the a.c. circuit remain 
constant for a small time dt, then small amount of electrical energy consumed is 
given by 

dW =EI dt=E, sin ot I, sin (wt + @) dt 
=E, 1, sin wt (sin wt cos @ + cos wt sin @) dt 


=E, |, (sin’ wt cos. @ +,.sin wt cos wt sind) dt (3.42) 
1= 2ot 
Now, cos 2 wt = 1-2 sin? wt or sin? wt = ee 


: f f sin 2 wt 
Also, sin 2 wt =2 sin wt cos wt or sin wt cos wt = ———— 


CURRENT AMPLITUDE ——> 


L&C FIXED © 
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ty 


oO t cos wt in equation (3.42), we have 


Tepes? wt : 
( cos 2@ Sn 2 sina 


dW =Ey Iq 


os @ + 


Be 
ae pcos 2a in? oie 2 wt) dt 


The electrical energy consumed in the circuit in time T (period of a.c.) can be 
stained by integrating the above equation between t = 0 to#=T i.e. 


i 
E, I 
W = |= (cos @ ~ cos $ cos 2 ot + sin g sin 2ut) dt 
0 


Tl it at 
Ey I 
or Miele s cos [at —cos¢ | cos 2t dt +sin @ | sin 2 ott 
0 0 
...(3.43) 
i T 
Now, far=|e| =T-0=T 
: 0 
af WD 
It can be shown that [os 2 wt dt= J sin 2 wt dt 
0 0 
Therefore, equation (3.43) becomes 
ER 
We : ° [cos @ (T) — cos ¢ (0) + sin  (0)] 
if ie 
or W= rooy cos d 
The average power of the a.c. circuit is given by 
Ww ELT dh. ja Eigal Ey! ok 
P= = 2 2 gos X= = —2 * tos 6 = 2 -—* cos 
av = Penn of ? ches: ? 
or Py =E, 1, cos g (3.44) 


The average power of an a.c. circuit is also called true power of the circuit. 
‘urther, the product E,, I, is called the apparent power or virtual power and cos 
; known as power factor. Thus, 

average power = apparent power x power factor 

Let us find the expression for average power in the following special cases : 

(i) A.C. circuit having R only. For such a circuit, ¢ = 0. 

Therefore, P,,, =E,1, cos 0=E, I, (1) =E, I, 

(ii) A.C. circuit having L only. For such a circuit, p = 2/2. 

Therefore, P,,, =E, 1, cosa/2=E, I, (0) =0 


(iii) A.C. circuit containing C only. For such a circuit =- 2/2 Key point | aa 
Therefore, P,,, = E, I, cos (- 2/ 2) =E, 1, (0) =0 When an a.c. circuit contains resistor only, 


its power is maximum. When an inductor 


oL iiaee ; : 
(iv) A.C. circuit containing L and R. For such a circuit, tan # = —— ; 50 that or acapacitor is connected in series to the 
R resistor, power of the circuit always 


cos ¢ = apse Pudiebalh decreases. © ; : 
R?2 rey iz 
R 
Pav = E,I,- [> eo 
R* + ofl 
1/woC 


(v) A.C. circuit containing C and R. For such a circuit, tang = ; so that 


R _1/@C ai ‘ he fis Me sy Tic) = = tardy yoy) 


of RF salen? Ce 


L-1/aC 
(vi) A.C. circuit containing L, C and R. For sucha circuit, tan @ = ee iee S 
so that 
tidy eee Re, 
yR? +(wL-1/@C) 
R 
Pa = E, I, 


[R2+(oL-1/@C)? 
Ml 3.14. WATTLESS CURRENT 

We know that average power of a.c. circuit is given by 

Pay = E, 1, cos $, 

where ¢ is the phase angle between r.m.s. value of e.m.f. and current in the a.c. circuit. 
Suppose that E,, leads I, by phase angle ¢ as shown in Fig. 3.22. It can be assumed 
that I, is the vector sum of two perpendicular components I, cos ¢ and I, sin @. 
Let us calculate power consumed due to each of the two components : 

(i) Since phase angle between E,, and L,, cos@ is zero, average power consumed 
in the circuit due to component I, cos @ is given by 

Py =E, (1, cos ¢) cos 0° = E, 1, cos @ 

(ii) Since phase angle between E,, and, sing isa/2, average power consumed 

in the circuit due to component I, sin ¢ is given by 


USE LR A Sa 


P.,.” =E, (ly sin $) cos = =0 


Thus, the average power consumed in a.c. circuit is wholly due to the 
component I, cos ¢ of the alternating current and the component I, sin @ does not 
contribute to consumption of power in the a.c. circuit. As the component I, sin ¢ of 
the current does not contribute to the power, it is called the idle or wattless 
component of a.c. 


Mg 3.15. ADVANTAGES AND DISADVANTAGES OF A.C. OVER D.C. 


Advantages. 1. The generation of a.c. is found to be economical than that of 


ie, 

2. The alternating voltages can be easily stepped up or stepped down by using 
a transformer. 

3. The alternating currents can be repisinled by using a choke coil without any 
significant wastage of electrical energy. 

4. The alternating voltages can be transmitted to distant places ata very small 
loss of the electric power. 

5. Further, a.c. can be easily converted into d.c. by using rectifiers. 

Disadvantages. 1. The a.c. supply is more fatal and dangerous than d.c. in 
terms of shock received due to them. 

2. The alternating current always flows on the outer layer of the wire. It is called 
skin effect. Therefore, for use in a.c. circuits ; instead of a single thick wire, the wire 
for its use on a.c. supply is prepared by putting a number of thin wires together. 
As such, the alternating current flows through all the wires and the skin effect is 
avoided. 

3. The alternating current cannot be used in electrolytic processes, such as 


electroplating, electrotyping, etc. 
SOLVED N UMERICAL PROBLEMS ge ra Sa NS ARES EAD Re A a ps, 


Type A. On Mean and R.M.S. Value of a.c. Sol. Effective virtual value of voltage, E, = 220 V; 
Problem 3.01. The electric mains in a house is marked frequency, f = 50 c.p.s. 
as 220 V, 50 c.p.s. Write down the equation for the instan- Now. peak value of voltage 


taneous voltage. 
E, =V2E5 sind 52= 311-08 ~ 311 V 


E=E,sin2aft=311 sin (27 x 50 t) 

or E = 311 sin 100 zt 

Problem 3.02. The equation of alternating current for 
circuit is given by 

I = 50 cos 100 at 

Find (i) frequency of a.c. applied (ii) mean value of 
rrent during positive half of the cycle (iii) virtual value 
‘current and (iv) the value of current 1/300 second after it 
as zero. 

Sol. The value of current in an a.c. circuit is given by 
[=], coswt=I,cos2aft 


Here, 1=50 cos 100 zt 
Comparing the two equations, we have 
2aft=1007¢t = Ad.) 
and I, =50A ... (ii) 
Using these equations, we have 
(i) F BOOM 2°55 
i) Frequency, f = pea ath C.p.s. 


(ii) Mean value of a.c. 
1, = 0-636 I, = 0-636 x 50=31:8A 
(iii) Virtual value of a.c., 
I, = 0-707 I, = 0-707 x 50 =33-35 A 
(iv) The value of current at time t (= 1/300 s) is given by 


1=50sin 100x7x —-=50sin ~=50 sin 60° 
300 3 


= 50 x 0-866 = 43-3 A 
fype B. On a.c. circuit containing resistor 
Problem 3.03. A sinusoidal voltage E = 200 sin 314 t is 
pplied to a resistor of 10 Q resistance. Calculate (i) r.m.s. 
value of the voltage (ii) r.m.s. value of the current, and 
iii) power dissipated as heat in watt. (C.B.S.E. 1998) 


Sol. Here, R=10 2 
Instantaneous value of voltage, 
E = 200 sin 314 t ..(1) 


But instantaneous e.m-.f. in a.c. circuit, 
E=E, sino t 
(i) Comparing the equations (i) and (ii), we have 


..-(it) 


E, = 200 V 
(ii) Therefore, r.m.s. value of voltage, 
B aieie200 ants 
Bo =—¢ == =1414V 
Para) Dy 12D) 
The r.m.s. value of current, 
I a0: = Lia 14-14A 
25. PRercuiig 4 = yt 


(iii) Average power dissipated as heat, 
P=, 1, = 1414x1414 = 2,000 W 

Type C. On a.c. circuit containing inductor 

Problem 3.04. A pure inductance of 1-0 H is connected 
across a 110 V, 70 Hz source. Find (a) reactance (b) current 
(c) peak value of current. (I.S.C,E., 1997) 

Sol. Here, L = 10H; E, = 110 V; f = 70 Hz 

(a) Now, X, =@ L=2afL 


=2x 22 x70 x 1:0 = 440.Q 
(b) Current through inductance, 4 


j ~, 110 
L =-—? =— =0-25A 
0” X; 440 


(c) Peak value of current, 
I, =¥2 1, =V2x0-25 
= 0-354 A 
Problem 3.05. The current through a coil of inductance 
2 mH is represented by I = 0-2 sin 200 ¢ ampere. Calculate 
the maximum value of the induced current. 
(PS.S.C.E. 2001) 
Sol. Here, L= 2 mH = 2 x 10° H; 
and I = 0-2 sin 200 t a) 
Theinstantaneous value of alternating currentis given by 
[=I sino t (it) 
Comparing equation (i) and (ii), we have 
4 w = 200 rad s} 
The inductive reactance, 
X, =@L=200x2x 10° =0-42 
The induced e.m-f. (in magnitude) produced in the coil, 
eee ak 10 x4 (0: 2sin 200 t) 
at dt 
= 2x 10x 0-2 x cos 200 t x 200 
= 0-08 cos 200 t 
Therefore, maximum value of induced e.m-f., 


€) = 0-08 V 
Hence, maximum value of induced current, 
2 9-8 L994 
X, .. 0:4 


Type D. On a.c. circuit containing capacitor 
Problem 3.06. Find the virtual value of current through 
a capacitor of capacitance 10 vE when connected to a source 
of 110 volt at 50 cycles supply. What is its reactance ? 
Sol. Here, C=10 pF =10 x 10° F ; f = 50 cycles sl; 
E,, = 110 volt ; 


Now, Xc= : = : Z 
2afC 2nx50x10x10" 
= 318-3 ohm 
Now, 1, = oe ERs 0-346 A 
Nein 3183 
Type E.On LR-Circuit 


Problem 3.07. A coil of inductance 4/z henry is joined 
in series with a resistance of 30 ohm. Calculate the current 
flowing in the circuit, when connected to a.c. mains of 
200 volt and frequency 50 Hz. 

Sol. Here, L=4/a henry ; R=30 ohm; 

E,, = 200 volt ; f=50 Hz; 

Inductive reactance, 


4 
X, =o L=2afL=2ax50x aie cia 
Now, impedance of L R-circuit, 
daha z= |R2+(@L)? 
= (30)? + (400)? = 160900 = 402.1 2 


“Therefore, current in the circuit is given by 


E 200 
lL, =? =——- = 0- 
0= > 4014 0-499 ampere 


Problem 3. 08. When 
coil, a current es 1 ampere flows through it. When 100 volt 
a.c. at 50 cycle s~! is applied to the same coil, only 0-5 ampere 
current flows. Calculate the resistance, the impedance and 
the inductance of the coil. 

Sol. In d.c. circuit : The ohmic resistance of the coil, 

E_ 100 
RE ‘am = ie = 100 ohm 
In a.c. circuit : Impedance of the coil, 


7 Jee = 200 ohm 
Ls 5 
Thus, impedance of the coil for a.c. is greater than its 
ohmic resistance for d.c. It means that the coil has both 
inductive reactance X;, and the ohmic resistance R. 


Now, Z=jR?+Xz? 
or = X,;2= Z2 - R? = (200)? - (100) 


= 40000 — 10000 = 30000 


or X,, = V3 x 100=173-2 ohm 
But X, =2afL 
= a i = lama i = 0-55 henry 
2af 2x3-14x50 
Problem 3.09. A coil of inductance 0-50 H and resis- 
tance 100 Q is connected is a 240 V, 50 Hz a.c. supply. 
(a) What is the maximum current in the coil ? (b) What is 
the phase difference between the voltage maximum and 
current maximum ? (Text Problem) 
Sol. Here, L= 0:50 H; R= 100 Q ;f=50Hz;E,=240V; 


Cs ee 


R24@°L? JR7+(20 f L)? 


240 


{1007 + (2 2 x 50 x 0-50)? 


240 240 =i lng a 


~ /10000 + 24674 186-2 


Now, I, =V21, =V2:x1+29 =1-824A 
(b) For LR-circuit, 
oL 2afL 2ax50x0-50 
tan @ = Rr = SSS Se 
or ¢ = 57°31' (e.m.f. leads current) 
Problem 3.10. When an alternating voltage of 220 V is 
applied across a device X, a current of 0-5 A flows through 
the circuit and is in phase with the applied voltage. When 
the same voltage is applied across another device Y, the 
same current again flows through the circuit, but it lags 
behind the applied voltage by 7/2 radians. (a) Name the 
devices X and Y. (b) Calculate the current flowing in the 
circuit, when same voltage is applied across the series 
combination of X and Y. (CBS: E1997) 
Sol. (a) The current and voltage are in phase with each 
other, when alternating voltage is applied across a resistor. 
Hence, the device X is a resistor. a 


By 220 Be a 0 


= 1.5707 


Obviouslicik = =x Se gp! = 440 2 a: rr 9) 
Vv 
The current lags behind the voltage ih phas angle 
x/2, when “alternating” voltage is a pplied across ait it ductor. 


HenéeS thé device ¥is an'induttor22! 22018 agsiioV 


= 4402 


Obviously, X, ==" == 

viously, X_, i 05 
(b) Here, E,, = 220 V ; R = 440 Q; X, = 440 Q 
If Z is impedance of LR-circuit, then 


Z=R2+X? =,/4402 + 4402 = 440/29 


Therefore, current in the LR-circuit, 


E, 220 

irl 0-354 A | 

Problem 3.11. An inductance coil has a reactance o 
100 02. When a.c. signal of frequency 1000 Hz is applied t 
the coil, the applied voltage leads the current by 45° 
Calculate the self inductance of the coil. (C.B.S.E. 1998 S 

Sol. Since voltage applied across the inductance lead 
the current by 45° (and not by 90°), the given inductance i 
not a pure inductance. 

The given inductance behaves as a series combinatio1 
of L and R. If Z is impedance of the given inductance and ¢ 
is the phase angle by which applied voltage leads the current 


then 
ZS YR? +x aL 
X 
and = tan@ = cH ii 
Here, Z, = 100 82 7p'=.45¢° 


From equation (i), we have 
R72 +X? =100 (iii 
Also, from equation (ii), we have 
tan 45° = Xu or 1==S> 
R 


or R=X;, 
Substituting for R in equation (iii), we have 


REKeteenK Fs 100 or 2X, =100 

or X,, = 70-01 Q 

If L is self inductance of the coil, then 

XL =2afL 
70:71 
or p= 4954 x 102 
2naf 22x 1000 
Type F. On CR-circuit 


Problem 3.12. A series circuit contains a resistor o 
10 2, a capacitor and an ammeter of negligible resistance 
It is connected to a source of 220 V-50 Hz. If the reading o 
an ammeter is 2:0 A, calculate the reactance of the capacito! 
(P.S.5.G.E,199& 
Sol. Here, R = 10; E, = 220 V ;f=50Hz;1,=2-0A; 
If Z is impedance of C R-circuit, then 
Z= Fei ei SA as 110 Q 
( PES, 


Sag 20) giz [72_R2 = {1102 — 10? = /120x 100 


= 109-54 Q 
Problem 3.13. A circuit consists of a resistance 10 ohn 
anda capacitance. 0-1 #F If an alternating e.m.f. of 100 volt 
50 Hz is applied; calculate the current in the circuit, 
Sol. Here, R=10.Q;C =0-1 pF =0-1x 10°F; 
E,, = 100 volt pf = 50 Hz 


e impedance of the C R- 


Z=\R2+(1/wC)> =yR?+ (1/22 f C) 
= 10)? + (1/2 x50x0-1x10-) 
a \[c10)? + (10° /x) = 318312 


L,=—2=—— 
Zi\731831 
Problem 3.14. A 100 #F capacitor in series with a 40 Q 
istance is connected to a 110 V-60 Hz supply. (a) What is 
» maximum current in the circuit ? (b) What is the phase 
y between the current maximum and voltage maximum ? 
(Text Problem) 
Sol. Here, C = 100 wF = 1074 F;R=402; 
E, = 110 V ; f= 60 Hz 


[ge babsotithal zac 
(a) (R2+1/o2C2 JR2+1/20 fC? 


r 110 


402 +1/ (22x 60 x 107+)? 


doy ort 100. S voto gO 595 \4 


{1600 + 703-62 48 


Now, = 3-142 x 10° A 


Now, 1,=V21)=V¥2x2:292=3-24A 
(b) For C R-circuit, 
R 2afCR 
1 


pS = 0-6631 
22x60 x10 x 40 


es = 33°33’ (e.m.f. lags behind the current) 
ype G. On LCR-circuit 

Problem 3.15. A capacitor of capacitance 100 pF and 
coil of resistance 50 Q and inductance 0-5 H are connected 
1 series with a 110 V-50 Hz source. Calculate the rm.s. value 
f the current in the circuit. (C.B.S.E. 1998) 

Sol. Here, C = 100 wF = 100 x 10° = 104 F;R=50Q; 

L=05H;E,=110V;f=50 Hz 


Impedance of LCR-circuit, Z = YR? + (Xz, - vomits 


or Z=\R2+(2m fL-1/2m fC) 


2 
= 50? + (2 x50x0-5-1/21x50%10~) 
= 507 + (157-08 - 31-83)" = 507 + (125: 25)* 


= [2500 + 15687 -6 
or Z=134-86 Q 
If I, is rm.s. value of current in the circuit, then 
Ko 110 


Lp=s = 0-816 A 
Z 134-86 


~ Problem 3.16. A 25 pF capacitor, 0-1 henry inductor and 
a 25-0 ohm resistor are connected in series with a source, 
whose e.m.f. is given by : 
E = 310 cos 314 t volt 
(a) What is the frequency of the e.m.f. ? (b) What is the 
reactance of the circuit ? (c) What is the impedance of the 
circuit ? (d) What is the current in the circuit ? (e) What is 
the phase angle of the current by which it leads or lags the 
applied e.m.f. ? (f) What is the expression for the instan- 
taneous value of current in the circuit ? (g) What are the 
effective voltages across the capacitor, inductor and the 
resistor ? (h) What value of inductance will make the 
impedance of the circuit minimum ? (Text Problem) 
Sol. Here, L=0-1H; C = 25 pF =25 x 10°F; R=25Q 
Also, the e.m.f. of the source is given by 
E = 310 cos 314 t a) 
The instantaneous value of alternative e.m-f. is given by 
E=E,cos2aft .. (il) 
Comparing the equations (i) and (ii), we have 
ec warmly: 
2n 2x3-14 
(b) Inductive reactance, X; = 2 af L=2 x 3-14 x 50 x 0-1 
= 31-4Q 


(a) Frequency, f = 50 cycles s! 


1 
Capacitive reactance, X¢ = Inf C 


1 


2x 3-14x 50x 25x 10° 
Net reactance of the circuit, X. — X; = 127-4-31-4=96Q 
As Xc > Xy the net reactance is capacitive. 
(c) Impedance of the circuit, 


ZouRP + (Ke XG)" 
= (25)? + (96)? = 99:2 Q 


(d) Also, from equations (i) and (ii), E, = 310 V 
Bay 3t0. 


= 127-49 


Therefore, virtual voltage, E, =—==—= = 219-2 V 
g (a) V2 Ap) 
H Sat cuentilobin® EOE 
, virtual current, 1, =—>- =. = 2 
ence, virtual curr vd cry i OOND 
(e) The phase angle ¢ is given by 
Xc-X 
anigig oo eS 3.84 
R 25 
7-54 
or O27 Rama = 1-316 rad 


As Xc > X1, the current leads the voltage by the angle ¢ 
as obtained above. 
(f) The instantaneous current is given by 


J =T,cos (2 f t-9) = = cos (314 1-1-3106) 


cos (314 f — 1-316) 
or I = 3-125 cos (314 t= 1-316) 
(g) Voltage across capacitor = [, X¢ = 2:21 x 127-4 
eet FALLIAG RAS 281g iV 
‘Voltage across inductor =I, X= 2:21 x 314 = 69-4 V 
* "Voltage across resistor, = 1,,R.= 2:21 x.25.=,55:25 V 


Riel? 


(h) For imp 
oaL=1/aC ) 
Therefore, the required value of inductance, 
OO 2S 
= Re 2 dies 0-405 H 
(22x 50)* x 25x 10 


Type H.On Resonance : 
Problem 3.17. A capacitor, a 5 Q resistor and 101-5 mH 


inductor are placed in series with a 50 Hz a.c. source. 
Calculate the capacitance of the capacitor, if the current is 
observed in phase with the voltage. (C.B.S.E. 1992) 

Sol. When in an LCR-circuit, the current and e.m-f. are 
in phase with each other 


aL=1/@C 
= poh iyperen gh 
o7L. 22f)"L 
Here, . f=50Hz;L=1015 mH =1015% 10H; 


Therefore, required capacitance of the capacitor, 
1 
ST LEG hi hig FES 
(2 a x 50)* x 101-5 x 10 
= 99-8 x 10°F = 100 F 
Problem 3.18. A variable frequency 230 V alternating 
voltage source is connected across a series combination of 
L=5H,C=80yzF and R = 40 Q. Calculate (a) the angular 
frequency of the source which derives the circuit in reso- 
nance, (b) the impedance of the circuit and (c) amplitude 
of the current at resonance. (C.B.S.E. 2001 S) 
Sol. Here, E, = 230V;L=5H; 
C=80vF=80x10°F and R=40Q 
(a) For an LCR-circuit to be in resonance, 


X,=Xc or 2afL=1/2afC 


1 1 
or fi eES=— 000 
27 yLC 2x 5x 80x10° 
= 7-96 Hz 


(b) Impedance of the circuit, 


Zs |Ree Ree 


X,, = Xc, we have 
Z=RaAOO 
(c) The peak value of e.m.f. of the source, 


E, = V2 E, = 230V2 V 

Therefore, amplitude of the current at resonance 
Ey = 2302 = 8-13 A 
R 40 

Problem 3.19. A 2 uF capacitor, 100 2 resistor and 8 H 
inductor are connected in series with an a.c.’source. What 
should be the frequency of this a.c. source,,for which the 
current drawn in the circuitis maximum? If the peak value 
of e.m.f. of the source is 200 V, find for, maxim Lcurrent, 
@) the inductive and capacitive teactances of the circuits, 
(ii) total impedance of the circuit aii) peak value of current 


in the circuit ; (iv) theiphase relation e ween voltages 
ReQ B- 


Since 


acr 


nd 


between voltages across inductor and capacitor. ’ 
(SiG.b. 2a 
Sol. Here, C = 2 vF =2 x 10° F;R=1002;L=8H; 


E, = 200 V 
The current in the circuit becomes maximum, whe 
frequency of the a.c. source becomes equal to the resonai 
frequency f,. 
The resonant frequency, 
1 1 


fo ac a, 5 ie 
2m VLC 22 ¥8x2x10° 


(i) X, (or X-) at resonant frequency 
=20f,L=2 20 x 39-79 x 8 = 2000 2 | 
(ii) Total impedance of the circuit at resonant frequent 
is simply equal to ohmic resistance in the circuit i.e. 100 Q 
Eo Ey. 2009) 


(iii) Peak value of current, Ip = —— = = 
Zz > RK srst0o 


(iv) The voltages across inductor and resistor differ ' 
phase by 90°. 

(v) The voltages across inductor and capacitor differ ; 
phase by 180°. 

Problem 3.20. A series LCR-circuit is connected to z 
a.c. source (220 V-50 Hz) as shown in Fig. 3.23. If the re 
dings of the three voltmeter V,, V, and V, are 65 V, 415 
and 204 V respectively, calculate (i) the current in the circui 
(ii) the value of the inductor L ; (iii) the value of the capacit 
C ; and (iv) the value of C (for the same L) required | 


produce resonance. (S:C. Bolas 


220 V-50 Hz(~) 


Fig. 3.23 
Sol. Here, E, = 220 V; f=50Hz;R=100 Q 


Vp =65V;Ve=415 V;V, =204V; 
(i) Let I, be r.m.s. value of current in the circuit. Ther 


Vp=l,R 
Re er65 
or 2 fae. 100 =0-65A 
(ii) V, =1, X. 
Vi. 204 
= — = — = 313-850 
we ves a we 
Now, X, =2afL 
XL 313-85 
== =10H 
2nxf 22x50 
or Se ee AI He BEN 
Ti 0-65 
Now, Xe= : 
‘cr he 296 f G 


=5x10° =5yF 


~ 2m x50 x 638-46 
(iv) If C’ is capacitance of the capacitor that will produce 
ynance with inductor (L = 1-0 H), then 


; 1 1 
se ae, at i} 
4n-f°L 42°x(50)" x1-0 
= 10-1 x 10° F=10-1 pF 
Problem 3.21. Obtain the resonant frequency and 
actor of a series L C R-circuit with L = 3-0 H, C = 27 pF 


or 


LR = 7-4 Q. (Text Problem) 
Sol. Here, L= 3-0 H; C = 27 uF =27 x 10°F; 
R=74Q; 
Resonant angular frequency, 
i! 1 
Wo = 111-1 rad s! 


of BE J 3-0 x 27x 107% 


ao bape ate SEY” 
ice ty, 100 Rh a 


pe I. On Power of a.c. circuit 


Problem 3.22. Find the power consumed in a circuit 
ving a resistance of 30 ohm in series with an inductance 
40 shm in series with an a.c. with peak current of 
mpere and peak voltage of 220 volt. 

Sol. Here, R = 30 ohm ; X;, = 40 ohm 

Therefore, impedance of the LR-circuit, 


Z=R2+Xz2 = (30) + (40)* = {900 + 1600 


= 42500 =50 ohm 


Power factor, cos @ = Z ac 0:6 


Now, E, = 220 volt ;I, = 1 ampere 
Pp = Hyl, cos @ 


220 x1x0-6 
OS pen 66 watt 


V2 x V2 

Problem 3.23. An alternating e.m.f. of 100 V (1m.s.), 
Hz is applied across a capacitor of 10 wF and a resistor 
100 Q in series. Calculate (a) the reactance of the 
pacitor ; (b) the current flowing ; (c) the average power 
pplied. (BGC E, 1996) 

Sol. Here, E,, = 100 V ;f= 00Hz; 

C=10 wF=10x 10°=10°F;R= 1002 
(a) Capacitive reactance, 


Pe Wes On. 4d 1 
C™@C 2mfC 2n7x50x10~ 
= 318-31 Q 
(b) Current through the capacitor, 
Epics rel00 
Ls alee 
(c) Average power supplied, 
R 


woll 


P.=E,1,cos¢=E,1,.§ == 
av v-v vv. {R24 Xc2 


or Pao 100 x 0-314 x ie 
2 2: 
100° + (318-31) 


_3,14x10° 


= 9-14 W 


Problem 3.24. A 60 volt, 10 watt lamp is to be run on 
400 volt-60 hertz a.c. mains. Calculate (i) the inductance of 
the choke required. (ii) If resistance is to be used instead 
of choke, what will be its value ? (iii) What will be the 
disadvantage in the latter case ? 
Sol. Here, voltage marked on the lamp = 60 volt ; 
power marked on the lamp = 10 watt 
Therefore, current rating of the lamp 
_ power + 10—] 
voltage 60 6 


ampere 


0 
Resistance of the lamp, R = a = 360 ohm 


When lamp is worked on 100 V a.c. : 
E,, = 100 volt ; f = 60 Hz 
Let Z be the impedance, which would maintain a current 
of 1/6 ampere through the lamp, when it is run on 100 volt 


a.c. Then, 


Z= = =100x6 =600 ohm 


(i) If Lis the required inductance, then 


Z= JR 42m f L)* 
4 \Z7-R? _ (600) - (360) 


or ~ 
20 f 27 x 60 
4 960x240 240x2 4 1.273 h 
Giimaeeeo 20X00 nt ay 


(ii) Let R’ be the resistance connected in series to lamp 
(360 ohm), which will maintain a current of 1/6 ampere, when 
the lamp is worked on 100 volt a.c. Then, 


Rssen ee 5 600 
1/6 
or R’ = 600 — 360 = 240 ohm 


(iii) If resistance is used in place of inductance, the elec- 
trical energy will be wasted in the form of heat across the 
additional resistance (R’). 

Problem 3.25. A 20 watt, 50 volt filament is connected 
in series to an a.c. mains of 250 volt-50 hertz. Calculate the 
value of the capacitor required to run the lamp. 

Sol. Here, voltage marked on the lamp = 50 volt ; 

power marked on the lamp = 20 watt 

Therefore, current rating of the lamp, 

_ power _ 20 


I =0-4ampere 


~ voltage 50 
ri 8 bnig-roleicer { 50 
. Resistance of the lamp, R = aes 125 ohm 


» i) Whe lamp is worked on 250 V a.c. : 
oureN Rag in ~950'volt /f = 50 hertz | Db aadepy 
STs 7}ePZ Be thé iipedance, which will maintain a current 
ot GUPALA BERG OHA AA damp is Plin‘on 250 volt'a.c. Then, 
jnori? to suley ARST 35 OLED St 10 FB DaAg Mai! PS/OF (Ny) 
oit£lo1-5625 glad! (5!) < iino1l one sf 
0-4 0-4 


asasilov m99% 


If Cis the required capacitance, then 


Z=R?+(1/22 f CY 
Ca TS eee ee 
Qn f ¥Z2-R* 2nx50x (625)? — (125)? 
1 


22x50 x 250V6 
= 5-198 x 10°F 

Problem 3.26. A circuit consists of a non-inductive 
resistance of 50 ohm, an inductance of 0-3 henry and a capa- 
citor of 40 microfarad in series and supplied with a current 
of 200 volt-50 hertz. Find the impedance and power in the 
circuit. Take a = 3-142. 

Sol. Here, E,, = 200 volt ; f = 50 hertz ; R = 50 ohm ; 

L=0-3 henry ;C =40 wF =40 x 10°F; 
Now, inductive reactance, X; = 2 2 f L 
| = 2 x 3-142 x 50 x 0-3 = 94-26 ohm 

Capacitive reactance, 

trainee be nipes 1 
2a fC 2x3-142x50x 40x 10° 


3 
cot OO’ are gyi250e = 79-57 ohm 
2x3:142x2 3-142 


The impedance of the LCR-circuit is given by 


ZayReseKpoRxrey 
= (50)? + (94-26 — 79-57)? 
= (50)? + (14-69)? = 52:11 ohm 


E, __ 200 
Z 52-11 


Problem 3.28. In an LCR-circuit, a variable frequency 
230 V source is connected to L = 5-0 H, C = 80 pF, 
R= 40 Q. 

(a) Determine the source frequency, which drives the 
circuit in resonance. 

(b) Obtain the impedance of the circuit and the 
amplitude of current at the resonating frequency. 

(c) Determine the r.m.s. potential drops across the three 
elements of the circuit. Show that the potential drop across 
the LC-combination is zero at the resonating frequency. 

(C.B.S.E. 1998 ; Text Problem) 

Sol. Here, L= 5-0 H; C = 80 wF = 80 x 10°F; R=40Q; 

b= 230 V 
(a) The resonant angular frequency w, is given by 


1 1 
0) = = = 0 tad s 
VLC ) 5.0.x 80x 10 


(b) At resonance, impedance of the LCR-circuit is simply 
equal to R. 
Therefore, at resonan¢e) iZ=-R = 40:Q 


or 


Xz, 


Now, v= = 3-838 ampere 


RS mA 
The power factor, cos @ = 7 504017 0-9595 
Therefore, average power, 
Poy = Ey 1, cos @ = 200 x 3-838 x 0-9595 
= 736-5 watt 
Problem 3.27. A 200 V variable frequency a.c. sour 
is connected to a series combination of L = 5 H, C= 80 p 
and R = 40 Q. Calculate (a) angular frequency of the sour 
to get maximum current in the circuit, (b) the currer 
amplitude at resonance and (c) the power dissipation in th 
circuit. (C.B.S.E. 200; 
Sol. Here, E, = 200 V;L=5H; 
C = 80 pF = 80 x10 Fand R=40Q 
(a) For maximum current (or resonance) in the circui 
XL =Xe | 
Let wp, be the angular frequency of the source thi 
provides maximum current in the circuit. Then, 


1 x 1 
or a 
@,C . 


AV PEKe 
1 
or 0, = = =50rads1 
{5x80 x 10% 


(b) At resonance, the impedance of LCR-circuit is equ: 
to the ohmic resistance in the circuit. Therefore, 
r.m.s. value of current at resonance, 


@, L= 


Therefore, current amplitude at resonance, 
1, = VPI EY R52 7-07 A 
(c) Now, P,,,, = E, I, cos @ 
Since at resonance, the circuit is purely resistive, p = 0 
Therefore, average power consumed in the circuit, 
Py = 200 x 5 x cos 0° = 1000 W 
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Therefore, r.m.s. value of current at resonance frequenc 
L, ~ Bog 220 wisi7s A 
R 40 
Hence, current amplitude at resonant frequency, 
I, =V21,=V2x5-75 =813.A 
(c) R.M.S. potential drop across R 
=I, R=5-75 x 40 = 230 V 
R.M.S. potential drop across L 
=[,@,) L =5-75 x 50 x 5-0 = 1437-5 V 
R.M.S. potential drop across C 
5:75 
50 x 80 x 10° 
R.M.S. potential drop across LC 
=I, (@pL -1/@9C) =5-75 (1437-5 — 1437-5) = 
Problem 3.29. A series LCR circuit with L = 0-12 I 
C= 480 nE R = 23 Q is connected to a 230 V variab! 
frequency supply. 


=1,(1/@9C) = = 1437-5V 


(a) What is the source frequency for which current 
plitude is maximum ? Obtain this maximum value. 

(b) What is the source frequency for which average 
wer absorbed by the circuit is maximum ? Obtain the 
ue of this maximum power. (Text Problem) 

Sol. Here, L=0-12 H;C = 480 nF = 480 x 10° F; 

R= 23 Q;E,=230V 

(a) Current amplitude is maximum at resonant 

quency. It is given by 
1 


1 
oO, = = 
© yLC  Jo.12x 480x107? 


= 4166-7 rad s-! 


E 

Now, 1) = 7 
R?+(@L-1/a@C) 

or oe 
R?24+(@L=1/@C) 

aa MRS 
“In (at @>) = 0 =————_ =1414A 
. 0) R 23 


(sci is lego ta= 0) 
(b) Average power will also be maximum at resonant 
quency i.e. at 4166-7 rad gi 


‘pcan NT 
{R? +(@L-1/@C)" 


Pris Hola .G08? =Evly x 


”. Pay (at Mp) = Ezly X 
R? +07 
=E,1, = 230 x = bane 2300 W 
J2 
Problem 3.30. A circuit containing a 80 mH inductor 
and z 60 nF capacitor in series is connected to a 230 V, 
) Hz supply. The resistance of the circuit is negligible. 


(a) Obtain the current amplitude and rm.s. values. 


i) 


Q. 3.01. What is the frequency of direct current ? 
de AS my SOE ER ERY) 
Ans. Zero. 
Q. 3.02. The instantaneous current from a.c. source is 
= 5 sin 314 t. What is the peak value of current ? 
(H.P'S.S.C.E. 2002) 
Ans. Since I = I, sin a f, it follows that I, =5 A. 
QO. 3.03. Define the mean value of an alternating 
urrent. (PS.S.C.E. 2001) 
Ans. Refer to section 3.02. 
Q. 3.04. Define root mean square value of an alter- 
ating current. (PS.S.C.E. 2001 ; I.S.C:E./1995) 
Ans. Refer to section 3.03. 
Q. 3.05. What is the relation between peak value and 
oot mean sqare value of alternating e.m.f-?" (Cor! 
*. (HIS!S'CE? 2001) 
HIG? VMGUPIT 


Ans. I = 


rms. 


ole 


(b) Obtain the r.m.s. values of potential drops across 
each element. 

(c) What is the average power transferred to the 
inductor ? 

(d) What is the average power transferred to the 
capacitor ? 

(e) What is the total average power absorbed by the 
circuit ? (Text Problem) 

Sol. Here, L = 80 mH = 80 x 10° H; 

C= 60 pF =60 x 10°F; E, = 230 V ; f =50 Hz 
ss Ey sx Ey 
nOoLcl/mc. 2a L-lW2eae 
230 

2m x50 x 80x 10 = 1/22 x 50 x 60x 10° 


RLS EE EN 
25-13 — 53-05 


(a) i 


27:92 
[Take magnitude of (25-13 — 53-05)] 


I) =V21, =2x8-24 = 11-65 A 
(b) R.M.S. potential drop across L 
=LoL=I,x2afL 
= 8-24 x 2.1 x 50 x 80 x 10° = 207-1 V 
R.M.S. potential drop across C 


ey eee Paras Ot Lor 
EES RRNA ik Gd 
=8-24x : = 437-1 W 


22 x50x60x10° 
(c) As in inductor, e.m.f. leads current by 2/2, 


Piy = Epl, cos fs =0 
(d) As in capacitor, e.m.f. lags current by 2/2, 
Pepe Bgl. COs (- *) =0 


(e) Total average power absorbed = 0 


FREQUENTLY ASKED VERY SHORT ANSWER QUESTIONS 


With Answers/Hints 


Q. 3.06. The instantaneous current from an a.c. source 
is | = 6 sin 314 t. What is the r.m.s. value of the current ? 
(C.B.S.E. 2000, 1996) 
Ans. Since I = I, sin wt ; it follows that I, =6 A 
Ip 6 


oll =~ 20 =~. =3/2A 
T.M1.S. nD. NON 


Q. 3.07. The electric mains in a house are marked 
220 V, 50 Hz. Write down the equation for instantaneous 
voltage. (H.S.S.C.E. 2002) 


Ans. Here, f=50Hz and E,=220V 
-The instantaneous voltage is given by 


E=8, sin wt = V2 E, sin’2 2 f t 
elgg et Fs '200 sik 20X50 t 
£200 /ZisinLOOmti oss! 


Q. 3.08.’ 0 you measure 
with an a.c. ammeter ? 

Ans. Root mean square value of the current. 

Q. 3.09. The divisions marked on the scale of an a.c. 
ammeter are not equally spaced. Why ? 

Ans. An a.c. ammeter is constructed on the basis of 
heating effect of the electric current. Since the heat produced 
varies as the square of current (and not directly with current), 
the divisions marked on the scale are not equally spaced. 

Q. 3.10. Why a d.c. voltmeter and d.c. ammeter cannot 
read a.c. ? (P.S.S.G.E01998'S) 

Ans. It is because, average value of a.c. is zero over a 
complete cycle. 

Q. 3.11. Show that resistance offered by an ideal induc- 
tor to the flow of direct current is zero. (P.S.S.C.E. 1999 S) 

Or 

What is the resistance offered by an inductance to 
d.c. ? G7S.S:C.E. 1992) 

Ans. For d.c., f = 0. 

Therefore, X; =2a7fL=22 (0) L=0 

Q. 3.12. With reference to alternating currents and 
voltages, state any one fundamental difference between 
‘resistance’ and ‘reactance’. (I.S.C.E. 1998) 

Ans. An ohmic resistor has fixed value of resistance, 
while reactance changes with change in frequency of a.c. 
supply. 

Q. 3.13. The frequency of a.c. is doubled. What 
happens to X, ? 

Ans. Now, X;,=2afL 

Therefore, on doubling the frequency of a.c. supply, X;, 
also becomes double. 

Q. 3.14. Prove that an inductor offers an easy path to 
d.c. and a resistive path to a.c. 

Ans. Inductive reactance, X;=@ L=2 af L 

It follows that X; is zero for d.c. ( f = 0) and has a finite 
value for a.c. Hence, an inductor offers an easy path to d.c. 
and a resistive path to a.c, 

Q.3.15. What is the phase relationship between current 
and voltage in an inductor ? (H.S.S.C.E. 2002, 2001) 

Ans. The current lags behind the voltage by phase angle 
/ 2. 

Q. 3.16. What is meant by the statement that the current 
through an inductor lags e.m.f. across it by 2/2? 

Ans. lt means that if at any instant, the e.m-f. is 
maximum (or minimum) in the circuit, then the current will 
become so after a time T/4, where T is period of a.c. 

Q. 3.17. Sketch a graph showing the variation of 
inductive reactance with frequency of the applied voltage. 

1.5.S:G,E.: 2002) 

Ans. Refer to Fig. 3.25. 

Q. 3.18. What is capacitive reactance ? Give its SI unit. 

(PSOE tog9 S) 

Ans. The resistance offered by a capacitor in an a.c. circuit is 
called capacitive reactance. 

Its S.1. unit is ohm. 

Q. 3.19. Find the reactance of a capacitance C at f Hz. 
.5.C.E 997) 
i} 1 


Ans. Capacitive reactance, Xo = Gi = Inf 
@ 1 


Q. 3.20. For y high frequency a.c 
capacitor behaves as a pure conductor. Why ? 
1 
Ans. INOW, Noise 
Canam 


When frequency of a.c. supply is high, Xc will be 
approxi-mately zero i.e. capacitor will behave as a conducto1 
Q. 3.21. A capacitor blocks d.c. but allows a.c. to pas: 
through it. Explain, why. (H.S.S.C.E. 2001 
Or 

Discuss the behaviour of a capacitor in a.c. circuit. 

(FRS.S-C ES I999 
é 1 t 

Ans. Capacitve reactance, Xc @C nf 

It follows that capacitive reactance is infinite for d.c 
(f=0) and has a finite value for a.c. In other words, a capacito: 
serves as a block for d.c. and offers an easy path to a.c. 

Q. 3.22. Sketch a graph showing the variation o. 
reactance of a capacitor with frequency of the applie« 
voltage. (H.S.S.C.E. 2002, C.B.S.E. 2001) 

Ans. Refer to Fig. 3.26. 

Q. 3.23. What do you mean by the impedance of LCR 
circuit ? 

Ans. The effective resistance offered to the flow of curren 
by the LCR-circuit is called its impedance. It is given by 


Z=R*+(@L-1/@C) 


Q. 3.24. What is the phase difference between the 
voltage across an inductor and a capacitor in an a.c. circuit 
(C.B.S.E-1999 


Ans. 180°. 

Q. 3.25. When are the voltage and current in LCR 
circuit in same phase ? (HS -S.0.P. 2002 

Ans. The voltage and current in an LCR-circuit are i 
same phase, when X; = Xc. 

Q. 3.26. When does aseries LCR-circuit have minimun 
impedance ? (L:S,C.E..1996, 

Ans. At resonance. 

Q. 3.27. Give the phase difference between the appliec 
a.c. voltage and the current in an LCR-circuit at resonance 

(C.B.S.E. 1997 

Ans. It is zero. 

Q. 3.28. If the frequency of the a.c. source in a LCR 
series circuit is increased, how does the current in th 
circuit change ? (CBS £. 1998 S$ 

Ans. With increase in frequency, current in a.c. circui 
first increases, attains a maximum value (at resonan 
frequency) and then decreases. : 

Q. 3.29. What is the power dissipation in an a.c. circui 
in which voltage and current are given by 


E = 300 sin (wt + 7/2) and I=5sinwt? 
(C.B.S.E. 2001 

300 5 1 

Ans. Here, E, = —— V;1 = —Aand ¢ =— 

0 Joy, Poe Aqsa ah nalod 


Average power dissipated in the circuit, 


SUUh eo 1 
: haa ahaa ee cos > =0 


Q. 3.30. Define power factor. 
(BS.S'G-E. 2001/1999); 1-S.5.C.E. 20012097 S. 


nt and e.m.f. in an a.c. ca fscalled its power factor. 

, power factor = cos @. 

Q. 3.31. What are the maximum and minimum values 

ywer factor of a.c. circuit ? (PHS.:EO1999'S) 

Ans. The maximum value of power factor is 1 and the 

mum value is 0. 

Q. 3.32. In an a.c. circuit, there is no power consum- 

1 in an ideal inductor. Explain. 
(CB.S.5- 1998 | P.S:5.C.E.. 1998.5, 1991) 

Or 

Prove mathematically that the average power over a 

plete cycle of alternating current through an ideal 

ctor is zero. (C.B.S. Es 1997) 


ge power of an a.c. circuit, 
Pig = Ey I, cosg 
For a.c. circuit containing an ideal eg g=2/2 
Po =E,1,cos2/2=E, 1, (0) = 

Q. 3.33. How much power is consumed if a (i) purely 

inductive and (ii) purely capacitive a.c. circuit ? 
(CLB.S.E 4992) 

Ans. The power consumed is zero in both the cases. 

Q. 3.34. In a series LCR circuit, what is the value of 
power factor at resonance? (C.B.S.E. 1999 ; I.S.C.E. 1994) 

Ans. It is unity. 

Q. 3.35. Write two advantages of alternating current 
(a.c.) over direct current (d.c.). 

Ans. Refer to section 3.15. 


FREQUENTLY ASKED SHORT ANSWER QUESTIONS 


— With Answers/Hints —————— 


Q. 3.01. Distinguish between ‘average value’ and 
s. value’ of an alternating current. (C.B:S:E. 1997) 
Ans. Refer to sections 3.02 and 3.03. 

Q. 3.02. Calculate the rm.s. value of alternating current 
wn in Fig. 3.24. (C.B.S.E. 1998) 
Ans. Since the value of current has either a value of 2 
—2 A with the passage of time, the r.m.s. value of the 
nating current shown in Fig. 3.24 is also 2 A. : 


Fig.3.24 
Q. 3.03. Prove mathematically that the average value 
lternating current over one complete cycle is zero. 
(C.B.5.be 1997) 
Ans. Refer to section 3.02 : 
The, average value of alternating current over one 
plete cycle, 


T 
wig Jt sin wt dt = lo J sin wt dt 
T z / 


I I 
=-——(cos 22 —cos0)=-—(1-1)=0 
‘Ls Bh 
Q. 3.04. A 110 V d.c. heater is used on an a.c. source, 


h that the heat produced is the same. What would. be the - 
(1.S.C.E. ¥996)- 


.s. value of the alternating voltage ? 

Ans. Let E,, be the required value of im.s. voltage. Then, 

t produced i in heater of resistance R in time T/2, 
TR 


pa R 2 (i) 


Heat produced at 110 V d.c. in time ile 2y 


5 =— = ...(11) 

wemaknawve Tare 

Since H, =H), we have 
(10? T_E,? T 
1 RS aN ae 

QO. 3.05. The effective value of current in a 50 cycle a.c. 


or E, = 110 V 


1 
circuit is 5-0 A. What is the value of the current —— s after 


it is zero ? (PS.S.C.E. 1994) 


Ans. Here, I,, = 5-0 A; f = 50 cycles 7! 
I=])sinwt= V2 1,sin2 aft 
cy Qubc Ba Groth 2emomeBOD Pere 
300 


Now, 


1% gc} 
= 2x 5-Osin = = V2 5-0x—— 


=6124A 
Q. 3.06. A coil has an inductive reactance of 160 ohm 
at frequency of 50 Hz. Calculate the self inductance of the 


coil. (H.S'S.G.E. 1997 S) 
Ans. Here, X; = 160 Q +f = 90 Hz 
x CAT a 160 
Now, Xp =2afL or SEN MLE 


= 0-51 H 
Q. 3.07. An inductor of 1 H and negligible resistance 
is used on the mains of frequency 50 Hz. Find the reactance 
of the inductor. (.S.C.5.199B.- Fh S.S E1997) 
Ans. Inductive reactance, X; = 2 af L 
Here, foe 1 El fc OO, 
‘ X, =2ax50x1=1007H 
O. 3.08. An inductor is in turn put across 220 V-50 Hz 
and 220 V-100 Hzsupplies. Will the current flowing through 
it in the two cases-be the same or different ? 
(C.B.S.E. 1998) 


E E 
Ans.N ly === ‘Uy 
RR EN hl fe Fa) 
1 
Thus, ly«— 


7 


Thus, current flowing in the two cases will be different. 


Q. 3.09. ealeuiate the apaeinee reactance of 5 pF 
capacitor for a frequency of (i) 50 Hz, (ii) 10° Hz. 
(Hi 5:SiG.E..1995) 


Ans. Here, C = 5 wF =5 x 10°F 
(i) For f = 50 Hz, 
: 
yes = 636-6 Q 
© 2nx50*%5x10° 
(ii) For f = 10° Hz, 


aah: 
SEI ee ae, 
Q. 3.10. A capacitor blocks d.c. Why ? 
(H.S.5.C.E. 2001, 2000; P'S.S.C FE. 2001, 1993) 
Or 
What is the capacitive reactance of a capacitor used in 
a circuit having d.c. e.m.f. ? Explain. (PS S:CsEPT892) 
Ans. The capacitive reactance is given by 


i! 
Xplewathee 
4 Zn 7 
For d.c., f=0 
I 
. Xe (for d. — =00 
Ord Se atone 


Thus, a capacitor offers infinite resistance to d.c. and 
hence acts as a perfect block for it. 

Q. 3.11. An electric lamp connected in series with a 
variable capacitor and an a.c. source is glowing with some 
brightness. How will the brightness change on increasing 
the value of capacitance and why ? (C-B.S.E. 1998) 

dé 1 ott 
rah ne ae a 

When the capacitance (C) is increased, the capacitive 
reactance (X_) will decrease. Due to decrease in the value of 
Xc, the current in the circuit will increase and hence 
brightness of the source will also increase. 

Thus, a capacitor offers infinite resistance to d.c. and 
hence acts as a perfect block for it. 

Q. 3.12. Distinguish between resistance, reactance and 
impedance for an a.c. circuit. 

(C.B.S.E. 2000, 1999, 1994 ; H.S.S.C.E. 1999) 

Ans. Resistance. The resistance of an a.c. circuit is the ohmic 
resistance offered by a conductor connected in the circuit. It is due 
to the nature of the material (resistivity) of the conductor. 

Reactance. The reactance of an a.c. circuit is the resistance 
offered by an inductor or a capacitor connected in the circuit. It 
arises because of the fact that the alternating e.m.f. and the 
current differ in phase by 2/2, when a.c. flows through an 
inductor or a capacitor. 

Impedance. The impedance of an a.c. circuit is the effective 
resistance offered by the LR-circuit or CR-circuit or LCR-circuit. 

Q. 3.13. Explain the terms reactance and impedance as 


Ans. Capacitive reactance, Xc = 


applied to components of an a.c. circuit. ie B.S.E. 2001 S): 


Ans. Refer to SAQ 3.12. a an wiy 


Q. 3.14. The frequency of a.c. source is doubled. How. 


do R, X; and X¢ get affected ? 
Ans. There is no éffectof doubling the-frequency of the 
a.c: source on R. 


Since X, = 2 7 f L, thetdlue/of X; beedmes/double of |! | 


to tromas!? sli 40 gnABicies 


doubling the frequency of a.c. source. 


Further, Xo =. Therefore, the value of >? 


becomes half on doubling the frequency of a.c. source. 

Q. 3.15. Draw the graph showing the variation | 
reactance of (a) a capacitor and (b) an inductor with tl 
frequency of an a.c. circuit. (C.B.S.E. 2002 ; 2000, 199 

1998, 1995, 1994 ; H.S.S.C.E. 199 

(a) Reactance of a capacitor, 

1 1 
“< 2nafC ila ie f 
Graph between f and X¢ will be as shown in Fig. 3.2! 


oO fie 
Fig. 3.25 
(b) Reactance of an inductor, 
X,=2aflL or X,«f 
Graph between f and X, will be as shown in Fig. 3.2¢ 


Fig. 5.26, 

Q. 3.26. An air core coil and an electric bulb a 
connected in series across a 220 V-50 Hz a.c. source. T] 
bulb glows with some brightness. How will the glow of tl 
bulb be affected on introducing a capacitor in series in tl 
circuit ? Justify your answer. (C.B.S.E. 199 

Ans. The brilliance of the bulb depends upon the curre 
through the bulb. If R is resistance of the filament of the bu 
and L the inductance of the coil, then current through tl 
bulb, 

E 


R*40717 


When capacitor is put in series, the current through tl 
bulb becomes 


I,= 


E 


[R2+(oL-1/0C) 

Since I’,,> I, , the bulb will glow more brightly on puttir 
the capacitor in series. 

a 3.17. When an a.c. circuit with a series sme 


I,’= 


value. 2 Why ? 
Ans. In an LOR sees sa he current is given sy 


J 


PU re eg 1 
AnLCR-circuit comes into resonance, whenw L= re 
o 


In that case, the current is given by 


Since R< {R?+(@L-1/@C) , it follows that’, >I, 


Q. 3.18. When a capacitor is connected in series with 
a series LR- circuit, the alternating current flowing in the 
circuit increases. Explain, why. (C.B.S.E. 1998) 
Ans. The impedance of LR-circuit, 


Za=yRoh Oeoke 


Therefore, current in LR- circuit, 


Xe 


When a capacitor is connected in series with LR-circuit, 


then 
Z)=R2+(@L-1/@C) 


Hence, current in the circuit, 


In = ev 


2 
(R?+(@L-1/0@C) 
From equations (i) and (ii), it follows that I, 1,. Hence, 
when a capacitor is connected in series to an LR-circuit, 
current in the circuit increases. 


Q. 3.19. Discuss resonance in a LCR-series a.c. circuit. 
(H.S.S.C.E. 1994) 


ri) 


Ans. Refer to section 3.11. 

Q. 3.20. An inductor L of reactance X;, is connected in 
series with a bulb B to an a.c. source as shown in Fig. 3.27. 
Briefly explain how does the brightness of the bulb change, 
when (a) number of turns of the inductor is reduced and 
(b) a capacitor of reactance X- = X; is included in series in 
the same circuit. (C.B.S.E. 2002) 


L B 


Fig. 3.27 
Ans. (a) If R is resistance of the filament of bulb, the 
impedance of the circuit, 


Z=/R*+ Xz? 


When number of turns of the inductor is reduced, X; and 
hence Z will decrease. This will result in increase of current 
in the circuit and hence the bulb will glow more brightly. 

(b). When a capacitor of reactance X¢ is connected in® 
series, then impedance of the circuit, Aerts 


tip? err any DHS 1 


W .sulsy 
A: 


enA ‘i 


Since Xp =Xer Z-=Ri.e.impedance of the circuit will be,, . 


minimum (merely:equal: to. the resistance of the filament of 


the bulb). Therefore, brightness of the bulb will become 
maximum. 
Q. 3.21. What is the quality factor (Q) in an a.c. circuit ? 
(CB5.6..1992) 
Ans. Refer to section 3.12. 
Q. 3.22. Explain sharpness of resonance. 
(H.S.S.C.E. 1994) 
Ans. Refer to section 3.12. 
Q. 3.23. What do you mean by power factor ? On what 
factors does it depend ? CFS 'C. E1998) 
Ans. Power factor. The cosine of the phase angle between 
alternating e.m.f. and current in an a.c. circuit is called the power 
factor of the circuit. 
If ¢ is the phase angle between alternating e.m.f. and 
current in an a.c. circuit, then 
power factor of a.c. circuit, 


cos ¢ = 
R2+(L-1/@C)” 

It follows that power factor of an a.c. circuit, in addition 
to the values of the circuit elements R, Land C, depends upon 
the frequency of the a.c. source. 

Note. Also, true power (or average power) 

= apparent power x power factor 


true power 
Therefore, power factor = pans! abil Tea 
apparent power 


Thus, power factor of an a.c. circuit may also be defined as 
the ratio of true power of the circuit to its apparent power. 

Q. 3.24. Explain the importance of power factor. 

(PS.S.C.E,. 1997.9) 

Ans. The average power, P=E,, 1, cos @ . 

In the electric circuits operating some electric appliance, 
the power factor is kept as low as possible. It is done so that 
the power consumption in the circuit is low. 

On the other hand, when power is to be transmitted, the 
power factor is made as large as possible. 
presales 

E, cos @ 
the large value of power factor will reduce current and hence 
dissipation of electric energy in the form of heat along the line 
wires will be low. 

Q. 3.25. Which is more dangerous in use : a.c. or d.c. ? 
Explain, why. 

Ans. The a.c. is more dangerous than d.c. of the same 
voltage. It is because, the peak value of a.c. is more than the 
indicated value. For example, a 220 V a.c. has a peak value 


of 220 x V2 V.~ 311 V, whereas peak value of a 220 d.c. is same 
i.e. 220 V. 

Q. 3.26. Why is a.c. more dangerous than d.c. for the 
same voltage ? (H.S.S.C.E. 2001) 


Since 


Or 
/>) Why. 220:V.a.c. is more dangerous than 220 V dic. ? 
(P.S.S.C.E. 2001) 


siduotAnssRefer to SAQ 3.25. 


YA REDE EU E RECLINE 


essa 


Q. 3.01. A choke coil in series with a lamp is connected 
to a d.c. line. The lamp is seen to shine brightly. 
Insertion of an iron core in the choke causes to change the 
lamp’s brightness. Predict the corresponding observation, 
if the connection is to an a.c. line. (Text Question) 

Ans. When constant d.c. is flowing, choke coil has no 
reactance. Therefore, even when iron core is inserted, the 
brightness of the lamp will not be affected. In case the lamp 
is connected to a.c. line, the insertion of iron core will increase 
the inductance of the choke coil and hence its reactance. Due 
to this, lesser current will flow and brightness of the lamp will 
be reduced. 

Q. 3.02. A lamp is connected in series with a capacitor. 
gh Predict your observations for d.c. and a.c. connections. 
What happens in each case, if the capacitance of the 
capacitor is reduced ? (Text Question) 

Ans. When a lamp is connected to d.c. line through the 
capacitor, it will be an open circuit. It is because, a capacitor 
acts as a block for d.c. ( Xc= 2). Therefore, lamp will not glow, 
even if C is reduced. 

When the lamp is connected to a.c. through the capacitor, 
the lamp will glow. It is because, a capacitor has finite 
reactance for a.c. On reducing C, reactance due to capacitor 


(Xc =I/@ C) will increase. Since current becomes lesser, the 


lamp will shine less brightly. 
Q. 3.03. In any a.c. circuit, is the applied instantaneous 
voltage equal to the algebraic sum of the instan- 
taneous voltages across the series elements of the circuit ? 
Is the same true for r.m.s. voltages ? (Text Question) 
Ans. No, the applied instantaneous voltage is not equal 
to the algebraic sum of the instantaneous voltages across the 
series elements of the circuit. It is because, voltages across 
different elernents are not in phase. For the same reason, it ‘is 
also not true for rm.s. voltage. 


Q. 3.04. An applied voltage signal consists of a super-' 


position of a d.c. voltage and a.c. voltage of high 
frequency. The circuit consists of an inductor and a capacitor 
in series. Show that the d.c. signal will appear across C and 
the a.c. signal across L. (Text Question) 


Ans. We know, X; =@L and X<.=1/@C 
X;, has zero value for d.c. and high value for a.c., while 
Xc has infinite value for d.c. and low value for a.c. When 
applied voltage signal consisting of superposition of a d.c. 
voltage and an a.c. voltage, the inductor will oppose a.c., 
whereas it will allow easy path to d.c. Therefore, a.c. voltage 
will appear across L. For similar reason, d.c. voltage will 
appear across C. 
Q. 3.05. Explain : voltages across L and C in series are 
180° out of phase ; while for L and C in parallel, 
currents in L and C are 180° out of phase. (Text Question) 
Ans. For given current I (= I, cos wt), the expression for 
voltages across L and C in the LC-series circuit are 


" 46 
E=E, cos [or + *) and E =E, cos [ot “ *) 


respectively. 
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It follows that the voltages are Nap out of phase, when 
Land C are in series. 

For given voltage E =E, cos wt, the expressions for 
current through L and C in the LC-parallel circuit are 


I=], cos a z) and I= 1) cos (os 4 4 


respectively. It follows that the, currents are 180° out of phase, 
when L and C are in parallel. 
Q. 3.06. The total impedance of a circuit decreases, 
ve when a capacitor is added in series with L and R. 
Explain, why. 
Ans. The impedance of LR-circuit is given by 


Z, = )R?+ 0°? 


When capacitor is added in series with L and R, 
impedance of the circuit becomes 


Zp =R2+(@L-1/@C) 


Since (@ L-1/@ C) < L, it follows that Z, < Z). 


Q. 3.07. For circuits used for transporting electric 
power, alow power factor implies large power loss in 
transm-ission. Why ? (Text Question) 


Ans. We know, P,,,, = E,, I, cos @ 
or sor eae 
E, cos 


To supply a given power, low power factori.e. low value 
of cos @ means larger current will flow across the line wires. 
Since energy dissipation is I,” R, large heat losses will occur 
in such a case. 

Q. 3.08. Power factor can often be improved by the use 
of a capacitor of appropriate capacitance in the circuit. 
Explain. (Text Question) 


R 


|R2+(@L-=1/@C) 


By adjusting C, 1/w C can be made equal to L i.e. the 
value of Z can be made equal to (or approach) R, so that 
power factor becomes unity. 

Q. 3.09. Why power factor correction is must in heavy 

machinery ? (P'S.5.C e201 gh 996) 

Ans. A heavy Bont ty requires a large power. We 
know that 


R 
Ans. We know, cos @ = = = 


Pay = Ey I, cos d 

For given supply voltage, the required power can be 
supplied to the heavy machinery either by supplying large 
current or by improving power factor (cos ). So that large 
current can be drawn by the machinery, thick wires have to 
be used. It will result in greater cost ‘of installation. Therefore, 
in practice, power factor (cos @)is ‘corrected, by. decreasing op. 
It is achieved by; connecting;a,capacitor,of sujtable value. As 
the capacitive reactance and the inductive:reactance are 
always ouf’of phasé'with each Uther the presérice of capacitor 
increases the value of cos @. 


1. 
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11. 


12. 


13; 


14. 


15: 


16. 
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,. square value of alternating current. 
.. Derive the relations. for average value and r.m.s. value 
., (effective value) of a.c. ... i 
3. Derive the relations for average and r.m.s. value of an 


Prove mathematically that the average value of alternating 
current over one complete cycle is zero, (C.B.S.E. 1999 S) 
Distinguish between the terms ‘peak-value’, ‘mean value’ 
and ‘root mean square value’ of an alternating current. 
How are they related to each other ? 
Define peak value and root mean square value of 
alternating current. Derive an expression for the root mean 
square value of alternating current. (H-PS.S.CE41999) 
Define virtual e.m.f. and find the relation between virtual 
e.m.f. and maximum e.m.f. in a.c. (HjS:5;C.E..1 992) 
What is meant by root mean square value of alternating 
current ? Derive an expression for r.m.s. value of alter- 
nating current. GhP.SS.C FE. 1998) 
An a.c. voltage E = E, sin wt is applied across an induc- 
tance L. Obtain an expression for the current I. 
(P.S.S.C.E. 2001, C.B.S.E. 1990) 
Show that in an inductance, the voltage leads the current 
by 2/2. 
Derive an expression for impedance of a coil in an a.c. 
circuit. (C.B.S.E. 1992) 
An alternating e.m.f. is applied across a capacitor. Show 
that current in it leads the applied e.m.f. by 90°. What is 
capacitive reactance of such a circuit ? Write down the units 
of capacitive reactance. 
Discuss phase relationship between current and e.m.f. in 
an a.c. circuit containing a capacitor only. 
WS:SiC.E. 1992) 
Derive the expression for the impedance of an a.c. circuit 
with an inductor ‘L’ and a resistor ‘R’ in series. 
(C.B.S.E, 1993) 
An alternating source of e.m.f. is applied to an inductor 
and resistor in series. Investigate the phase relationship 
between current and e.m.f. What is the impedance of the 
circuit ? 
Derive the expression for the impedance of an a.c. circuit 
with a capacitor and a resistor in series. (C.B.S.E5 1993) 
Analternating source of e.m.f. is applied to a capacitor and 
resistor in series. Investigate the phase relationship 
between current and e.m.f. What is the impedance of the 
circuit ? 
What do you mean by inductive reactance, capacitive 
reactance and impedance ? Show that a capacitor is a block 
for d.c. ; and inductor, a block for a.c. 
What is impedance ? Derive a relation for it in an a.c. series 
LCR-circuit. Show it by a vector diagram. 
(PS.S.C.E..1996 $) 
What is meant by an LCR-circuit ? Find the impedance of 
such a circuit. What is the phase relationship between the 
current and e.m.f. in such a circuit ? 


Define mean value and root mean square value of 
alternating current. Derive an expression for root mean 
. (H.S:S.C.E. 2001) 


_ (BS.S.C.E. 2000) 


© altetnating current. Which valte of thé current, do we 


>A onl. measuré with ‘an-ac.jammeter 21.9" (PSIS.C-E. 1998S) 
o16 40 An alternating 'e.m.fcis supplied:toG)a pure resistance, 
vosinng nV pure IRAU RARE GEDA PHP KARAAERSS 10 ey vis 
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How does the term electric ‘resistance’ differ from 
‘impedance’? With the help of a suitable phasor diagram, 
obtain a relation for impedance in an a.c. series LCR- 
circuit. (RSiS.C.E. 1994) 
What do you mean by impedance of LCR-circuit ? Derive 
expression for it. What is the condition for resonance ? 
(H-P:S,S.C.E. 1993) 
Discuss the phenomenon of resonance in a LCR series a.c. 
circuit. (6-B15.E..1992) 
Explain the term resonance for a series LCR-circuit. 


Calculate the resonant frequency. (H.S.S.C.E. 1998) 
Obtain condition for the resonance of LCR-circuit and 


show that resonance frequency is ——~=—= . 
. 20 Gs 

(H-P.SS.C:E. 1998 S) 

Draw a circuit diagram showing a series LCR-circuit and 
derive an equation for its resonant frequency. 

(.S.C.E. 1996) 

What do you mean by sharpness of resonance in a series 

resonant circuit ? Find expression for Q-factor of the 

circuit. WHS.5.G5, 1992) 

Prove that an ideal resistor connected to an a.c. source 


ben Ver 
dissipates power TR cc BeS. F271996) 


Show mathematically that an ideal inductor does not 


(P.S.S.C.E. 2002, 2001 ; C.B.S.E. 1990) 
Prove that an ideal inductor does not dissipate power in 
an a.c. circuit. (C.B.S.E. 2001 S) 
Show mathematically that the average power supplied to 
an ideal capacitor by a source over a complete cycle of a.c. 
is Zero. (C.B.S.E. 2001 S) 
Prove that an ideal capacitor connected to an a.c. source 
does not dissipate power. (H.S.S.C.E. 2001) 
Distinguish between the terms reactance and impedance 
of an a.c. circuit. Prove that an ideal capacitor connected 
to an a.c. source does not dissipate power. 
CC-9: But 996) 


(PS.S.C.E. 2000, 1999 S, 1999, 1997 S ; H.S.S.C.E. 1998) 
Show that the average power transferred to an a.c. circuit 
is in general given by P= Vy i.5 Lem. R/Z, where R is the 
resistance in the circuit. (C.B.S.E. 1990) 
Find the expression for the true power and apparent power 
in ana.c. circuit. Determine the condition that a current in 


is power factor ? 
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Investigate the phase relationship between current and 
e.m.f. in each of the above cases. 
How does the term ohmic resistance differ from 
inpedance ? With the help of a suitable phasor diagram, 
obtain the relation for impedance in an a.c. series LCR- 
circuit. (P.S.S.C.E. 2002, 2000) 
Using phasor diagram, derive an expression for impe- 
dance of an a.c. circuit containing LCR in series. What do 
you mean by resonance of such a circuit ? 

(P.S.S.C.E. 2002, 2000) 


10. 


11. 


A series circuit contains L, C and R as circuit elements. 
Discuss current-voltage relation, when a.c. is passed 
through such a circuit and hence find the expression for 
the impedance of the circuit and resonant frequency of the 
circuit. (H.P.S.S.C.E. 2000) 
What is impedance of an electric circuit? Derive an 
expression for impedance of an a.c. LCR series circuit. 
Also find the expression for resonant frequency. 
(PS.S.C.E. 2000) 
With the help of a phasor diagram, obtain a relation for 
impedance in an a.c. series LCR-circuit. What is meant by 
resonance of this circuit ? Find relation for resonant fre- 
quency of series LCR-circuit. (S.S:C.Ey 1999) 1995) 
Define an expression for the impedance of an a.c. circuit 
with an inductor L and a resistor R in series. Also obtain 
the expression for average power in this circuit. 
(PS'S\C.E.. 2000) 
Deirve an expression for the impedance of an a.c. circuit 
with capacitor C and resistor R in series. Also obtain an 


Type A. On Equation for instantaneous value of a.c. 


1. 


A man is given a shock with 220 volt d.c. and thereafter 
with 220 volt (r.m.s.) a.c. Will he feel the same intensity of 
shock in the two cases ? Give reasons in support of your 
answer. [Ans. In case of 220 volt a.c., shock will be 
of greater intensity as peak value of e.m.f. is 311- 1V] 
Theinstantaneous current from ana.c.sourceis 
I=6sin 314 t 
What is the r.m.s. value of the current? (C.B.S.E. 1996) 
[Ans. 4-24 A] 
Find the time required for a 50 Hz alternating current to 
change its value from zero to the rm.s. value. 
[Ans. 2:5 x 1073 s] 


Type B. On a.c. circuit containing resistor 


4. 


A resistance of 20 2 is connected to a source of alternating 
current rated 110 V, 50 Hz. Find (a) the rm.s. of current, 
(b) the maximum instantaneous current in the resistor. 
[Ans. (a) 5:5 A, (b) 7-78 A] 
A 100 ohm iron is connected toa 220 volt, 50 cycles wall 
plug. What is its (i) peak potential difference (ii) average 
potential difference and (iii) rm.s. current ? 
[Ans. (i) 311-1 V ; Gi) 198-1 V ; (iit) 2:2 A] 


Type C. On a.c. circuit containing inductor 


6. 


T= 


8. 


10. 


A 100 Hz a.c. is flowing in a 14 millihenry coil. Find the 
reactance of the coil. (H.S.S.C.E. 1998) [Ans. 8-8 Q] 
At what ferquency will a 0-5 H inductor have a reactance 
of 1000 2 ? (H.S.S.C.E. 2002) [Ans. 318-3 Hz] 
Find the value of current through an inductor of 2:0 H and 
negligible resistance, when connected to an a.c. source of 
150 V and 50 Hz. (P.S.S.C.E. 1997) [Ans. 0-239 A] 
Find the maximum value of current, when inductance of 
one henry is connected to 200 volt, 50 cycles supply. 
(P.S.S,C.E. 2000) [Ans. 0-9 A] 
An inductance of negligible resistance, whose reactance is 
22 ohm at 200 hertz is connected to a 220 volt, 50 hertz 
power line. What is the value of the inductance, and reac- 


tance ? [Ans. 1:75.x.1072.H ;.5-5 Q] 


Type D. On a.c. circuit containing capacitor: 


11. 


Calculate the capacitive reactance of a capacitor ¢ of 
capacitance 1 microfarad for a frequency ¢ of 108/: 2.00 Hz" 
‘[Ans. 1 Q] 


12. 


13. 


14. 


15. 


16. 


12. 


13. 


-expression for its average power in 


(P.S.S.C.E. 2001) 
Define power in an a.c. circuit and obtain expression for 
(a) instantaneous power (b) the average power over a 
complete cycle in case of a circuit containing inductance, 
resistance and capacitance. What is power factor and 
wattless current ? 
Derive an expression between true power and virtual 
power of an a.c. circuit. How will you differentiate 
between true power and virtual power ? 

(P.S.S.C.E. 2002) 
Derive an expression for the average power in a LCR-series 
circuit connected to a.c. supply. Hence define power factor. 

(H.S.S.C.E. 2002) 
Find an expression for power of an a.c. circuit containing 
L, Cand R. (H.S.S.C.E. 2000) 
L, C and R are in series with an a.c. source. Calculate the 
power of such a circuit. Also obtain expression for resonant 
frequency. US .S- GE 1996) 


FREQUENTLY ASKED NUMERICAL PROBLEMS 


For Practice 


One microfarad capacitor is joined to 200 volt, 50 hertz 

alternator. Find the rm.s. current through the capacitor. 
[Ans. 0:0628 A] 

A capacitor of 1 F is connected to a source of a.c. having 

e.m.f. given by equation 

E = 200 cos 120 mt 

Find the value of rm.s. current through the capacitor. 

[Ans. 0-0533 A] 


Type E. On LR-circuit 


14. 


15. 


16. 


173 


18. 


19. 


A bulb of resistance 10 Q, connected to an inductor of 
inductance L, is in series with an a.c. source marked 
100 V — 50 Hz. If the phase angle between the voltage and 
current is 7/4 radian, calculate the value of L. 
(C.B.S.E. 2001) [Ans. 0-032 H] 
An a.c. source of 100 V (r.m.s.), 50 Hz is connected across 
a 20 ohm resistance and a 50 mH inductor in series. 
Calculate (i) impedance of the circuit and (ii) rm.s. current 
in the circuit. (C.B.S.E. 1993) 
[Ans. (7) 25-43 Q ; (ii) 3-93 A] 
A current of 11 A flows through a coil, when connected to 
a 110 V d.c. When 110 V a.c. of 50 Hz is applied to the same 
coil, only 0:5 A current flows. Calculate the (7) resistance, 
(ii) impedance and (iii) inductance of the coil. 
(C.B.S.E. 1992) 
[Ans. (i) 10 Q; (ii) 220 Q ; (iii) 0-7 H] 
A coil of inductance 0-5 H and resistance 100 Q is 
connected to a 240 V,50 Hz supply. What is the maximum 
current in the coil ? (Pre-degree Kerala, 1994) 
[Ans. 1-82 A (peak value)] 
A 100 V, 50 Hz a.c. source is connected to a series 
combination of an inductance of 100 mH and a resistance 
of 25 ohm. Calculate the magnitude and phase of the 
current. (C.B.S.E. 1991) [Ans. 2-49 A, 51° 29’] 
An alternating e.m.f. of 110 V is applied to a circuit 


-containing a resistance of 40 Q and an inductance L in 
, series. The current is found to lag behind the voltage by an 
' ‘angle @ = tan7!3/4. Find the (a) inductive reactance ; 


ey IY impedance of the circuit and (c) current flowing in the 
“1 Giréuity If the inductance has a Messe of 0-1 H, find the 


9998 frequency ofithe applied e.m.fi 


INNS. GE 995) 


inert Gt (0) ST HtAHS. (ay 301?) 50105 0) 22 A+ 47-75 Hz] 
20?" ‘Lire eipouit thatcontains an findludtand’: and a resistance 
Cl Yasar irnpedanééof 50 ohm at 100 Hz and an impedance 


23. 


24. 


25. 


26. 


of 100 ohm at 500 Hz. What are the values of inductance 


ie 37 y Moe 


and the resistance of the circuit ? 
[Ans. 28-14 x 10°H, 46:74 Q] 
When a series combination of a coil of inductance L and 
a resistor of resistance R is connected across a 12 V-50 Hz 
supply, a current of 0-5 A flows through the circuit. The 
current differs in phase from applied voltage by m/3 
radian. Calculate the value of Land R.  (C.B.S.E. 1997) 
[Ans. 0-066 H, 12 Q] 
When a series combination of inductance and resistance 
is connected with a 10 V-50 Hz supply, a current of 1 A 
flows through the circuit. The voltage leads the current by 
a phase angle of 7/3 radian. Calculate the values of 
inductance and resistance. (C.B.S.E. 1999) 
[Ans. 0-028 H, 5 Q] 
A coil of negligible resistance and inductance 0-02 henry 
is connected in series with a wire of zero inductance and 
resistance 12 ohm. An alternating e.m.f. of 130 volt and 
40 Hzis applied. Calculate the current, potential difference 
across the resistance and the angle of lag. 
[Ans. 10 A, 120 V, 22° 44’] 
Anelectric lamp, which runs at 100 volt d.c. and 10 ampere 
current, is to be run on 220 volt, 50 cycles a.c. mains. 
Calculate the inductance of the required choke coil. 
[Ans. 0-0624 H] 


‘An electric lamp marked 220 V d.c. consumes a current 


10 A. It is connected to a 250 V - 50 Hza.c. mains through 
a choke. Calculate the inductance of the choke required. 
(P.S.S.C.E. 2002) [Ans. 0-446 H] 
An 80 V-800 W heater is to be operated on a 100 V-50 Hz 
supply. Calculate the inductance of the choke required. 
(H.S.S.C.E. 2002) [Ans. 0:031 H] 


ype F.On CR-circuit 


27 


28. 


74) 


30. 


A series circuit contains a resistor of 20 Q, a capacitor and 
an ammeter of negligible resistance. It is connected to a 
source of 220 V-50 Hz. If the reading of an ammeter is 
2:5 A, calculate the reactance of the capacitor. 
(PS.S.C.E. 1999) [Ans. 85-7 Q] 
What is the value of current in the a.c. circuit containing 
R= 10 Q, C = 50 pF in series across 200 V, 50 Hz a.c. 
source ? (C.B.S.E. 1993) [Ans. 3-1 A] 
An alternating current of 1-5 mA and angular frequency 
300 rad s~! flows through 10 kQ resistor and a 0-5 pF 
capacitor in series. Find the r.m.s. voltage across the 
capacitor and irmpedence of the circuit. (C.B.S.E. 1993) 
[Ans. 10 V, 1-2 x 10* Q] 
When an electric derive X is connected to a 220 V, 50 Hz 
a.c. supply, the current is 0-5 A and is in same phase as the 
applied voltage. When another device Y is connected to the 
same supply, the electric current is again 0:5 A, but it leads 
the potential difference by 2/2. (a) What are the devices X 
and Y ? (b) When X and Y are connected in series across 
the same source, what will be the current ? 
(C.B.S.E, 1992) 
[Ans. X-resistor, Y-capacitor, 0-354 A] 


‘ype G. On LCR-circuit 


Slt 


3 


i n¢icaait. 8 groan 


- Aresistor of 50 ohm, an inductor of 20 /m henry anda 
‘ccapacitor of 5/7 microfarad are connected in series to a 
-woltage source 230 V-50 Hz. Find the impedence of the 


[Ans, 50 Q] 


ee) 


322 .Anesistoriof 12.Q,,a capacitor of reactance 14 Q anda pure 
/. ve inductor of inductance 0-1. are joined in series and,placed 
[SH macross a 220M-50)Hz aic. supply, Calculate (a) the current 
sorintitethe. circuit,and,(b)-the phase angle between the: current 
oonstaard woltage.sTakent = 3.00 O° fAns..(a)14,A.(b) 53-13°] 


33. 


34. 


35. 


36. 


Sdn 


38. 


39. 


40. 


41. 


Type H. On Resonance 


Aseries circuit with L = 0:12 H, C = 0-48 mF and R = 25 Q 
is connected to a 220 V variable frequency power supply. 
At what frequency is the ciruit current maximum ? 
(H.S.S.C.E. 2002) [Ans. 21 Hz] 
Aseries LCR-circuit with L = 0:12 H, C = 4:8 x 10-7 EF, and 
R = 23 ohm is connected to a variable frequency supply. 
At what frequency is the current maximum ? 
(C.B.S.E. 1990) [Ans. 663-15 Hz] 
A resistor, a capacitor of 100 pF capacitance and an 
inductor are in series with an a.c. source of frequency 
50 Hz. If the current in the circuit is in phase with the 
voltage, calculate the inductance of the inductor used. 
(C.B.S.E. 2000) [Ans. 0-1 H] 
An inductor L, a capacitor 20 #F and a resistor 10 Q are 
connected in series with an a.c. source of frequency 50 Hz. 
If the current is in phase with the voltage, calculate the 
inductance of the inductor. (C.B.S.E. 2001) [Ans. 0-507 H] 
A capacitor, resitor of 5 Q and an inductor of 50 mH are 
in series with an a.c. source marked 100 V, 50 Hz. It is found 
that voltage is in phase with the current. Calculate the 
capacitance of the capacitor and the impedance of the 
circuit. (C.B.S.E. 1999) [Ans. 202-64 yF, 5 Q] 
Find the capacitive reactance of a 10 pF capacitor at 
1000 cycles s“!. Calculate the inductance required to 
produce series resonance with the capacitor at this 
frequency. (H.S.S.C.E. 2002) 
[Ans. 15-92 Q, 2533 x 10° H] 
A100 mH inductor, a 25 pF capacitor and a 15 Q resistor 
are connected in series to a 120 V, 50 Hz a.c. source. 
Calculate (i) impedance of the circuit at resonance, 
(ii) current at resonance and (iii) resonant frequency. 
(C.B.S.E. 2000) Ans. (i) 15 Q (ii) 8 A (iii ) 100-66 Hz] 
A variable frequency 230 V alternating voltage source is 
connected across a series combination L = 5-0 H, C = 80 ms 
and R = 40 Q. Calculate (a) the angular frequency of the 
source which drives the circuit in resonance, (b) the 
amplitude of the current at resonant frequency and 
(c) rm.s. potential drop across the inductor at resonating 
frequency. (C.B.S.E. 2001 S) 
[Ans. (a) 50 rad s“!, (b) 5-75 A (c) 1437-5 V] 
A resistance of 2 Q, a coil of inductance 0-01 H are 
connected with a capacitor and put across a 200 
V and 50 Hz supply. Calculate (7) the capacitance of the 
capacitor, so that the circuit resonates and (ii) the current 
and voltage across the capacitor at resonance. (Take 2 = 3) 
(C.B.S.E. 1999 S) [Ans. (i) 1-11 mF ; (ii) 100 A, 300-3 V] 


Type I. On Power in a.c. circuit 


42. 


A 100 ohm geyser is connected to 220 volt, 50 cycles s“!. 
What is its (i) peak potential difference, (ii) average power 
delivered, (iii) peak power and (iv) energy delivered in 
10 minutes ? 


[Ans. (i) 311-1 V ; (ii) 484 W ; (iii) 967-8 W ; (iv) 2-904 x 10° J] 


43. 


44. 


oO ToT! 


A group of electric lamps having total power rating of 
900 watt is supplied an a.c. voltage 

' E=200 cos (314 t + 60°) 
Find rm.s. value of a.c. current. [Ans. 12-73 A] 
An alternating voltage E = 200 sin 300 f is applied across 
‘a Series combination of resistance of 10 Q and an inductor 


* of 800: mH. Calculate (i) impedance of the circuit, (ii) peak 
value of Curfent inthe circuit and (iii) power factor of the 


(C.B.S.E. 1994) 


circuit. : 
. fAns, (i) 240;2 Q ;,(ii) 0-833 A,, (iii) 0-042] 


SQ] & 10 


45.) Anelgctric lamp, runs at,120 volt a.c. and consumes 


‘OT 
tac 3 


12 ampere. Tt is connected to 220 volt, 50 hertz a.c. Find 
AS 


the value of tdueeanee required and er fact 
[Ans. 0-049 H ; 0- 0545] 


high Hequeney an Rinductor ina circuit sapere amounts { 


46. Find the capacitance of a capacitor, which when put in an open circuit. How does an inductor behave in a du 
series with a resistance of 10 ohm makes the power factor circuit after the steady state ? 
equal to 0-5. Assume an 80 volt-100 Hz a.c. supply. [Ans. (a) 1-08 x 10-7 A ; (b) ~ 90° , inductor behaves like 
[Ans. 9-19 x 107° F] conductor in a d.c. circuit 
47. A choke of 0-5 henry, a capacitor of 15 WF and resistance 52. Obtain the answers to (a) and (b) in solved problem 3-1 
of 100 ohm are connected in series across 200 voli, 50 hertz if the circuit is connected toa 110 V,12 kHz supply. Henc 
main. Find (i) current in the circuit, (ii) power factor of the explain the statement that a capacitor is a conductor at ver 
circuit. [Ans. (i) 1-752 A ; (ii)0-876] high frequencies. Compare this behaviour with that of 
48. Aresistor of 12 @, a capacitor of reactance 14 Q and an capacitor in a d.c. circuit after the steady state. 
inductor of reactance 30 Q are joined in series and placed [Ans. (a) 3-89 A ; (b) = 0°, capacitor amount 
across a 230 V, 50 Hz supply. Calculate (a) the current in to an open path in a d.c.. circui 
circuit, (b) the phase angle between the current and the 53. Inana.c. circuit, the potential difference across a 
voltage and (c) power factor. (eS)S C2002) inductance and resistance joined in series is respectivel 
[Ans. (a) 11:5 A (b) 53-13° (c) 0-6] 12 V and 16 V. Find the total potential difference across th 
49. Calculate the value of an inductance, which should be circuit. {Ans. 20 \ 
connected in series with a capacitance of 5 vF, resistance 54. A circuit containing a 80 mH inductor and a 60 p 
of 10 ohm and a.c. source of 50 Hz, so that the power factor capacitor in series is connected to a 230 V, 50 Hz supph 
of the circuit is unity. [Ans. 2:026 H] If the circuit has a resistance of 15 ohm, obtain the averag 
50. Aseries LCR-circuit with R = 10 Q,L =2 Hand C=25 pF power transferred to each element of the circuit and tk 
is connected to a variable frequency 200 V a.c. supply. total power absorbed. (H.S.S.C.E. 2006 
When the frequency of the supply equals the natural fre- [Ans. P,,,(R) = 790-6 W, P3(L).=0, RAC) = 
quency of the circuit, what is the average power transferred P_(total) = 790-6 V 
to the circuit in one complete cycle? (H.S.S.C.E. 2001) ; ; eons : : 
[Ans. 4000 W] 55: A coil has an inductance 0:7 henry and is joined in seri 
MISCELLANEOUS PROBLEMS witha resistance of 220 ohm. Find the wattless compone! 
of the current in the circuit, when an alternating e.m-f. « 
51. Obtain the answers to (a) and (b) in solved problem 3-09, 220 volt at a frequency of 50 Hz is supplied to it. 
if the circuit is connected to a high frequency supply [Ans. 0:5 / 
____SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FOR PRACTICE _ 
1. Refer to SAQ 3.25. 10. Here, at f = 200 Hz, X, = 22 Q 
2. Proceed as in solved problem no. 3.02 (iit). Now,X,=wL=2afxL or 22=2”x200xL 
3. Now, 1 =I, sin ot (i) ee ies 
Ip or L=——_=1-75 x 107 H 


Suppose that when t= t’, I=I, = acy 2a X 200 


Setting the above condition in equation (1), we get When connected to'220'V 50 Hz seated 3 
X,=2af'xL=22 x 50x 1-75 x 10° =55 Q 


Ip ; 1 
= =I) sin wt’ or sin wt’ =—= 1 1 
ll. Xc= SS Se ee 
v2 is x! b 2 C“2nfC 2x (10° /22)x 10° 
on, OF = von = = BS 12. Proceed as in solved problem no. 3.06. 
@ Am 4x20 fP8 13. Here, E = 200 cos 120 zt 
1 1 .. Ey = 200 V and w=1202 
or t'=——= =2-5x10%s ES tae 1 1 
8f 8x50 Now, Xc¢ = —3 = = = 26526 Q 
By LO oC 120210 
4. (a) l,=—+=—=55A 
R Eo 200 
otf Ip = —- = ———— = 0:0754A 
(b) Ip =V21, =V2x5-5=7-78 A ~X,  2652:6 
5. (i) Ey = V2 E, =V2 x 220=3111V Hence, 1, = 10. = 20754 ~ 0.0533 A 
en a 
2Eo | 2X 311-1 
(Gi) Ey = aes ee Le 2a fos ma 20Xx50XL 
1 a 14. tang="—= Or Warts Soe 
Ew 3220 R R ao 10 
(iii) 1, = 2 =—— =2.2A 1 
Rea LOU or 1=10aL vor “'L= 2 —=0:032,H 
6. Proceed as in solved problem no. 3.04 (a). we 
7. Proceed as in solved problem no. 3.04 (a). 15. Here, Be = 100 V; f=50 Hz;,R= 20 Q, 
8. Proceed as in solved problem no. 3.04 . =00 m= 0-05: Hs 55 = 
9. X,=2afxL=2ax50x1=1002H @ EERE TARE 


wEo (200. waa “ phen = 2543 2. 


Bh EXPO OO oe DBO is 
= = 637 = 0. Mii) I 2 alo eosus5 wit at “qth want 
Hence, Ig = v2.1, = 2 x0 657m 09 A ley sicnte:iaslieltter th _ 2H? Ad Meoobllintnalisoeortns® 


me “116... Proceed as.in, solved pproblem,n0,.3.08. o.;952 


19. 


20. 


21. 


22. 
23. 


24. 


18. 


oceed as in sol ob 
Proceed as in solved problem no. 3.09. 


4 


Here, E, = 110 V; R= 40 Q and tan 9 = 


oL_X 
t SS Se 
(a) tang RiltR 


or X, =Rx tan p= 40x =30.2 


(b) Z= JR? +X12 = |(40)? + (30)? = 50 2 


E 110 

L, =— =—=22A 
cane 
Now, X,,=22fL 


ni 30 
AL. ———— = 47.75 Hz 
22 ° 


Z= JR? +(20 f L 


Z =50.Q 


50 = R? + (20 x 100 x [)* 
or {R? + (200 2 L)* =50 i) 


Atf=500Hz, Z=1002 


7 100 = {R? + (20500 L)? 
or R? + (1000 x L)? = 100 


From equations (i) and (ii), it can be obtained that 
L=2814x10°H and R = 46-74 Q 


mise E, 12 


at or 05 = 

az vd 
|R2+(22 f L {R? + (2 x50 XL) 
or JR? + (100.2 L)? = 24 (i) 


or f= 


Now, 
At f = 100 Hz, 


...(1) 


Ogee 2ote PM PGE 
tang=-——= % 
Also, p R R or tan = 
1008 L | cae or WALL 5 
R R 
or 1007 L=V3R (ii) 


From equations (i) and (ii), we have 


\R? + (V3 R)* = 24 or 

From equation (ii), we have 

PUB R" fx 12 
1002 1002 


Proceed as in problem no. 21. 
Here, L= 0-02 H; R= 122; E, = 130 V;f = 40 Hz 


R=12 Q 


= 0-066 H 


a E. ‘ 130 

P YR2+ (20 FL (12)? + (2.2 x 40x 0-02)" 
gel 210A 
1B 


Potential difference across R, Vp = 1 x R=10x12=120 V 

Al a iy Rakes os cid te Meat a 
eee R R 12 

or gp = 22° 44’ 

When lamp is run on 100 V d.c. : 


=0- 4189 


“ If R is resistance of the lamp, then 


When lamp is run on220V 0.00% aL. (ti) 
Suppose that choke coil of inductance L is connected in 


series to’ thé lamp so'that current'of 10'A (equal to its 


Pas), 


26. 


27. 
28. 
29. 


30. 


31. 


Oz. 


Now, |, =————> 
VR? +(20 f L? 
220 
0 


r 10= 
ao)? + (22 x50 x L)? 


or 100+(1007L)* =22. or 100 2 L= (22)? - 100 


(22)° — 100 
or L=———— = 0:0624 H 
100 x 
Proceed as in problem no. 24. 
2. \2 
Here, a aed =8Q 
Pe 800 


Now proceed as in problem no. 24. 
Proceed as in solved problem no. 3.12. 
Proceed as in solved problem no. 3.13. 


Here, I,, = 1:5 mA = 1-5 x 103 A;@ = 300 rad s!, 
R=10kQ=10*Q and C=0-5 uF =0:5 x 10°F 
The 1 
oC 300x0:5x10 ° 
Therefore, r.m.s. voltage across the capacitor, 
Ve = 1, x Xe = 15 x 10° x 6:67 x 10° = 10 V 


Also, Z= |R2 + Xc2 = (104)? + (6-67 x 109)? 


= 1-2 x 10° Q 
(a) When device X is connected to a.c. supply, the current 
and voltage are in phase with each other. Therefore, the 
device X is resistor. Its resistance is given by 


= 6-67x 10° Q 


Now, Xc = 


When deviceY is connected to a.c. supply, the current leads 
e.m.f. by phase angle 2/2. Therefore, the device Y is 
capacitor. Its reactance is given by 


Xp 209 


0:5 
(b) Now, Z= |R2 + Xc2 = (440)? + (440)? = 440 V2 Q 
A (2 


20 5 5 
Here, R= 50 Q;L= —H;C=— wF=—x 10°F; 
aw TU of 


E, = 230 V and f = 50 Hz 

Now, Z= JR? +(X, — Xc)” 
2 

Here, X_ =22 f L=24x 50x — = 20002 
eA 


1 il 


m —— = 20002 
Oe Co 2 X50 «(5/7 410 6) 


and Xe = 


Z = (50)? + (2000 - 2000) = 50 2 
Here, R= 129; Xo = 14Q,L=0-1H, E, = 220 V ;f=50 Hz 
(a) Now, X, =27fL 


=2%3x50x0-1=30 (Take = 3) 
2. Z= YR? +X, — Xe)? = 12? + G0- 147 = 20 2 
Hence, 1 = een A 

20 
X= Xe_30-14 
tan p= be = =1-3333 
(b) tan . a 


or =p = 53-13° 


34, 
ao. 


36. 
37. 


38. 


39. 


40. 


41. 


33. 


Here, L = 0-12 H# C2048 mF 2048's 10 eee 
R=259,E, =220V 
BS 


VR? +(X, -Xc)? 


The current in the circuit will be maximum, when 
impedance of the circuit is minimum 
it 
Ay f C 
72 1 f i! 
2m JLC a9 Jo-12x0-48x 10-3 
Proceed as in problem no. 33. 


Here, C = 100 uF = 10+ F; f = 50 Hz 
The current in LCR-circuit is in phase with the voltage, 


Now, I, = 


i.e. Xy =Xe or PGP ON = 


or = 21 Hz 


1 
when X; = X Ore 207 l= 
bee f DTK 
1 1 
or Lesa 5 =z = 01H 
4n° f° C 4° x(50)* X10 
Proceed as in problem no, 35 
1 1 
Now, C3 yg 4 3 2 =a 
4n° f° L 42° x(50)" x50 x 10 


= 2-0264 x 10+ F = 202-64 yF 


Also, Z= JR? +X, - X¢)? 
Since X; = Xc, HaR=5O 

ie es 1 
2xfC 2xx1000x10x10~° 
For finding the value of L, proceed as in problem no. 35. 
Here, L = 100 mH = 0-1 H; C = 25 wF = 25 x 10°F; 


Xel= = 15-92 Q 


R=15Q and E,=120V 
(i) At resonance, Z = R = 15 Q 
E 120 
i) At /1,==2=— =8A 
(ii) At resonance, I, Z 15 
(iii) Resonant frequency, 
farm sae aa : 100-66 Hz 
YE '9 01% 25x 10°" 
Here, E, = 230 V;L=5-0H;C = 80 uF = 80x 10°F; 
R=40Q 
(a) For resonance in circuit, 
1 il 
X; =X r oL=— v=>—— 
L=Xc oO Bs or jie 
or o= : = 50 rad s“} 
y5:0x80x10-° 
(b) Current at resonance, I, = Ee = mal =5-75A 
Rie 20) 


(c) V, =1, x @ L=5-75 x 50 x 5 = 1437-5 V 
Here, R=2 Q;L=0-01H;E, = 200 V;f=50 Hz 
(i) At resonance, Xj, = Xo 
1 1 
4x? f2L 4x (3)2x(50)2 X0- 01 
= 1-11 x 103 F =1-11 mF 
(ii) At resonance, current through ee (or circuit), 
5 = == oar 100'ALs® £0 A 4 2 ae 
(iii) At resonance, voltage, across capacitor, 


7 


or C= (Take a = 3) 


Vial & Xe ue 2 
(is v cc v 2nfC 


42. 


43. 


44. 


45. 


46. 


47. 


100. 


a ae Gid SAO PONE ¥ (Take a = 3). 
2xX3x50x1-11 x10 
= 300-3. V . 
Here, R = 100 2, E,, = 220 V ; f = 50 Hz 
() E, =V2 E, =V2 x 200=311-:1V 
(i) (Pee Beit cos p= 20x =x cos 0° = 484 W 
a uy 
(iii) Peak power = Ey Ip = 311-1 x = 967-8 W 


(iv) Energy delivered in 10 minutes, 
W =P, x t= 484 x 10 x 60 = 2-904 x 10° J 
Here, P,,, = 900 W and E= 200-cos (314 ft + 60°) 


“. Ey = 200 V, @ = 314 rad s! and ¢ = 60° 


Now, P,, =E, I, cos¢= Fo y I, cos@ 


ee 
or 900 = autan cos 60° or J Pf ska 
al 2 ° 200 x cos 60° 
Here, R = 10 2 ; L= 800 mH = 0:8 H 
and E = 200 sin 300 t 
-E,=200V and ’o' =300 rade" 
(i) Now, X; = @ L = 300 x 0-8 = 240 Q 


=12:73 A 


ie (R? #X,? = (a0)? +(240)* = 240-2 Q 
(ii) gicia Bo 53 833 A 
7, ba24o-2 


R 
(iii) Power factor, cos ¢ = — = = 0-042 


Z 240-2 
To find L, proceed as in problem no. 24. It will be found 


that resistance of the lamp, R = 10 Q and.L = 0-049 H. 
Now, power factor, 


oes eee = a 
VR2+Qxf6L)?2 a0? +22 x50x 0-049)? 
= 0-0545 
Here, cos @ = 0-5,R=10 2; E, = 80 V;f = 100 Hz 
R 10 
Now, cos @ ===»), or Os See ee 
R7 +X (10)? + X¢2 
or y100+Xc2=20 or Xc= 7300 
or : = 7300 
DE 
or C= : = 3 = 9-19 x 10° F 
2a fx 300 22x 100x300 


Here, L=0-5H;C =15 uF =15 x 10°F;R=100Q, 
E,,= 200°V if = 50° Hz 
E, 
WRG ue Cspeue i 
NOG PE 2 ae 
1 14 
Dif Ok 2a x 50% 15% 10" ie 


MeHg 1 752 8A srclat 
I a 
(100)? + (157004 212794 TF oS in| 


(ii) Power es 


(i) 1,= 


and X¢ = 212:21 Q 


is} (d) 


°° 0 10 


100° 


rare Kata ~ Tao + (157-1 — 212-21)2 


= 0-876 


cos p= 


49. 


50. 


52. 


Here, R = 12 Q;Xo=14Q ;%, =309,E, = 230V; 
f =50 Hz 


Now, Z= |R2 +X, — Xc)? = (0? + (30-14? = 20 


(a) [p= a= = 15 A 


(b) tang= hiss 


= 1°3333 
R 12 
or o = 53-13° 
Rese le 
18 fact s~=—=— =0- 
(c) Power factor, cos ? 7 20 0-6 


Here, C =5 uF =5x 10°F; R= 10 Q; f = 50 Hz 
The power factor of an a.c. circuit is unity, when the circuit 
is purely resistive i.e. X, = Xc 
areas Sa a aban pe nite ava 
An? f?C 4n7x(50)*x5x10° 
Here, R = 102;L=2H;C =25 mF =25x 10°F; 

E, = 200 V 
When the frequency of the a.c. supply equals the natural 
frequency of the circuit, X; = Xc ie. Z=R 
». P,, =E, 1, =E, x ~ = we 


Here, R = 100 Q; L= 0-50 H ; f = 10 kHz = 10* Hz; 


or T= = 2:026H 


= 4000 W 


E,=240V 
E 240 
nas 2 7 te 2 4 2 
\R +(20 f L) (100) +(22x10* X0°50) 
hs Ae ea AWE CS 
31416-1 


Now, Ip = V2 1, = V2 X7-64 x 10°? = 1-08 x 107 A 


) epee 2 fL_ 22x 107 x0:50 _ 
R 

or = 89-82° = 90° 
From the solved problem 3.09 (a), it follows that 
when f =50 Hz,I,=1:29A 
However, when frequency is very high (~ 10 kHz), the 
current drops to 1-08 x 10-2 A (nearly zero). Hence, at very 
high frequency in an a.c. circuit, an inductor nearly 
amounts to an open circuit (offers very high resistance). 
For a d.c. supply, f = 0 

X, =2afL=22x0x050=0 
Thus, in a d.c. circuit, inductor offers no resistance 1.é. it 
behaves like a conductor. 
Here, R=40Q;C =100uF =107*F;E,=110V; 

f= 12 kHz = 12 x 10° Hz 


(a) I ve tracBytic | 
‘he 
{R? + X¢? 
1 
Nowy Xo bee eee 00138. 
Con fC 2nx12x10x10* 
foits te che Wastsce ety sehy 


” c40y? + 0-133)? 


Hence, Ip = V2 1, = V2 x 2:75 = 3:89 A 
Xo Bis 

R40 

or gp =0-2° = 0° 


(b) tang = = 0-0033 


“(S- SiS f- VEL (OOD) 


53. 


54. 


55. 


In absence of capacitor, 
current through the circuit = ie ace 2°75 A 
R 40 


It follows that when frequency is very high (~ 12 kHz), 
currentin the circuit is same, whether capacitor is connected 
in the circuit or not. In other words, at very high frequency 
capacitor behaves like a conductor in an a.c. circuit. 
For d.c. supply, f = 0 
1 1 

= = =i =e 

2nafC 22x0x10 
Thus, in d.c. circuit, a capacitor amounts toan open circuit 
(offers infinite resistance). 
Here, V; = 12 V and Vp = 16 V 
Let I, be rms. value of current in the circuit. Then, 


do Nev ®, 


. Xc 


L 


I, v 
z= {R24 X,2 = /(16/1,)° +02/1,)° 
6)? +12)? _ 20 
3 wipes 


I 
0) v 
Hence, potential difference across the circuit, 
20 
E,, = Lys elly woes 2 00V: 
v 
Here, L = 80 mH = 0-08 H ; C = 60 uF = 60 x 10°F; 
R=15Q;E, =230 V;f=50 Hz 


Z= JR? + (X_- Xe) 
Now, X, =2afl=2a x 50 x 0:08 = 25-13 Q 
1 1 


= = 53-05Q 
2a fC 2ax50x60x10° 


and Xc= 


Z = (05)? + (25-13 - 53-05) = 31-72 
E 230 
L, =— =——_ =7:26 A 
Also, 1y 7 317 
Now, average power transferred to R, 


Pi» (R) = Vp x I, cos 0° = (I, R) x1, x 1=1,°R 
= (7-26)? x 15 = 790-6 W 

Average power transferred to L, 

P,, (L)= Vy x1, cos 1/2 = 0 
Average power transferred to C, 

Py ©) = Ve x I, cos (- 2/2) =0 
Total power absorbed by the circuit, 

Py (total) = 790-6 + 0 + 0 = 790-6 W 

Aliter. Total power absorbed by the circuit, 


R 
P_, (total) = E, I, cos @ = E,1,* Zz 


= 230 7:26 x 15 = 790-1 W 
O17 
Here, L = 0:7 H; R = 220 2; E, = 220 V ; f = 50 Hz 


Now, X;, =2afL=2 x 50 x 0-7 = 220 Q 


E 220 
i ate ee DRA 
PR? +xX,2 (220)? + (220)? 

Also, tang= “b= =1 or gp = 45° 


Therefore, wattless component of the current, 
L, sin ¢ = 0-707 sin 45° = 0-5 A 


) 


CHAPTER 


es 4.07. TRANSFORMER 


It is a device used for converting low alternating voltage at high current into high 
voltage at low current and vice-versa. 

Principle. It works on the principle of mutual induction i.e. if two coils are 
inductively coupled and when current or magnetic flux is changed through one of the two 
coils, then induced e.m.f. is produced in the other coil. 

Construction. It consists of two coils P and S wound on a soft iron core. The 
coils P and S are called primary coil and secondary coil respectively [Fig. 4.01]. The 
a.c. input is applied across the primary coil and the transformed output is obtained 
across the secondary coil. To minimise eddy currents, the soft iron core is laminated. 

The transformers are of following two types : 

Step-up transformer. In a step-up transformer, the number of turns in secondary 
coil (N, ) is greater than the number of turns in primary coil ( Np ) i.e. N, > N,,. The 
primary coil is made of a thick insulated copper wire, while the secondary coil is 
made of a thin insulated wire. It converts a low voltage at high current into a high 
voltage at low current. 

Step-down transformer. The number of turns in secondary coil (N, ) of a step- 
down transformer is less than that in primary coil (Ny )i.e. Ns < Ny. Ina step down 
transformer, the primary coil is made of a thin wire and the secondary coil is made __A transformer cannot work on d.c. 
of a thick wire. It converts a high voltage at low current into a low voltage at high © 
current. 

Theory. When an alternating e.m.f. is applied across the primary coil, the input PO. 
voltage keeps on changing with time. Due to this, the magnetic flux through the 
primary coi! also keeps on changing with time. The changing magnetic flux gets In a step-up transformer, the increase 
linked up with secondary coil through the laminated core; which in turn produces _ Voltage is at the cost of current. 
alternating e.m.f. across the secondary coil. The soft iron core is capable of coupling ~~ 
practically the whole of the magnetic flux produced in the primary coil with the 
secondary coil. If the magnetic field lines remain confined to the soft iron core, then 
all the field lines across the primary coil link up with each turn of secondary coil. 

Therefore, the magnetic flux linked with two coils are simply proportional to their 
number of turns. If $y and @; are magnetic flux linked with primary and secondary 
coils at any instant, then 


LAMINATED 


N 
Pa ye (4.01) 
Pp bop 
fq 
N 
ws Ps = Ny Pp 
Differentiating both sides w.r.t. t, we have 
dp, a|Ns $ 
Bt de oe 
dp, _N, %p 
ae 2 oie, . (4,02) 
dt N, dt 
According to Faraday’s law of electromagnetic induction; the induced e.m.f. 
produced is given by. asloye sisigmods t9ve magr br 
dp | vorands sit aipoisiend of orrt Bi Visa my 
ar ni) fool aissrsieyd oni to sexs of [stipe pmiod re { : 
Therefore, if ey and e, are the instantaleotis Values Of indticéd 8H! prodticed? Vaio" oe FRI & tab 
in primary and secondary coils respectively, then Cnn ia: dake isa since pp econ ow 
ard to 9109 ont inenTaD erittsntois iO 9aneeng oi} OF sUC .2Qe8G) SIVAN 4 fa) 


Lo ial ° 4 f a + ' > Aeeny 
verd) tieq snioe eudT .bauoe gris esou borg bras gritsici Hse Tent) 


and es =— re 
Using the above two expressions, equation (4.02) becomes 
@, ae ae) é@ ...(4.03) 
Ss N, Pp 


The ratio Na oy is called transformation ratio. 
P 
For a step-up transformer, transformation ratio is greater than one, while for 
5-down transformer, its value is less than one. 
If we assume that there is no loss of energy, then 
instantaneous output power = instantaneous input power 
Le: e,1,= ey I 
Here, I, and I, are respectively the values of current in primary and secondary 


at the instant, when the respective values of the voltage across the two coils 
- and e,, 


Therefore, 


Since ina step-up transformer, ¢, > e,,, it follows that I, <I, Thus, in accordance 
the law of conservation of energy, a step-up transformer increases the voltage 
screasing the current. Similarly, a step-down transformer decreases the voltage 
creasing the current. In other words, a transformer neither creates nor destroys 
lectric energy. It simply transforms the voltages and currents, obeying the law 
mservation of energy. 

Need for laminated core. When a.c. input is applied across P- coil, the induced 
-. is produced in $-coil due to change of magnetic flux across it. In fact, magnetic 
changes through the soft iron core also and it produces induced e.m.f. in the 
core also. The induced e.m.f. developed in the iron core produces current in 
ore in the form of closed loops, called eddy currents. Since resistance of the 
core is quite small, the magnitude of eddy currents is quite large. As a result, 
ge amount of heat is produced and it may damage the insulation of the copper 
lings. 

To avoid it, a laminated iron core is used in a transforer. The laminated iron 
is prepared by joining similar iron strips together after coating them with 
ish. As such, the induced e.m.f. produced in the core will cause eddy currents 
ch iron strip separately. Since, an iron strip is quite thin and possesses very large 
tance, the magnitude of eddy currents produced is quite small and hence only 
all amount of heat is produced. 


14.02. ENERGY LOSSES IN ATRANSFORMER 


In practice, a number of types of energy losses occur in a transformer. Due to 
the effeciency of a practical transformer is never 1 or 100%. The various types 
nergy losses, which occur in a transformer, are as given below : 
(i) Flux losses. The coupling of the primary and secondary coils is never perfect 
whole of the magnetic flux produced in primary coil never gets linked up with 
secondary coil. 
(ii) Copper losses. Due to resistance of the windings of primary and secondary 
s, some electrical energy is always converted into heat energy. 
(iii) Iron losses. The varying magnetic flux produces eddy currents in the iron 
, which also leads to the wastage of energy in the form of heat. [t is minimised 
ising a laminated iron core. ves 
(iv) Hysteresis losses. The alternating current flowing through the:coilsiis9i9 © 
metises and demagnetises the iron core again and again over complete cycles. 
ing each cycle of magnetisation, some energy is lost due to hysteresis,theenergy =): 
during a cycle of magnetisation being equal to area of the hysteresis loop Gn 4s, 
mitude). However, the loss of energy can beminimised by selecting thematerialsinsieni orli 
ore, which has a narrow hysteresis loop. aerll vlovitosgast alion wisbuin 
(v) Humming losses. Due to the passage of alternating curgent, the core of the 
1sformer starts vibrating and produces humming sound. Thus, some part (may 


The core of a transformer is made of soft 
iron. It is because, area of hysteresis loop 
for soft iron is small and as a result, 
dissipation of energy also becomes small. 


ca eSATA MOINES ASEAN MASSE ESA 


be very small) of the electrical energy is wasted in the form of humming sounds 
produced by the vibrating core of the transforiner. 
On account of the energy losses given above, the output power of a transformer 
is always less than the input power i.e. 
el<@l 
The efficiency of the transformer is given by 


ies : (4,05) 
ey ly, 
Hence, in practice, the efficiency of a transformer is never 100%. 


guee4.03. USE OFTRANSFORMER FORLONG DISTANCETRANSMISSION - 


OF ELECTRIC ENERGY 


When electrical energy has to be transmitted to a distant place, the resistance 
of line wires is considerable. Due to this, a good deal of electric power I7R is 
dissipated as heat, where | is current through line wires and R is resistance. Also, a 
sufficient fall of potential I R occurs along the line wires. Hence, the effective voltage 
at the distant place will be much smaller than the actual value of the voltage supplied 
by the transmitting station. In addition to it, a few more difficulties are encountered, 
if transmission of electrical energy is done at low voltage (220 V). However, by the 
transmission of electrical energy at high voltage (say 22000 V), the difficulties 
encountered in the power transmission can be minimised. To understand the role 
of two factors which are important in power transmission, consider that 11000 watt 
of electric power is transmitted first at 220 V and then at 22000 V. 

1. Loss of electric energy. When transmission of electric energy is done at 


11000 
220 V, a current of 390 i.e. 50 A flows through the line wires. If R is resistance 


of line wires, energy equal to 50 R i.e. 2500 R joule will be dissipated per second as 
heat energy. On the other hand, when transmission is done at 22000 V, a current of 


Le i.e. 0-5 A only flows through the line wires. In this case, the electric energy 


22000 
dissipated per second as heat will be 0-5? R i.e. 0:25 R joule per second only. 

Therefore, we conclude that if transmission of electric energy is done at high voltage, 
the dissipation of energy is much reduced. 

2. Cost of transmission. If transmission of electric energy is done at 220 V, 
then as discussed above, to transmit electric power of 11000 W, the current capacity 
of line wires has to be 50 Aand if transmission is done at 22000 V, the current capacity 
of line wires has to be only 0:5 A. Therefore, if transmission is done at low voltage, 
thick wires have to be used. Due to the use of thick line wires, the cost of transmission 
will increase. Further, stronger poles would be needed in order to support thicker 
line wires. It will further add to the cost of transmission. On the other hand, if the 
transmission is done at high voltage, the line wires required are of low current 
capacity i.e. thin wires and light poles may be used. Due to this, the cost of 
transmission will be low. 

Therefore, it may be concluded that if transmission is done at high voltage, the 
transmission is much economical from the point of view of the cost of line wires and poles. 

Keeping in view the above two factors, transmission of electric energy is done 
at high voltage and for this a step-up transformer is used. No doubt, there will be 
some loss of energy in transformer also, but the energy loss in a transformer is 
negligible as compared to the energy loss along the long line wires between two 
stations. 


mm4.04. OTHER USES OF ATRANSFORMER 


1. A step-down transformer is used for obtaining large current for electric 
welding. 

2. A step-down transformer is used in induction furnace for melting the 
metals. 

3. Astep-up transformer is used for the production of X-rays. 

4. Transformers are used in voltage regulators and stabilised power supplies, 

5. Small transformers are used in radio sets, televisions, telephones, loud 
speakers, etc. gra gal 


The transmission of a.c. is done at hig 
voltage. As such, current through lir 
wir and hence energy wasted 
Toss the wires bec om 


\ 
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mal 4.05. FLEMING’S RIGHT HAND RULE 

We know that when a conductor is moved inside the magnetic field in a 
jirection perpendicular to the direction of magnetic field, induced e.m.f. is produced 
.cross its two ends. The direction of flow of current can be found by applying Lenz’s 
-ule. The direction of flow of the induced current can also be found by applying 
Fleming’s right hand rule, when the direction of motion of conductor inside the 
magnetic field and the direction of magnetic field acting on it are known. 

Fleming's right hand rule. It states that if the thumb, fore finger and the central finger 
of the right hand are kept perpendicular to each other [Fig. 4.02 ], so that the fore finger points 
in the direction of the field and the thumb in the direction of motion of the conductor, then 
the induced current flows in the direction of the central finger. 


It may be pointed out that in this rule, the word ‘current’ refers to conventional 


=8 4.06. ALTERNATING CURRENT GENERATOR (A.C. DYNAMO) 

An electric generator is a device used to convert mechanical energy into electrical energy. 

Principle. It is based on the principle of the electromagnetic induction. When 
a coil is rotated about an axis perpendicular to the direction of uniform magnetic field, an 
induced e.m.f. is produced across it. 

Construction. The a.c. generator consists of the following parts : 

1. Armature. A rectangular coil ABCD consisting of a large number of turns 
of copper wire wound over a soft iron core is called the armature. The soft iron core 
is used to increase the magnetic flux. 

2. Field magnet. It is usually a strong permanent magnet having concave poles. 
The armature is rotated between the two poles of a magnet, so that axis of the arma- 
ture is perpendicular to magnetic field lines [Fig. 4.03]. 

3. Slip rings. The leads from the arms of the armature are connected to the two 
rings R, and R, separately. These rings help to provide movable contact and for this 
reason, they are called slip rings. As the armature and hence the leads rotate, the 
rings R, and R, also rotate about the central axis. 

4. Brushes. The flexible metallic pieces B, and B,, called brushes, are used to 
pass on the current from armature to the slip rings across which the external load 
resistance R is connected. As the slip rings rotate, the brushes provide movable 
contact by keeping themselves pressed against the rings. 

Working. The working of the a.c. generator is illustrated with the help of five 


different positions of the armature ABCD at timest =0, T/4,T/2, 3T/4 and T 
respectively [Fig. 4.04 (a)]. 
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Direction of flow of current. Initially 
with arm AB up and CD down. During the motion 0 


Fig. 4.02 


The word ‘generator’ is a misnomer. It 
generates nothing. It simply converts 
mechanical energy into electrical energy. 


Fig. 4.03 


The direction of flow of induced current 
in the coil a generator is found by applying 
Fleming’s right hand rule. It may be 
‘pointed out that Fleming’s left hand rule 
does not apply to induced currents. It is 
used to find the direction of force on a 
O current cartying conductor.’ 


right hand rule tells that the current in the armature will flow in the direction DCBA 
(from the end B to Ain arm ABand the end D to Cin arm CD). On the other hand, 
during the motion of armature between t = T/2 tot = T, the motion of the two 
arms is just opposite to that what happens during t = 0 tot = T/2,ie. the arm AB 
moves up and CD moves down. Therefore, during this interval, the current in 
the armature will flow in the direction ABCD. 

Magnitude of induced e.m.f. Whenever the armature is vertical, its arms AB 
and CD momentarily move parallel to the fieldi.e. the rate of change of magnetic 
flux through the armature becomes zero. Acccrdingly, the induced e.m.f. 


dp 


e (- ~ #) corresponding to the vertical positions of the armature is also zero 


a ko zs 0| i.e. at time t = 0, T/2 and T, the induced e.m.f. produced is zero. 


Wherever the armature is horizontal, the arms AB and CD move normally to the 
direction of magnetic field lines and hence they cut or intercept the magnetic field 
lines with maximum speed*. Hence, the rate of change of magnetic flux is fastest 
or maximum corresponding to horizontal positions. Thus, at times f = T/4 and 
3 T/4, the induced e.m.f. produced is maximum. 

Therefore, output e.m.f. across the load resistance R during a complete 
rotation of the armature will vary as shown in Fig. 4.04 (b). The expression for 
instantaneous e.m.f. developed across R is given by 

e=e, sin wt, 
which can be deduced as below : 

Expression for instantaneous e.m.f. produced. Fig. 4.05 shows the armature 
of the a.c. generator consisting of turns and placed in uniform magnetic field B, 
such that its axis of rotation is perpendicular to the direction of the field. Initially, 
at t = 0, the coil is vertical with arm AB up and CD down. 

Fig. 4.06 shows the position of the coil at any timet i.e. its plane makes an angle 
@ with the vertical. If @ is uniform angular speed of the coil, then 

0= wt 
In the position of the coil as shown in Fig. 4.06, the component of the field 


normal to the plane of the coil is B cos @. If Ais area of the coil and n, the number of ~ 


turns in the coil, then magnetic flux linked with the coil in this position is given by 
g=nBcos 0(A)=nBAcos 0=n BA cos ot ..(4.06) 
The effect of number of turns 7 in the coil is to increase the magnetic flux linked 
with the coil to n times. 
Differentiating both sides of the sige: (4.06) w.r.t. time, we get 


dp _d 


rn a haere of) =n BA (cos ot) = nBA(=sin ot) (@) 


7) fis Ao sin at 
If e is the instantaneous induced e.m.f. produced at this instant, then 


9p <5 rir Phe cnpsne gg preety 
dt 
or e=nBAosinoat ...(4.07) 


The equation (4.07) gives the instantaneous induced e.m.f. in the coil. It follows ! 


that n B Aq is the maximum value of the e.m.f., say é). Therefore, we have 

e =e, sin wt (4.08) 
_ Thus, the induced e.rt.f. produced is a function of time and therefore as the coil 
passes through different positions with the passage of time, e.m.f. produced changes 
with time as given by equation (4.08). The e.m.f. would be zero for wt = 0 (when coil 
is vertical) ; positive maximum for wt = 2/2 (when the coil is horizontal), zero for 
wt = (when coil is vertical) ; negative maximum for wt = 3 7/2 (when the coil is 
horizontal) and again zero forwt =2/2 (when the coilis vertical and returns to its initial 
position). Thus, graphically, e.m.f. will vary with time as shown in Fig. 4.04 (b). 


*It may be pointed out that speed of rotation of the armature is uniform. But when 
armature is horizontal, its speed of cutting the magnetic field lines is maximum. 


tof=T/2, thearmAB moves downand CD moves up. The application ofFleming’s 


1. When a coil is rotated in magnetic field, 
induced e.m.f. produced is maximum 
when the magnetic field lines are 
perpendicular to its plane. It is because, 
near this position, the rate of oe 
the field linesis maximum. = : 
2. The induced e.m.f. produced i is zero 

(minimum), when the magnetic field lines _ 
are parallel to the plane of coil. It is 

because, near this position, the rate of 

intercepting the field lines is satsiceetnae 

zero. 


if EGF BEN NR At AGN NST IGE SAN A CAN GA NBC 7 
: 
Wi 
8 


i 
th 
i 
i 
it 
8 
i 


C. GENERA a 


It is a device, which converts mechanical energy into electrical energy in the form of — 


irectional e.m.f. or current, called the direct current. 

Principle. It is based on the principle of electromagnetic induction. 

When a coil is rotated about an axis perpendicular to the direction of uniform magnetic 
_an induced e.m.f. is produced across it. 

Construction. Fig. 4.07 shows the essential parts of a d.c. generator. In principle, 
construction of d.c. dynamo is the same as that of a.c. dynamo. The main 


srence is that the slip rings are replaced by the arrangement known as split ring | 


wnutators in order to obtain a unidirectional continuous current through the out- 


load resistance. 
The split rings are two halves R, and R, of the same metallic ring insulated from 


) other as well from the axle of the dynamo. Each of the two rings is connected | 


re either end of the armature coil. During the rotation of the armature, the leads 
arms AB and CD of the armature remain connected to the rings R, and R, 
yectively. The rings are so arranged that during a half revolution of the coil, each 


x remains in contact with a particular brush but during next half revolution, the 


xs interchange their contacts and establish contact with the other brushes. By this 

angement, the current in the outer circuit remains in the same direction. 
Working. To start with, suppose that ring Rjis in contact with brush B, and 
R, is in contact with brush B,. If the coil rotates in clockwise direction, then 

‘ing the first half of revolution, the direction of current in the armature coil will 


ABCD (by applying Fleming’s right hand rule) i.e. in the outer load resistance 
t will enter from the brush B, and flow towards B,as shown in Fig. 4.07. After 


f the revolution, R, establishes contact with brush B,, while R, comes incontact - 


h B,. The direction of current in the armature coil is now DCBA and in the outer 
d resistance R, the current again flows from B, to B, 7.e. in the same direction, in 
ich it was flowing during first half of the revolution [Fig. 4.08]. The strength of 
current is, however, not constant and during each half cycle, it varies from zero 
maximum and maximum to zero in the same direction [Fig. 4.09]. Such a current 
-alled pulsating direct current. Thus, the current produced is unidirectional, but 
ctuates between maximum and zero values. As such, it is inconvenient for 
actical purposes. 

To overcome this difficulty, we take two coils whose planes are inclined to each 


1er at an angle of 90° and divide the ring mounted on the same spindle into four — 


rts. The leads of each coil are connected to the two diametrically opposite parts 
the split ring. In such a case, either of the coils will give the current curve of the 
me type but with the difference that when the current in one reaches a maximum 
lue, the current curve given by the other has zero value. However, the brushes 
w receive the current from one set of commutator segments only for quarter 


riod and that also when the value of the current is comparatively large. So, the _ 


sultant e.m.f. in the output circuit is less varying as shown by the thick curve in 


x. 4.10. Similarly, if we use four coils inclined at an angle of 45° to each other and : 


vide the ring into eight parts, we get still less fluctuating current. It is, thus, clear 
at by taking a large number of coils with double the number of commutator ring 
gments, the final current curve will be practically parallel to the time axis and, 
erefore, will be constant in strength. 
M8 4.08. SIMPLE D.C. MOTOR 
An electric motor is a device for converting electrical energy into mechanical energy. 
Principle. It is based on the fact that a current carrying coil experiences a torque 


a magnetic field. 
Construction. A simple d.c. motor consists of an armature ABCD (a coil of a 


rge number of turns) wound on an iron core. It is placed in the magnetic field 


roduced due to the flow of current through the field windings [Fig. 4.11]. Theends — 


the armature are connected to two split rings R, and R, (two halves of a single 
ng). The two split rings alternately come in contact with carbon brushes, B, and 


, during the rctation of the armature. A battery is connected across the two brushes, — 


) as to send d.c. through the armature. 
Working. Suppose that initially the armature is horizontal, such that the split 


ing R, connected to arm AB is in contact with brush B,, while the split ring R, & 


onnected to arm CD is in contact with brush B,. As the positive pole of the battery 


Fig. 4.08 


a 


it 
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is connected to brush B,, the conventional current flows through 
the direction DCBA. According to Fleming’s left hand rule, an upward free ere 
to nBII acts on arm AB, while an equal downward force nBIl acts on arm CD. The 
two equal and opposite forces acting on the arms AB and CD of the armature 
constitute a torque and as a result of it, the armature starts rotating in clockwise 
direction. As such, during rotation of the coil, the perpendicular distance between 
the forces on the two arms goes on decreasing and becomes zero, when the armature 
becomes vertical and as a result of it, the armature tends to come to rest on reaching 
the vertical position. However, due to inertia, the armature is carried past the vertical 
position. As it happens, the split ring R, comes in contact with brush B,, while the 
split ring R, assumes contact with brush B,. Due to this, the direction of the flow 
of current through the armature gets reversed i.e. the current starts flowing in the 
direction ABCD. Since the directions of motion of arms AB and CD also get reversed 
(earlier arm AB was moving up and CD down, but now armAB moves down, while 
CD moves up), the direction of rotation of the armature remains unchanged leading 
to an uninterrupted rotatory motion of the armature in one direction. 

Back e.m.f. The armature of a motor continuously rotates inside the magnetic 
field. As the magnetic flux linked with the armature changes during its rotation, 
an induced e.m.f., say e is produced in the armature. According to Lenz’s law, this 
induced e.m.f. opposes the applied battery e.m.f. and it is called back e.m.f. If E is 
the applied battery e.m.f. and R is the resistance of the armature, then current 
through the armature is given by 

' effective e.m.f. Ie 


x = ..(4.09 
resistance of the armature R ( ) 


It may be pointed out that when electric motor is just switched on, the 
magnitude of back e.m.f. is quite small due to the low speed of the motor. As such, 
the battery e.m.f. sends current through the armature, which may be large enough 
to burn the motor by breaking the insulation of the coils. To avoid damage to the 
motor on this account, a motor starter is used in series with the motor. 

The motor starter also saves the motor from damage, if the electric supply fails 
by chance, while the motor is running. It is because, the magnitude of back e.m.f. 
is very large at break. 

Efficiency of an electric motor. The efficiency of a motor decreases both due 
to the production of back e.m.f. and the production of heat in the armature coil. 

The efficiency of an electric motor is defined as the ratio of the output power to the input 
power. 


Thus, * output power 


- ...(4.10) 
input power 

Now, input power = battery e.m.f. x current through armature = E I, 
where I is current through the armature and is given by the equation (4.09). 

Heat produced per second in the armature = I? R 

Therefore, output power = EI - PR=(E-IR)xI 

From equation (4.09), we have 

E-I Ree 
Substituting for (E — I R) in above equation, we have 
output power = eI 
Substituting for output power and input power in equation (4.10), we have 


tf & (41D) 


Thus, efficiency of a motor is equal to the ratio of the back e.m.f. produced to the arplied 
battery e.m.f. 

Condition for maximum efficiency. From equation (4.11), it follows that 
efficiency of a motor will be 1 (maximum), if back e.m.f. setup in the armature is 
equal to applied battery e.m.f. In that event, the current through the armature will 
be zero and the motor will not run at all. Therefore, condition for maximum 
efficiency of the motor is obtained by finding the condition, so that output power 
is maximum. 


e(h—e) 


Now, output power=elI= Pah 


4)ef 9 |-0 or ait pr sear ah or E-2e=0 
R de 


E 
r e= = 
hus, an electric motor will be maximum efficient i.e. the motor will deliver maximum 
power, when the back e.m.f. set up in the armature is half the value of the applied 
emf. 
Vhen the motor is delivering maximum output power, then 


_E/2 _1 (or 50%) 
E 2 


hus, while delivering maximum output power, the motor has an efficiency of 50%. 


.09 MOTOR STARTER 


\ motor starter is basically a variable resistor connected in series with the motor. 


Vhen a motor is switched on and it has not attained its full speed, the back 

(e) produced will be very small. The current flowing through the armature is When motor is just switched on, back 

by e.m.f. produced in the armature is 
B= practically zero and hence a large current 


i eh flows through it, which may cause 


» R is the resistance of the armature and E is the e.m-f. applied to the motor. damage to its windings. The motor starter 
sistance of armature is usually kept small, so as to reduce copper losses. introduces a resistance in the circuit, so as 
fore, due to low resistance of the armature and small back e.m.f. produced at to keep the current low, when the motor 
art of the motor, current through the armature will be quite large, when the _ is just switched on. When motor attains its 
r is just switched on. Due to this, motor sometimes gets burnt due to breaking full speed, it withdraws the resistance. 
insulation of the coils. In order to save the motor from getting damaged on Then, current is maintained at safe value 
ccount, a motor starter is used. by the back e.m.f. 

Fig. 4.12 shows the essential parts of a motor starter and the lay out of its series. ——— 

sctions to the motor M. To start the motor, the handle H of the starter isbrought 
position A. As such, the entire resistance R of the motor starter comes in series , 
the armature of the motor and only a safe low current flows through the | 
ture. The electromagnet E gets magnetised due to the passage of currentthrough — 
i it attracts the iron piece I attached to the handle. Due to this, the resistance of _ 
1otor starter decreases gradually. As the motor picks up speed, the back e.m.f. i 
ncreases gradually. The result is that the current through the armature always © 
ins within the safe value. Ultimately, the handle reaches the position Dand the 
xr resistance gets out of the circuit. At this stage, the motor attains its full speed — 
he current through the armature is controlled by the back e.m.f. : 
When the motor is switched off, the electromagnet loses its magnetism and 
equently the handle gets released and goes to OFF-position due to spring action 
e spring S attached to the handle. 

In case supply current fails suddenly, a large back e.m.f. will be produced at 
reak and it may burn the motor. The motor also gets burnt in case the supply 
ige increases due to certain reason. To save the motor in these situations, the 


yr starter is designed accordingly. 

4.10. CHOKE COIL 

A choke coil is an electrical appliance used for controlling current in an a.c. circuit 
out wasting electrical energy in the form of heat. 

Principle. A choke coil is based upon the principle that when a.c. flows through 
ductor, the current lags behind the e.m.f. by a phase angle n/2. gi 
Construction. A choke coil is basically an inductance. It consists of a large : 
ber of turns of insulated copper wire wound over a soft iron core. In order to — 
imise loss of electrical energy due to production of eddy currents, a laminated | 
core is used [Fig. 4.13]. ¥ 
In practice, alow frequency choke coil is made of insulated copper wire wound ‘ 

. soft iron core, while a high frequency choke coil has air as core material. q 
Working. The choke coil is put in series with the electrical device, such as _ 
rescent tube requiring a low value of current. The inductive reactance decreases © 
current. Since the alternating e.m.f. leads the current by phase angle 7/2, the 


average power consumed by the choke coil is given by 
| a ON cos + =0 


However, a practical inductance possesses a small resistance i.e-. a practical 


inductance may be treated as a series combination of inductance L and a small 
resistance r. Therefore, a practical inductance will consume a small average power 


given by 


72 + or 2 


: 
fo -FOews 


a series combination of Land r. 


is power factor (cos ¢) for practical inductance, which is 


Uses. In a.c. circuits, a choke coil is used to control the current in place of a | 
resistance. If a resistance is used to control the current, the electrical energy will be 
wasted in the form of heat. A choke coil decreases the current without wasting 


electrical energy in the form of heat. 


_ SOLVED NUMERICAL PROBLEMS | 


Type A. OnTransformer 
Problem 4.01. A power transmission line feeds input 
power at 2300 V to a step down transformer having 4000 
turns in its primary. What should be the number of turns 

in the secondary to get output power at 230 V ? 
(C.B:S\Bs199/) 


Sol. Here, ey 2300 V ; N, = 4000 ; e, = 230 V 
N eannuNs 
INOW, = 
en N p a 
N, =Ny x7 = 4000 x 5 = 400 
e 2300 


v 

Problem 4.02. How much current is drawn by the 
primary of a transformer connected to 220 V supply, when 
it delivers power to a 110 V and 550 W refrigerator ? 


Sol. Here, ee 220 V ;e, = 110 V;e,1, = 550 W 
Now, evl,=¢€, & 
PP 
al 
or [pases oe A 
ey 220 


Problem 4.03. How much current is drawn by the 
primary coil of a transformer, which steps down 220 V to 
22 V to operate a device with an impedance of 220 2? 

(H.S.S.C.E. 2001) 


Sol. Here, ep= 220 Neen =a 
Impedance of the device connected across secondary, 

Z=220Q 
Therefore, current in secondary coil, 

esheets 

e220 
If I, is current in primary coil, then 
en I, =e,[, 
or pes eT ea a i 
Ws 220 


P 

Problem 4.04. In an ideal transformer, number of turns 

in the primary and secondary are 200 and 1000 respectively. 

If the power input to the primary is 10 kW at 200 V, calculate 
(a) output voltage and (b) current in parimary. 

(C.B.S.E. 2002) 


Sol. Here Ny, = 200; N; = 1000 ; én = 200) Vi | 


Power input to primary, ey Ip = 10 kW = 104 W 


N 
(a) Now, e, =—* xe, = 1000, 200 1000 V 
Ny 200 ; 
i goal 
Litres eters ai 
(b) I, ¢, 200 50A 


Problem 4.05. When a voltage of 120 V is impresse 
across the primary of a transformer, the current in th 
primary is 1-85 A. Find the voltage across the secondar 
when it delivers 150 mA. The transformer has an efficienc 
of 95%. 

Sol. Here, ep = 120 V; I, =1-85A; 

I, = 150 mA = 150 x 10% A; 7 = 95% =0-95 
es Ty 


P I, 
Neyl, 0-95x120x1-85 
eee 150 x 10° 

Problem 4.06. In a step-up transformer, the transfo 
mation ratio is 100. The primary voltage is 220 volt and inpt 
is 1100 watt. The number of turns in primary is 10! 
Calculate (i) the number of turns in the secondary (ii) th 
current in the primary, (iii) the voltage across the seconda1 
and (iv) the current in the secondary. 

Sol. Here, transformation ratio, k = 100 ; N, = 100 


Now, he 


= 1406 V 


(i) Now, k= Ne 
P 
Ns = k x Ny = 100 x 100 = 10,000 
(ii) Input ra se . stm watt ; ¢p = 220 volt 
Bay aie Pal 
&p 
(iii) Also, k=<S 
&p 
e,=ke, = 100 x 200 = 22,000 V 
I 
(iv) Also, = == 
e, I, 
e 
I,=—xI, = 220 x5 =005A 


Problem 4.07. 11 kW of electric power can be trans- 
ted to a distant station at (i) 220 V, or (ii) 22,000 V. Which 
he two modes of transmission should be preferred and 
y ? Support your answer with possible calculations. 

: (C.B.S.E. 1998) 
Sol. Here, en I, = 11 kW = 11,000 W 
(i) When power is transmitted at e, = 220 V: 
If I, is current in secondary coil, then 


e,1,=e,|, 
11,000 
L=— =50A 
a s” 920 


If R is resistance of transmission lines, then electrical 
rgy dissipated as heat La 


= 502 R = 2500 R watt 
(ii) When power is transmitted at e, = 22,000 Vv 
If I, is current in secondary coil, then 
Delis ey I, 

,_ &p lp _ 11,000 _ 
| e,’* 22,000 

Therefore, electrical energy dissipated as heat 

=([,’)? R= (0-5)? R =0-25 R watt 

Since electrical energy dissipated as heat is much less, 
1en transmission is done at 22,000 V ; transmission should 
done at 22,000 V. 
pe B. On a.c. generator 

Problem 4.08. A rectangular coil of dimensions 
10 m x 0-5 m consisting of 2000 turns rotates about 
. axis parallel to its long side, making 2100 
volutions per minute in a field of 0-1 T. What is 
e maximum e.m.f. induced in the coil ? Also find 
e instantaneous e.m.f, when the coil is at 30° to the 
aid. 

Sol. Here, B = 0-1 T ; n = 2000 ; 

area of the coil, A = 0-10 m x 0-5 m = 0-05 m2 

" angular velocity, @ = 2100 rp.m. 


= eae = 220 rad sg! 


0-:5A 


or ie 


Maximum e.m.f. induced in the coil, 
@é=nBAw= 2100 x 0-1 x 0:05 x 220 
= 2200 V 

The e.m.f. induced in the coil, when it makes an angle 

t with the vertical is given by 
e=e,sin wt 
Here, the angle, which the coil makes with the vertical, 
wt = 90° — 30° = 60° 

Woh e = 2200 sin 60° = 1905-3 V 

Problem 4.09. An a.c. generator consists of a coil of 
00 turns and cross-sectional area of 3 m?, rotating at a 
onstant angular speed of 60 rad s-! in a uniform magnetic 
‘eld 0-04 T. The resistance of the coil is 500 Q. Calculate (a) 
,aximum current drawn from the generator and (b) 
1aximum power dissipation in the coil. (C.B.S.E. 2002) 

Sol. Here, 1 =100;A=3 m2; =60rads;B=0-04T 

(a) Maximum e.m.f. produced in the coil, 

e=nBAw = 100 x 0-04 x 3 x 60 = 720 V 

Since resistance of the coil is 50.Q, the maximum current 

irawn from the generator, 
wees 720 444A 
R500 


(b) Maximum power is ipation in the coil, 
@, 1) = 720 x 1-44 = 1036-8 W 
Problem 4.10. An a.c. generator consists of a coil of 


50 turns and area 25 m? rotating at an angular speed of 


60 rad s~! in a uniform magnetic field B = 0-30 T between 
two fixed pole pieces. The resistance of the circuit 
including that of the coil is 500 Q. 
(a) What is the maximum current drawn from the 
generator ? 
(b) What is the flux through the coiJ, when the current 
is zero 2 What is the flux, when the current is maximum ? 
(c) Would the generator work, if the coil were statio- 
nary and instead of the pole pieces rotated together with the 
same speed as above ? (Text Problem) 
Sol. Here, n=50;A=25m?;w =60rads™; 
B = 0-30 T; R= 500 Q 
(a) Maximum e.m.f. produced, 
e,=nBAw =50 x 0:30 x 2:5 x 60 = 2250 V 
Therefore, maximum current drawn from the generator, 
Waka Oe 
R500 
(b) The current is zero, when coil is vertical. In this 


position, flux through the coil is maximum. On the other 
hand, the current is maximum, when coilis horizontal. In this 
position, flux through the coil is minimum. 

(c) Yes. For generation of electricity, there should be 
relative motion between magnetic field and the coil. 
Type C. On Motor 

Problem 4.11. The back e.m-f. of a d.c. motor delivering 
5 kW of mechanical power is 200 V, when operating on a 
220 V line. Determine the armature current and the motor 
resistance. (bSiSHOF1997) 

Sol. Here, E= 220 V;e=200V; 

Let R be motor resistance and I be the armature current. 


Since mechanical output power is 5 kW i.e. 5000 W, 
l=25A 


e1=5000 or 2001=5000 or 
Also, eee 
R 
per nA SE D3.0 
I Day 25 


Problem 4.12. A small d.c. motor operating at 200 V 
draws a current of 5-0 A atits full speed of 3000 r.p.m. The 
resistance of the armature of the motor is 8-5 Q. Determine 
the back e.m.f. of the motor. Obtain the power input, power 
output (mechanical) and the efficiency of the motor. 

(Text Problem) 

Sol. Here, R=8:5Q;E=200V;1=5A 

When the rotor of motor rotates, the back e.m.f. e is 
produced. Therefore, current drawn by motor, 

Bye 
R 

so that e=E-IR=200 —-5x85=1575V 

Power input = EI = 200 x 5 = 1000 Ww 

Power output = EI-[? R= 200 x 5-5° x 85 

= 787:5 W 


power output _ 787-5 


Efficiency of the motor = SOM apt sar" 


= 0-7875 or 78-75% 


TECHIE STUFF 


Problem 4.13. At a hydroelectric power plant, the water 
pressure head is at - height of 300 m and the water 
flow available is 100 m? s~!. If the turbine-generator 
efficiency is 60%, din sea the electric power available from 
the plant (g = 9-8 m s*). (Text Problem) 
Sol. Here, h = 300m; g=9-8ms~;=100 m?s7; 
volume of water flowing per second 
Now, density of water, p = 1000 kg m-~; 
Therefore, mass of water flowing per second 
= 100 x 1000 = 10° kg s“} 
Potential energy of water made use of per second 
= 10° x 9-8 x 300 = 2-94 x 108 J s+ =2.94 x 108 W 
Efficiency of turbine = 60% 
Therefore, electric power available from the plant 
_ 2-94x 108 x 60 
100 
= 176-4 MW 
Problem 4.14. A small town with a demand of 800 kW 
of electric power at 220 V is situated 15 km away from 
an electric plant generating power at 440 V. The resistance 
of the two-wire line carrying power is 0-5 Q per km. The 
town gets power from the line through a 4000-220 V step- 
down transformer at a sub-station in the town. (a) Estimate 
the line power loss in the form of heat. (b) How much power 
must the plant supply, assuming there is negligible power 
loss due to leakage ? (c) Characterize the step-up trans- 
former at the plant. (Text Problem) 
Sol. Here, length of wire line = 15 x 2=30 km; 
resistance of wire line, R= 30 x 0-5 =15Q 
voltage at which power is transmitted = 4000 V ; 
power transmitted, P = 800 kW = 8 x 10° W 


=1-764x108 W 


Now, P=e, I, 
8x 10° 
GapPe EE ong 4, 
e, 4000 


Q. 4.01. Write the principle of a transformer. 
CS. SCE TIA SOLAS. eee ) 
Ans. Mutual induction. 
Q. 4.02. Why cannot transformer work on d.c. ? 
(H.S.S.C.E. 2001) 
Or 
A transformer cannot be used to step up d.c. voltage. 
Why ? tO, 9.0. Ee LOUD Ss) 
Ans. If d.c. voltage is applied across the primary coil of 
a transformer, then the magnetic flux linked with the coil will 
not vary with time and hence no induced e.m.f. will be 
produced in the secondary coil. 
Q. 4.03. Does a step up transformer contradict the 
principle of conservation of energy ? (.$.5.C.E.1993) 
Ans. No, it does not. 
Q. 4.04. Give two reasons for power loss in a trans- 
former. 
Ans. Magnetic flux loss and hysteresis loss. 


— CONCEPTUAL NUMERICAL PROB 


For Gmbitious, 5rilliant & Curious Students © ex—— 


FREQUENTLY ASKED VERY SHORT ANSWER QUESTIONS — 


(a) Line power loss1? R = (200)? x 15=6x 10° W_ 
= 600 kW 
(b) Power that must be supplied by the plant 
= 800 + 600 = 1400 kW 
(c) Voltage drop across wire line = 15 x 200 = 3000 ' 
The plant generates power at 440 V and it has to 
stepped up, so that after a voltage drop of 3000 V across w 
line, the power at 4000 V is received at the sub-station in - 
town. Therefore, the step up transformer at the plan 
440 V — (4000 + 3000) V i.e. 440 V — 7000 V. 
Problem 4.15. A circular coil of radius 8-0 cm and 
turns rotates lagen its vertical diameter with an angu 
speed of 50 rad s-! in a uniform horizontal magnetic fi 
of magnitude 3-0 x 10~* T. Obtain the maximum and | 
average e.m.f. induced in the coil. If the coil forms a clo: 
loop of resistance 10Q, how much poweris dissipated as h 
? What is the source of this power ? (Text Proble 
Sol. Here, radius of coil, r = 8-0 cm =8 x 10°2m; 
number of turns, 1 = 20; @ =50 rads! ; B =3-0 x 107 
and area of coil, A = mr? = 2x (8 x 10-2)? = 64x 104 
Now, e=nBAosinat 
: e,=nBAw =20 x 3.0 x 10* x 64x 10x: 
= 0-6032 V 
The average value of an alternating e.m.f. is zero ove 
complete cycle. Therefore, 
Cav = 0 
The average power consumed by a resistor, 


Pilhee max Sema € max l max “As pean 
oe ry 2 2R 
Here, R= 109 
-6032)2 
Pay = lass oi sey = 0-0182 W 
2x10 


The external agent which keeps the coil rotating is 
source of this power. 


With Answers/Hints 


Q. 4.05. What is iron loss in a transformer and hov 
can be reduced ? (PS. b.2000, 1999, 1998 

Ans. Due to production of eddy currents in the iron cc 
the loss of electrical energy (in the form of heat energy 
known as iron loss. It is reduced by making use of a lamina 
iron core. 

Q. 4.06. What is copper loss in a transformer ? 

CP SSE. 19 

Ans. Refer to section 4.02. 

Q. 4.07. What causes the core of a transformer to 
heated up under operation ? C.$.G.Bi19 

Ans. Due to the production of eddy currents in the c 
of the transformer. 

Q. 4.08. Why is the core of a transformer laminate 
Explain. (PS Sf ote 202 1,999; 19 

Ans. The core of a transformer is laminated, so as 
reduce loss of energy due to eddy currents. The magnitt 
of the eddy currents set up is considerably minimised, wl 
the core is laminated. 


Q. 4.09. A transformer is used to step down a.c. : 
at appliance will you use to step down a d.c. voltage ? 

Ans. A pure resistance can be used to step down d.c. 
tage. 


Q. 4.10. Why is the core of a transformer made of a 

gnetic material of high permeability ? 
(C.B.S.E. Sample Q. Paper) 

Ans. The transformer works on the principle of mutual 
juction. In case the core has a high value of magnetic 
rmeability, the magnetic field lines will crowd through the 
-e and the linkage of magnetic flux between the two coils 
ll also be more, ‘ 

Q. 4.11. State the principle on which induction coil is 
nstructed. 

Ans. It is constructed on the principle of mutual 
duction. 

Q. 4.12. A capacitor is used in the primary circuit of an 
duction coil. Why ? (Text Question) 


Ans. At the break, a large induced e.m-f. is produced. 
case capacitor is not connected, sparking will take place. 
it when capacitor is used, the large induced e.m.f. produced 
break is used up in charging the capacitor and no sparking 
kes place. 


ae 


Q. 4.01. What are the factors which reduce the effi- 
ency of the transformer ? 

Ans. Copper losses due to the heating of the primary and 
scondary coils ; iron losses due to the eddy currents set up 
1 core ; hysteresis loss due to the loss of energy in 
1agnetising and demagnetising the iron core and the leakage 
f magnetic flux are the various reasons, which reduce the 
fficiency of the transformer. 

Q. 4.02. How are the energy losses reduced in a trans- 
ormer ? (P.S.S.C.E. 1999) 

Or 

What are the factors which help in increasing the 
fficiency of a transformer ? 

Ans. The efficiency of a transformer can be increased by 
ising (i) laminated core to minimise the loss of energy due 
‘0 eddy currents and (ii) by selecting a material for the core, 
whose B-H curve has lesser area in order to minimise 
nysteresis loss. 

Q. 4.03. The core of a transformer is made of a material 
whose hysteresis loop is narrow. Why ? 

Ans. A transformer works on a.c. supply. Therefore, 
during its operation, the iron core of the transformer is taken 
over the complete cycle of magnetisation again and again. In 
taking the core over a complete cycle of magnetisation, the 
energy spent per unit volume of the core is equal to area of 
the hysteresis loop. Therefore, to minimise the loss of energy, 
the core of the transformer is made of a material, whose 
hysteresis loop is narrow. 

Q. 4.04. Discuss the use of transformer for long 
distance transmission of electrical energy. 
(P.S.S.C.E. 2001) 


Ans. Refer to section 4.03. 


menon of mutual induction. 


the 


Q.4.13. Name two useful devices based on the pheno- 


Ans. Transformer and induction coil. 
Q. 4.14. State the principle of a.c. generator. 
(HSS Eat 95) 
Ans. Refer to section 4.06. 
Q. 4.15. From where does the electric energy come in 
a generator ? 
Ans. The mechanical energy used to rotate a coil inside 
magnetic field is converted into electric energy. 
Q. 4.16. At which position of the rotating coil in 
magnetic field, the induced e.m.f. is maximum ? 
Ans. The induced e.m.f. is maximum, when the plane 
of the coil is parallel to magnetic field lines. 
Q. 4.17. Write down principle of a d.c. motor. 
(PS.S.C.E. 2000, 1999 ; H.S.S.C.E. 2001, 1998 $1997) 
Ans. It is based on the principle that a current carrying 
coil placed inside a magnetic field experiences a torque. 
Q. 4.18. Is the motor starter a variable R or L or C? 
Ans. Motor starter is a variable resistor. 
Q. 4.19. What is the function of a choke coil ina 
fluorescent tube ? (H.S.S.C.E. 1999 S ; LS.C.E. 1996) 
Ans. The choke coil decreases current in the circuit 
without wasting electrical energy in the form of heat energy. 


ER QUESTIONS 


ith Answers/Hints 


Q. 4.05. Can a transformer be helpful in reducing the 
cost of transmission of electrical energy to long distances ? 
Explain. 

Ans. By using a step-up transformer, the cost of trans- 
mission of electrical energy to long distances can be reduced. 
For details, refer to section 4.03. 

Q. 4.06. A transformer of 100% efficiency has 500 turns 
in the primary and 10,000 turns in the secondary coil. If the 
primary is connected to 220 V mains supply, what is the 
voltage across the secondary coil ? {1 S.C. E1994) 

Ans. For a 100% efficient transformer, 


N, 
enriegkme 


er aN 
P 
Here, N, = 500; N, = 100,000 and CaF 220 V 
w= 220 10000 400 v 
Q. 4.07. State the factors on which the induced e.m.f. 


in a coil rotating in a uniform magnetic field depends. 
(2 S.5. 4b. 1991) 
Ans. The induced e.m.f. produced in a coil rotated inside 
a magnetic field is given by 
e=nBAwsin ot 
Therefore, induced e.m.f. depends upon number of turns 
of the coil ; area of coil ; its angular speed of rotation and the 
strength of the magnetic field. 
Q. 4.08. State and explain Fleming’s right hand rule. 


Ans. Refer to section 4.05. 

Q. 4.09. Although direction of current through the 
armature reverses after each half cycle, yet it keeps on 
rotating in one direction. Why ? 

Ans. Refer to section 4.08 (working of d.c. motor). 


Q. 4.10. What is back e.m.f. in a d.c. motor ? 
OC. E. tee) 

Ans. Refer to section 4.08. 

Q. 4.11. When a motor is at its full speed, a lesser 
current flows through the armature. Why ? 

Ans. Refer to section 4.08. : 

Q. 4.12. What is the use of a starter ? 

Ans. When a motor is just switched on, the back e.m.f. 
is zero and hence, due to a large current through the armature, 
the motor may get burnt. A starter is a variable resistance. 
When it is used in series with the motor, the effective 
resistance (resistance of the armature and starter resistance) 
becomes quite large. Therefore, when the motor is switched 
on, a small current will flow even in the absence of back e.m.f. 

Q. 4.13. Why is choke preferred to rheostat in 
controlling a.c. supply ? (HP SS.C1E.. 1998 5) 

Or 

Why is a choke coil preferred over a resistor to adjust 
current in an a.c. circuit ? SCE: 1993) 

Ans. If a rheostat is used in controlling a.c. supply, 
electrical energy will be wasted in the form of heat energy 
across the resistance wire (windings of the rheostat). 
However, a.c. supply can be controlled with a choke without 
any wastage of energy. This is because, power factor (cos ¢) 
for a resistance is one and it is zero for an inductance. 


Q. 4.01. Fig. 4.14 below shows three different orien- 

tations of a circular coil rotating in the magnetic field 
between the poles of a horse shoe magnet. 

(a) Determine the direction of induced current in the 
coil, if the rotation is anticlockwise as viewed by the reader. 
(b) In which orientation during rotation (with uniform 
angular speed) is the induced e.m.f. greatest ? 

(Text Question) 


Fig. 4.14 (b) 
Ans. (a) In position of coil shown in Fig. 4.14 @), induced 
current will flow along ABCD. 
In position of coil shown in Fig. 4.14 (b), induced current 
will flow along ABCD. 
As the plane of the loop is normal to the field ; no current 
will flow, when the coilis in position as shown in Fig. 4.14 (c). 


Fig. 4.14 (c) 


)¢| TECHIE STUFF - CONCEPTUAL SHORT ANSWER QUESTIONS 


For “mbitious, Prilliant & Curious Students 


In uctor consumes no elec cpo vi 
(H.PS.S.CE. 199 


Q. ide 
in an a.c. circuit. Explain. 

Ans. Refer to section 4.10. 

Q. 4.15, Why choke coil cannot be wser:i in d.c ?_ 

(H.S.S.C.E: 2001, 1997 § 

Ans. In a.c. circuit, a choke coil (inductance) offers reac 

tance (resistance) to the flow of current, pn is. given by 
X, =@L=27fL, 
where fis frequency of a.c. 

The frequency of d.c. supply is zero. Therefore, reactanc 

due to inductance in d.c. circuits, 
X,,=22(0) L=0 

Hence, choke coil cannot be used in d.c. circuits. 

Q. 4.16. A radio frequency choke is air-cored, wherea 
an audio frequency choke is iron-cored. Give reasons fc 
this difference. (C. Boo Ea l og 

Ans. The inductive reactance, 

X, =o L=2 af (up, m2 1A) 

It follows that at radio frequency (f = very high), X 
will be very large, even when the choke is air-cored (p= 1) 
and at audio frequency ( f = quite low), X;, will be larg 
provided the choke is iron-cored (yu, =large). Hence, a radi 
frequency choke is air-cored and an audio frequency chok 
is iron-cored. 


(b) Greatest induced e.m.f. is produced corresponding t 
orientation as shown in Fig. 4.14 (a). Itis because, when co 


is horizontal, is maximum. 


dt 
Q. 4.02. Why is the e.m.f. zero, when maximut 
number of magnetic lines of force pass through th 

coil ? 
Ans. In the vertical position of the coil, the magnetic flu 
linked with the coil is maximum. But as the coil starts rotatin 
from this position, the rate of change of magnetic flux is zer 


d 
Since e = — ~ , the induced e.m.f. produced is zero. 


Q. 4.03. When the motor of an electric refrigerate 
starts, the lights in the house become dim momet 
tarily. Why ? 

Ans. When the electric motor of the refrigerator starts, 
draws maximum current from the a.c. mains. It is because, ju: 
at the start of the motor, the back e.m-f. is zero. Due to the larg 
current drawn by the motor, the current through the lighi 
(connected in parallel) decreases and they become din 
However, as the armature of the motor rotates, back e.mf. : 
produced and the motor draws current less than that draw 
in the beginning. Then, the lights recover their brilliance. 

Q. 4.04. Can a capacitor of suitable capacitance replac 
a choke coil in an a.c. circuit ? Explain. 

Ans. In an a.c. circuit, reactance offered by capacitor 

given by 
1 
A Oe 

‘Since the alternating e.m.f. lags the current by a phas 

angle 2/2 the average power consumed in a capacitor wi 


Xc= 


Seaee PSO es eee ea: 
9. Thus capacitor al 


yithout consuming power just as the choke coil does and 
ence it can replace the choke coil in a.c. circuit. 


Ans. A starter used along witha choke in a fluorescent 
ibe is a thermal switch in the form of a bimetallic strip. When 


Q. 4.05. Write the working principle of a starter used 
along with a choke in a fluorescent tube. 
(C'B:S.E. 1998 S) 


1. With the help of a labelled diagram, explain the working 

principle of a step-up transformer. (C.B.S.E. 2002) 

2. Explain the principle and theory of a transformer. Why is 
the efficiency of a transformer always less than one ? 

UIP SS CLE 19961AP.St8.C.E. 1994) 

3. Discuss the principle, working and use of a transformer 

for long distance transmission of electrical energy. 

(PiSIStCE. 1997) 

4. Whatis the principle of a transformer ? Explain its theory 

and its application for long distance transmission of 

electrical energy. (PS:SiG.E. 1996 S) 

5. Draw a labelled diagram of an a.c. generator. Write the 

principle on which it works. (C.B.S.E. 2002) 

6. Explain on what factors the induced e.m.f. ina coil rotating 

in a uniform magnetic field depends. Explain, why there 

is sparking when an electrical circuit is broken, but not 

when it is made. (C.B.S.E. Sample Q. Paper) 

7. Arectangular coil of n turns and area Ais held ina uniform 

magnetic field B. If the coil is rotated at a steady angular 


PRS UTS 


1. Give the principle, construction and theory of a trans- 
former. (P'S,S.C. 1999 oo, Fioe3 <b. 1999 S) 
2. Describe the principle construction and working of a 
transformer. Why is core of a transformer laminated ? 
(H.P9.9.C.6. 1997 7 C.B.S.E..1991) 
3. Explain with the help of a diagram, the principle, cons- 
truction and working of a step-up transformer. Why is its 
core laminated ? (H-S.S.C.E. 2002 ; C.B:S.E. 1995) 
4. Explain the princple, construction and working of a step- 
down tranformer. Can it be used with a d.c. circuit ? 
(H.S.S.C.E. 2002) 
5. Describe the principle, construction and working of a 
transformer. What are the energy losses in it and how we 
reduce them ? (H.PS.S.C.E. 2002 ; 
PS.S.C.E. 2002, 2000, 1999 ; H.S.S.C.E. 1993) 
6. Explain the principle and working of a transformer. How 
is it useful for transmission of electrical energy ? 
(P.S.S.C.E. 2000, 1999, 1998) 
7. Explain with the help of a labelled diagram, the cons- 
truction and working of an a.c. generator. 
, (H.S.S.C.E. 2002) 


Type A. OnTransformer _ 
1. Anaz.. voltage of 200 V is applied to the primary of a 
transformer and voltage of 2000 V is obtained from the 
secondary. Calculate the ratio of the currents through the 


primary and secondary coils. (C.B.S.E. Sample Q. Paper) 
[Ans. 10] 


SHORT ANSWER QUESTIONS 


EQUENTLY ASKED LONG ANSWER. 


,a hig nt passes through the 
thermal switch and raises the electrodes at the two ends of the 
fluorescent tube to incandescence. Due to rise in temperature 
inside the starter, the bimetallic strip bends and the contact is 
instantaneously broken. Due to this, a high potential difference 

= 1000 V) is induced between the electrodes of the tube, 
which allows a discharge to pass through the mercury vapours 
enclosed in the tube. 


. Carrying 3 Marks 


speed w, deduce an expression for the induced e.m.f. in the 
coil at any instant of time. 

8. State law of electromagnetic induction. Arectangular loop 
of N turns of length ‘a’ and width ~b’ is rotated with an 
angular velocity ina uniform magnetic field of induction 
B. Show that induced e.m-f. is given by 

e=oNbaBsinwt 

9. Draw a labelled diagram of a d.c. generator and describe 
its construction briefly. (P-S.S.GE. 2002) 

10. Briefly explain the use of a starter for operating a d.c. 
motor. (H.S.S.C.E. 2001) 

11. Explain the use of a motor starter. (PS.S.C.E. 2001, 1991) 
12. Describe principle, construction and uses of a choke coil. 
CHES.S.C: E1996) 

13. Explain the construction and working of a choke. Where 
is it used ? Explain, why is it preferred to resistance in a.c. 
circuits. (C.B.S.E. Sample Q. Paper) 


QUESTIONS 


Carrying 5 Marks 


8. Draw a labelled diagram of a.c. generator. State its prin- 
ciple and explain its working. (HLP.S.S.C-E. 1996) 
9. Describe the principle, construction and working of an a.c. 
generator. (PS.S.C.E. 2001 ; H.S.S.C.E. 1999, 1997, 1996) 
10. Draw a labelled diagram of an a.c. generator. Give 
principle, construction and working of an a.c. generator. 
(H:P'S:S:CiE: 2002 ; C.B.S.E. 1994) 
11. Give the construction, principle and working of an a.c. 
dynamo (a.c. generator). 
(PS.S.C.E. 1999 S ; H.PS.S.C.E. 1999 S ; H.S.S.C.E. 1992) 
12. Give the principle, construction and working of d.c. gene- 
rator. (C.B.S.E. 1994) 
13. Explain the construction, principle and working of a d.c. 
motor. Find the expression for its efficiency. 
(P5,S.C.E. 2001 ¢..5.8.C.E, 1993) 
14. Draw a neat diagram of a d.c. motor and explain its 
working. What is the function of starter ? 
(H.S.S.C.E. 2002) 
15. Draw a labelled diagram of ad.c. motor. State its prin- 
ciple and explain its working. (C.B.S.E. Sample Q. Paper) 
16. Whatis choke coil ? Describe its construction, working and 
uses. Why it cannot be used in a d.c. circuit ? 


(PS.S.C.E. 2001) 


acme ae 
BLEMS 
or Practice 
2. In an ideal transformer, the number of turns in primary 
and secondary coils are 2000 and 100 respectively. If 
maximum voltage in primary is 120 V, what is maximum 


voltage in secondary ? 
(H.P.S.S.C.E. 1999 S) [Ans. 6 V] 


10. 


Type B. On a.c. gene 


The output voltage of ani 
a 240 V a.c. mains, is 24 V. When this Heater is used 
to light a bulb with rating 24 V — 24 W, calculate the current 
in the primary coil of the circuit. (C.B.S.E. 2000) 
[Ans. 0-1 A] 
A step-up transformer is used on a 120 volt line to provide 
a potential difference of 2400 volt at 2 ampere current. If 
primary has 1000 turns, find the number of turns in 
secondary and current in the primary coil. 
[Ans. 20,000 ; 40 A] 
How much current is drawn by the primary coil of a 
transformer, which steps down 220 V to 44 V to operate a 
device with an impedance of 440 Q? (H.S.S.C.E. 1998) 
[Ans. 0-02 A] 
A step-up transformer operates on a 200 volt line and 
supplies a load of 2 ampere. The ratio of primary and 
secondary windings is 1:5. Determine the secondary 
voltage, primary current and power output. Assume 
efficiency to be 100%. [Ans. 1000 V, 10 A, 2000 W] 
A step-down transformer is used at 220 volt line to provide 
a current of 0-5 ampere toa 15 watt bulb. If the secondary 
has 20 turns, find the current and number of turns in the 
primary coil. [Ans. 0-0682 A, 147] 
A transformer has an efficiency of 80%. It works at 4 
kilowatt and 100 volt. If the secondary voltage is 240 volt, 
calculate the primary and secondary currents. 
(C.B.S.E. 2001) [Ans, 40 A; 13-33 A] 
Calculate the current drawn by the primary of a 
transformer, which steps down 200 V to 20 V to operate a 
device of resistance 20 Q. Assume the efficiency of the 
transformer to be 80%. (C.B.S.E. 2001) [Ans. 0:125 A] 
A step-down tranformer converts a voltage of 2200 V into 
220 V in the transmission line. Number of turns in primary 
coil is 5000. Efficiency of transformer is 90% and its ouput 
power is 8 kW. Calculate (a) number of turns in secondary 
coil and (b) input ee [Ans. (a) 500 (b) 8-889 kW] 
or 


12. 


13. 


14. 


15. 


ormal um value | 
induced e.m.f. _ [Ans. 5-655 V 
A rectangular coil 25 cm x 10 cm and having 700 turn 
rotates about an axis at right angles to a magnetic field o 
20 gauss at 1500 revolutions per minute. Calculate th 
maximum value of the e.m-f. generated 1 in the coil. 
[Ans. 5:5 V 
A flat coil of 500 turns, each of area 50 cm2, rotates in. 
uniform magnetic field of 0-14 Wb m~ at an angular spee: 
of 150 rad s-1. The coil has a resistance of 5 Q. The induce: 
e.m.f. is applied to an external resistance of 10Q. Calculat 
the peak current through the resistance. (C.B.S.E. 1995 
[Ans. 3-5 A 
Ana.c. generator consists of a coil of 2000 turns each of are 
80 cm? and rotating at an angular speed of 200 p.m. in 
uniform magnetic field of 4-8 x 10-? T. Calculate the pea 
and r.m.s. value of e.m.f. induced in the coil. 
(P.S.S.C.E. 2001) [Ans. 16-085 V, 11-375 V 
A rectangular coil of dimension 40 cm x 25 cm havin: 
1000 turns rotates ina uniform magnetic field of strengt 
0-08 Wb m~? about an axis perpendicular to the field. | 
the coil makes 300 revolutions per minute, find the valu 
of instantaneous e.m.f. when the plane of the coil make 
angle of (i) 0° (ii) 45° (iii) 90° with magnetic lines of force 
[Ans. (i) 251-33 V ; (ii) 177-72V ; (iii) zerc 


Type C. On Motor 


16. 


17. 


18. 


An electric motor operating at 200 V draws a current c 
5 A at its full speed. The resistance of the armature is 1 
Q. Calculate the back e.m.f. and efficiency of the motor. 
[Ans. 150 V, 75 % 
A motor runs at 220 V. The resistance of the armature i 
11 Q. If the back e.m.f. produced is 198 V, when at fu 
speed ; then calculate the current through armature, whe 
(i) motor is just switched on and (ii) motor is at full speec 
[Ans. (i) 20 A (ii) 2 A 
A motor develops back e.m.f. of 210 V, when it is run a 
240 V. If the armature current is 5A, calculate (a) resistanc 
of the armature, (b) the mechanical output power and ( 
the power dissipated in the motor. 
[Ans. (a) 6 Q, (b) 1050 W (c) 150 W 


SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FOR PRACTICE 


11. A closely wound rectangular coil of 200 turns and size 
0:3 m x 0-1 m is rotating in a magnetic field of induction 
0-005 Wb m~ with a frequency of 1800 r.p.m. about an axis 

' Ty _ e, _ 2000 
pany ey  . 200 
2. Proceed as in solved problem no. 4.01. 
3. Proceed as in solved problem no. 4.02. 
4. Here, e, = 120 V, e, = 2400 V ;1,=2 A, N, = 1000 
x 
Now, N,=N, x= 1000 x 2409 — 20,000 
ey 120 
Asonkestite seaer a oe 
‘ ep 120 
5. Proceed as in solved problem no. 4,03. 
6. H =200V;1,=2A; 22 2 
- Here, e, = A,=2A; 3A 
e 
Now, e, =¢yX a= p20 _ 1000 V 
N, N,/N, 1/5 
Also, I =I, hana 000 Ege 
oa 200 


Output power = e, I, = 1000 x 2 = 2000 W 


Te 


Here, &, = 220 V;1,=05 A; e,1,= 15 W,N, = 20 


e. I 15 
Now. L/S e28 29) 26 begora 
oy Poke 290 
pangs 
Algo} eget Steals 30. Vi 
ey 0-5 
e x 
: Np=N,x 2-20 220 _ 
es 30 


Here, 7 = 80%, é, I, = 4 kW = 4000 W ; 
ey = 100 V ; e, = 240 V 


e,1 
Now, p= i Bie cag 
ey 100 
I 
Also, n= aah sea pes £3 
ey ly 100 4000 
Plea eae 
100 x 240 
Here, 9 = 80%, e, = 200 V ; e, = 20 V and Z = 20 Q 
Dare erasers 


ea) 


ab ate Ts 80 _ 20x11 
inde ey Ip 100. 200x!I, 
{fyi hn es x t 

BG Tefen 2 pts wy 

aids Ak tyesij290.% 80, 


4 'Here, Le 2200 V ; e, = 220 V, N, = 5000, 


e, 1; = 8 kW = 3000 W and 1 = 90% 


(a) NowN, =N, x“ BONDI 220 stig 
ot ur Pep 2200 
e4 
(b) Also, gs gel or 90 _ es Is 
opp LOG ade 
pees ee Nent x1) . 8000 X 1 
lor! ey Ip= bela XO 8000 100 _ geo w = 8.909 KW 


11. 


13. 


14. 


Proceed as in solved problem no. 4.08. 


.. Proceed as in solved problem no. 4.08. 


Here, n = 500 ; A= 50 emis 50 x 104 m 
B=0:14 Wb m and w= 150 rads} 


Now, ¢)=B Aw = 500 x 0-14 x 50 x 10 x 150 = 525 V 


Resistance of the coil, R=5 Q 
and external resistance, R; = 10 Q 


' ‘Therefore, peak current through external resistance, 


eo 525 
R+R, r. 
Here, n = 2000 ; A= 80 cm2 

'B=48'x 10 T 
22x 200 _ 20% 
60 3 


Now, ¢, = 1 BAw = 2000 x 4:8 x 107 x 80 x 10+ x 
= 16-085 V 


Ip = 


= 80x 104m?; 
and w = 200 rp.m. = rads"! 


20 2 
3 


ills). 
16. 


72 


18. 


= 
a 


Proceed as in solved problem no. 4.08. 
ew Hd peers 200-e 


10 
or e=200-50=150V 
Input power = EI = 200 x 5 = 1000 W 


Output power = EI-I?R = 200 x 5- (5)? x 10 = 750 W 
750 
= soon * 00= 75 % 
U] 1000 75 % 


150 


Aliter. £ x 100-2100 = 75 
iter. n= = 200 % 


Here, E = 220 V;e=198V;R=11Q 
(i) When motor is just switched on, e = 0 
Ee * 220-0 


I= =20A 
R 11 


(ii) When motor is at full speed, 

joe _ 220-198 44 

R 11 

GN or Leen 
R R 
or R=6Q 
(b) Output power = EI-I? R= 240 x 5- (5)? x 6= 1050 W 
(c) Power dissipated in the motor = I? R = (5)? x 6 = 150 W 
Aliter. Input power = EI = 240 x 5 = 1200 
Output power = eI = 210 x 5 = 1050 W 
Therefore, power dissipated = 1200 — 1050 = 150 W 


Competitive cyagees: File (Unit IV) | 


REVISION ATAGLANCE 


Chapter 1. Electromagnetic induction 
O Magnetic flux. The number of magnetic field lines crossing a surface normally is called magnetic flux (p) linked with the surface. 


Mathematically: ¢=B.A=BAcos6@, 
where B is the magnetic field, A is the area of the surface and @ is the angle between the direction of the magnetic field and 
normal to the surface. 

Unit. In SI, unit of magnetic flux is weber (Wb) 

1 weber = 108 maxwell ) 

O Electromagnetic induction. It is the phenomenon of production of e.m.f. in a coil, when the magnetic flux linked with the coil 
is changed. 

The e.m.f. so produced is called induced e.m.f. and the current so produced is called induced current. 

O Faraday’s laws of electromagnetic induction : 

First law. Whenever magnetic flux linked with a circuit (a loop of wire or a coil or an electric circuit in general) changes, induced 
e.m.f. is produced. 

Second law. The induced e.mf. lasts as long as the change in the magnetic flux continues. 

Third law. The magnitude of the induced e.m.f. is directly proportional to the rate of change of the magnetic flux. 
dp __ o2-%1 
dt t 

O Lenz’s law. It states that the induced current produced in a circuit always flows in such a direction that it opposes the change 
or the cause that produces it. 

Lenz’s law can be used to find the direction of induced current. 

O Motional E.M.F. When a conductor of length / moves with a velocity v in a magnetic field B, so that magnetic field is. 
perpendicular to both the length of the conductor and its direction of motion, the magnetic Lorentz force on the conductor 
gives rise to e.m.f. 

Mathematically : e=Blu 

0 Eddy currents. The currents induced in the body of a conductor, when the magnetic flux linked with the conductor changes, 
are called eddy currents (or Focault’s currents). 

The direction of the eddy currents set up in the conductor can be found by applying Lenz’s law or Fleming’s right hand 
rule. 

OD Self induction. The phenomenon according to which an opposing induced e.m.f. is produced in a coil as a result of change in 
current or magnetic flux linked with it, is called self induction. 

O Coefficient of self induction. The coefficient of self induction or simply self-inductance (L) of a coil is numerically equal to 
the magnetic flux (p) linked with the coil, when a unit current flows through it. 

Mathematically : g=LI 

The self-inductance of a coil is also numerically equal to the induced e.m.f. produced in the coil, when the rate of change of current 
in the coil is unity. ° 


Mathematically : Induced e.m.f., @=— 


Mathematically : e=-L Hu 


Unit : In SI, the unit of self-inductance is henry (H). 

The self-inductance of a coil is said to be one henry, if a rate of change of current of 1 ampere per second induces an e.m.f. of 1 volt 
in it. : 

0 Self-inductance of a long solenoid. The self-inductance of a long solenoid of length I, area of cross-section A and 
number of turns per unit length n is given by 

C= i, n° EA 

O Mutual induction. The phenomenon according to which an opposing induced e.m.f. is produced in a coil as a result of change 
in current or magnetic flux linked with a neighbouring coil is called mutual induction. 

O Coefficient of mutual induction. The coefficient of mutual induction or simply mutual inductance (M) of the two coils is 
numerically equal to the magnetic flux (p) linked with one coil, when a unit current flows through the neighbouring coil. 

Mathematically : ~g=MI 

The mutual inductance of two coils is also numerically equal to the induced e.m.f. produced in one coil, when the rate of change of 
current is unity in the other coil. 


Mathematically : e=—-M at 


Unit. In SI, the unit of mutual inductance is henry (H). 
The mutual inductance of two coils is said to be one henry, if a rate of change of lg of 1 ampere per second in one coil induces 
1 e.m.f. of 1 volt in the neighbouring coil. i 
1 volt 


1 ampere second! 
O Mutual inductance of two long solenoids. When over a solenoid S, of length I, area of cross-section A and number 
f turns per unit length n,, another solenoid S, of same length and number of turns per unit length 1, is wound, then mutual 
ductance between the two solenoids (current is passed through solenoid S,) is given by 
M=p,1,1,!A 


ome Useful Facts : 


1. The induced e.m.f. in a coil can be produced in three ways, namely : by changing magnetic field B, by changing area 
f the coil inside the field or by changing inclination of the coil with the magnetic field. 

2. When a conductor is moved inside a magnetic field, the e.m.f. produced across its two ends is due to magnetic Lorentz 
rce experienced by the electrons inside the conductor. 

3. The eddy currents have both practical useful applications as well as undesirable effects. 


Chapter 2. Transient current 


0 Growth of current in LR-circuit. The instantaneous current is given by 


R 
——t 
I=I,/1-e 


1 henry = 


O Decay of current in LR-circuit. The instantaneous current is given by 
——t 
I=Ihe b 
Both growth and decay of current in an LR-circuit are exponential in nature. 
O Inductive time constant. = has dimensions of time and it is called inductive time constant of LR-circuit. 


The inductive time constant of an LR-circuit is defined as the time, in which current grows from zero to 0-632 of its maximum 
alue during growth or decays from maximum value to 0-368 of its maximum value during decay. 


The current takes practically a time equal to = to grow from zero to maximum value (during growth) or to decay 


‘om maximum value to zero (during decay). 
O Growth of charge in CR-circuit. The instantaneous charge on the capacitor is given by 


Also potential difference across the two plates of the capacitor and current in the CR-circuit at any instant are respectively 
iven by 


and I=I)e 
| Decay of charge in CR-circuit. The instantaneous charge on the capacitor, potential difference across its plates and 
ne current in the circuit are respectively given by 
t 
PG Pia 
yf ah 
t 


Vee CR 


and f==T:¢ SE 


oO Capacitive time constant. CR has dimensions ne and capacitive time constant of al 
The capacitive time constant of a CR-circuit is defined as the re in sg ir ore grows os Horr zero to 0:632 of He maximum value 
during growth or decays from maximum to 0-368 of its maximum value during decay. 

O Energy stored in an inductor. When current flows through an inductor, the energy stored in it is given by 


Get  naeee opener 
2 


where I) is final value of current in the inductor. The energy is stored inside an inductor in the form of magnetic field. 
O Energy stored in a capacitor. eee: stored in a capacitor, when it is charged, is given by 


Lp sy hatte 
U= ; CE a iia 5B 
where E is maximum value of potential one set up across the two plates of the capacitor. 
The energy is stored inside the capacitor in the form of electric field between the plates of the capacitor." 
OLC-oscillations. When a charged capacitor discharges through an inductor, eb a gl are produced. The ah frehisdncy 


of the oscillations is given by 


veh etre 
ty 2% iC 
Some Useful Facts : aes ; 
1. In a CR-circuit, current always decays from maximum value to zero during both the growth and decay of charge in 


a CR- circuit. ect 
2. In an inductance or in a capacitor, energy is stored at the expense of the energy of the source of e.m-f. 


Chapter 3. Alternating current 


O Alternating current. The current, whose magnitude changes with time and the direction reverses periodically is known as 
alternating current. 

It can be represented by a sine or cosine function of time. 

The instantaneous value (value at any time t) of alternating current is given by 


I=], sinot or I=], cos wt 
, 22 
Here, I, is called peak value of a.c. and ® = ag 2x f 
Similarly, the alternating e.m.f. is represented as 
E=E,) sin wt or E = E, cos wt 


O Mean or Average value of a.c. It is that steady current, which when passed through a circuit for half the time period of the 
alternating current sends the same amount of charge as is done by the alternating current in the same time through the same circuit. 


Fag | 
Mathematically : I, (orI,) = — = 0-636 I, 
4 


O Root mean square (r.m.s.) or virtual value of a.c. It is that steady current, which when passed through a resistance for a 
given time will produce the same amount of heat as the alternating current does in the same resistance and in the same time. 


Mathematically: 1,,,,, (orl,)= thon 0-707 Iy 


J2 


0 a.c. through a resistor. The alternating e.m.f. is in phase with the current, when a.c. flows through a resistor. 

O a.c. through an inductor. The alternating e.m.f. leads the current by a phase angle 7/2, when a.c. flows through an 
inductor. 

O Inductive reactance. It is the opposition offered by the inductor to the flow of alternating current through it. 

Mathematically : X, =@L=2afL 

The inductive reactance is zero for d.c. ( f = 0) and has a finite value for a.c. 

O a.c. through a capacitor. The alternating e.m.f. lags behind the current by a phase angle 7/2, when a.c. flows through 
a capacitor. 

O Capacitive reactance. It is the opposition offered by the capacitor to the flow of alternating current through it. 


Mathematically : Xerisetmees 
athematically : ire a 2n fC 
The capacitive reactance is infinite for d.c. ( f = 0) and has a finite value for a.c. 
0 Phasor diagram. A diagram representing alternating voltages and currents (of same frequency) as vectors along with the phase 
angle between them is called a phasor diagram. 


t 


Impedance of LR-circuit, Z= Ate Ne? 12 


0 a.c. through a series CR-circuit. The alternating e.m.f. lags behind the current by a phase angle ¢ is given by 


ee rata 
an g= 
R 
Impedance of CR-circuit, Z= |R?4+ int oe 
wo C 
0 a.c. through a series LCR-circuit. The alternating e.m.f. leads/lags behind the current by a phase angle ¢ given by 
~wLb-1faC 


tan @= 
The e.m.f. leads the current, if @ L> 1/ w Cand it lags behind the current, if a L< 1/w C. 


Impedance of LCR-circuit, Z= (RE +(oL-1/@ Cc)? 


O Resonant series LCR-circuit. When the frequency of a.c. supply is such that the inductive reactance and capacitive 
ctance become equal (X, = X,), the impedance of the series LCR-circuit is merely equal to the ohmic resistance in the circuit. 
such, the current in the circuit becomes maximum. Such a series LCR-circuit is called resonant series LCR-circuit and 
frequency of the a.c. supply is called resonant frequency (f,). The resonant frequency is given by 


remem Kes 
y yE 2) Bae 


O Q-factor. It indicates the sharpness of the resonance. 


Mathematically: Q-factor= sinker 
22% fo L 
The higher value of Q-factor indicates sharper peak in the current. 
O Average power of an a.c. circuit. It is given by 
leas = EB, L. cos ¢, 
ere E,, I, is called apparent power and cos ¢ is called power factor. 
For a.c. circuit having R only ; L only ; C only ; Land R; C and R ; and L, C and R ; the power factor is equal to 1; 0 ; 0; 


3 . nd peste notte vitals respectively. 


Soe (ESE! PATE SS Bret Gy R2 +(@L-1/wC)" 
O Wattless current. The component I, sin ¢ of alternating current is called wattless or idle current. 


me Useful Facts : ; 
1. The average value of a.c. is zero over a complete cycle of a.c. 


2. The peak value of a.c. in a circuit containing inductor is a and in a circuit containing capacitor is ws 
L e. 


3. An inductor offers an easy path to d.c. and a resistive path to a.c. 
4. A capacitor serves as a block for d.c. and an easy path to a.c. 


Chapter 4. Electrical machines and devices 


O Transformer. It is a device used to change low alternating voltage at high current into high voltage at low current and vice- 
sa. It is based on the phenomenon of mutual induction. For an ideal transformer, 


gp ee ty SON. 
€ 


=k 

BM bas p 

Here, k is called transformation ratio. 

For a step up transformer, k > 1 i.e. e, > Cy I, <I, and N, > N,- 
For a step down transformer, k < 1 i.e. e,< en 1, > I, and N, < N,- 


practice, efficiency | 


O Induction coil. It is a device used to obtain high potential difference from a low d.c. potential difference. 


It is based upon the phenomenon of mutual induction. 


O Alternating current generator. It is a device used to obtain a supply of alternating e.m.f. by converting rotational mechanical 
energy into electrical energy. It is based on the phenomenon of electromagnetic induction. 


The instantaneous value of e.m.f. produced is given by 


e=nBAosinoat, 


where 1 is number of turns of the coil ; Ais the area of coil and w is angular frequency of rotation of the coil inside a magnetic 


field strength B. 


O d.c. motor. It is a device used to convert electrical energy in the form of d.c. supply into mechanical energy of rotation. 
The current through the armature of the motor is given by 


E-e 
R 


[= 


y 


where E is applied d.c. e.m.f., e is back e.m.f. produced and R is resistance of the armature. 
O Motor starter. It is a variable resistor, which is used to protect the motor from the possible damage, during its operation. 
0 Choke coil. It is an inductor used to control the flow of current in an a.c. circuit. 
Practically, average power comsumed by a choke coil is zero. 


Some Useful Facts : 


1. In a transformer, if we gain in voltage, we lose in current and vice-versa. 
2. The transmission of electric energy is done at high voltage, so as to reduce the dissipation of energy. 
3. In an induction coil, although the potential difference across the terminals reverses regularly, yet a large effective 


potential difference is obtained in one direction. 


4. A practical inductance consumes a small electrical energy due to its small ohmic resistance. 


Chapter 1. 


Problem 1.01. A current of 10 A is flowing in a long 
straight wire situated near a rectangular circuit, whose two 
sides of length 0-2 m are parallel to the wire. One of them 
is at a distance of 0-05 m and the other at a distance of 0-1 
m from the wire. The wire is in the plane of the rectangle. 
Find the magnetic flux through the rectangular circuit. If 
the current decays uniformly to zero in 0-02 s, find the e.m.f. 
induced in the circuit and indicate the direction in which 
the induced current flows. (Roorkee, 1994) 

Sol. Fig. 1.01 shows a rectangular circuit ABCD, whose 
two sides AD and BC, each of length = 0-02 m are at distances 
r, = 0-5 m and r, = 0-1 m from the long straight wire carrying 
current 1= 10 A. 


---1,--- 


enna nnn 


Slee) ert ete eset a) >| 
----x+dx----»| 


NUMERICAL PROBLEMS FROM COMPETITIVE EXAMINATIONS 2:20 


Electromagnetic induction 


The magnetic field due to the current carrying wire 
decreases, as the distance from the wire increases. If B is 
magnetic field at a distance x from the wire, then the magnetic 
flux linked with the shaded strip, 

dp = B x area of shaded strip 


EP hei y PE 
Aise***x 


Therefore, magnetic flux linked with the rectangular 
circuit, 


tr f 
2 
me ie Saree 
= | dg = — - 211 |—dx = — X2 Il} 1 
. fap 4n fo 4n 10g. ~| 
n n 1 
Ho: 
4x 
Setting values of I, I, r; and r,, we have 


‘211 log, 1) — log, I= fy 2 Hoge = 


iS 0-1 & 
¢=10 72x 10x 0-2loge == 4% 10 7 log, 2 


=4x 10-7 x 0-693 
or ¢ = 2-772 x 10-7 Wb 
When the current changes to zero in time 0-02 s, the final 
magnetic flux linked with the coil becomes zero. Ife is induced 
e.m.f. produced, then 
dp __ 0-2-772x 10-7 
dt 0:02 
= 13:86 UV 


= 1-386 107° 


blem 1.02. A pair of parallel horizontal conducting 
Is of negligible resistance shorted at one end is fixed on 
able. The distance between the rails is L. A conducting 
assless rod of resistance R can slide on the rails 
ctionlessly. The rod is tied to a massless string which 
sses over a pulley fixed to the edge of the table. A mass 
tied to the other end of the string, hangs vertically. A 
nstant magnetic field B exists perpendicular to the table. 
the system is released from rest. Calculate 
(a) the terminal velocity achieved by the rod and 
(b) the acceleration of the mass at the instant, when the 
locity of the rod is half the terminal velocity. 
CF T1997) 
Sol. (a) Fig. 1.02 shows a conducting rod AB of length 
and resistance R sliding with a velocity v along Y-axis, while 
constant magnetic field B exists along Z- axis. 


The e.m.f. induced in the rod, 
e=BLu 
The induced current flowing through the rod, 
1-23 BLvu f 
R R 

The direction of flow of the current through the rod AB 
“ill be such that the induced e.m.f. produced would oppose 
he motion of the rod along OY. Thus, the rod will experience 
orce along negative Y-axis. The magnitude of the force is 
iven by 


Bile 
FBI =B xX xL 


See 


The force acting on the rod equals the tension in the 
tring. If the rod moves with acceleration a along OY, then 


BL? v 
ma=mg-T=mg-F=mg- R 
a sis Le ‘ 
or =g MR wall 


If the rod-acquires the terminal velocity v, , then a = 0. 
setting v = u;and a = 0 in equation (i), we have 


BL v 
0=2- 
& mR 
_mgR 
eee "OB 


(b) Thesacceleration of the rod, when it moves with 


: Paietns th Bae te aeis 
velocityU =p) 1Le.v= is given b 
ty 2 0 > B2 iw gl bie 


Problem 1.03. Two parallel vertical metallic rails AB 
and CD are separated by 1 m. They are connected at the two 
ends by resistances R, and R, as shown in Fig. 1.03. A 
horizontal metallic bar L of mass 0-2 kg slides without 
friction, vertically down the rails under the action of gravity. 
There is a uniform horizontal magnetic field of 0-6 T 
perpendicular to the plane of the rails. It is observed that 
when the terminal velocity is attained, the poweizs 
dissipated in R, and R, are 0-76 W and 1:2 W respectively. 
Find the terminal velocity of the bar L and the values of R, 
and R,. (L.L.T. 1994) 


Fig. 1.03. 


Thought Process. 


4 


1. The metallic bar will attain terminal velocity, when 
the weight (m g) of the bar and the magnetic Lorentz 
force (B I1).on it become equal and opposite. 

2. The induced e.m.f. produced is equal to potential 


. difference across resistance R, or across R, . 


Sol. Let e be the.induced e.m.f. and I be the induced 
current inthe metallic bar. The bar.slides down. under the 
action of the following two forces : 

. (i) The weight m g of the bar acting vertically downwards 
and 

(ii) The force on'the bar BI/ due to magnetic field acting 
vertically upwards. 

The bar will attain terminal velocity, when 

~Bll=mg 


Here, B=0-6T;m=0-2kgand/=1m 
0-6 x Ix1=0:2 x 9-8 
or | de TN 
0-6 X 1 
If v is the terminal velocity attained, then 
-e=Bul (1) 


Suppose. that part I;,of the induced current flows 
through resistance R; and the remaining part 1, flows through 
R,. Then, 

L+1,=1 

or 1, +1,=3-266A 

Further, power dissipated in-resistance R,, 

el, =0-76 


...{ii) 


...{iii) 


and power dissipated in resistance R 


Dividing the equation (iii) by (iv), we have 


ad lie eieae & = 0-633 
el, 1: 2 
or I, = 0-633 I, PCO) 


Substituting for I, in equation (ii), we have 
0-633 I, + 1, = 3-266 or 1, =2A 
From equation (v), we have 
I, = 0-633 x 2= 1-266.A 
Substituting for I, in equation (iii), we have 
e = 1-266 = 0-76 ore = 0:6 V 
Substituting for ¢ in equation (1), we have 
0-6=06xvxlorv=i1ms 
Now, induced e.m.f. produced is also equal to potential 
difference across resistance R, or across Rj, we have 


e 0-6 9 
Ry =—=—— =— = 0-474 
Tibbly o2'12266- 19 
BO 
d Ry =~ = =039 
an 2 iy > 


Problem 1.04. A metal bar AB can slide on two parallel 
thick metallic rails separated by a distance |. A resistance 
R and an inductance L are connected to the rails as shown 
in Fig. 1.04. A long straight wire carrying a constant current 


AT t=T 


I, is placed in the plane of the rails and perpendicular to 
them as shown in the figure. The bar AB is held at rest at a 
distance x, from the long wire. At t = 0, it is made to slide 
on the rails away from the wire. Answer the following 
questions : 


I di 
(a) Find the relation among I, oa nd - , Where I is 


the current in the circuit and ¢ is the flux of the magnetic 
field due to the long wire through the circuit. 

(b) It is observed that at time ¢ = T, the metal bar AB is 
at a distance 2 x, from the long wire and the resistance R 
carries a current I,. Obtain an expression for the net charge 
that has flown arouen resistance R from t=O0tot=T. 

(c) The bar is suddenly stopped at time T. The current 
through resistance R is found to be 1/4/at time 2 T. Find the 
value of L/R in terms of the other giyen quantities. 

| (I.I.T. 2002) 


it 


1. When the bar AB moves away, magnetic flux linked 
with the circuit increases due to increase in enclosed 


d 
area of the circuit. As a result, induced e.m.f. i is 


produced in the circuit due to rate of change of magnetic 
flux linked with the circuit. Also induced e.m.f. 


he = is produced in the inductance due to rate of 
t 

current through it. The induced e.m.f. in the inductance 

will oppose the e.m.f. of 


2. When the bar AB is suddenly stopped, the current 
in LR-circuit decays according to the relation, 


ak, 
T=Ipe Lb 


d iS is 
Sol. (a) Let < be rate of change of magnetic flux liked 


din 
with the circuit ; I, the current and — at’ rate of change of 


current in the circuit at any instant. Then, 
on = (- L “\- =IR 
dt 


dt 

dp dl 

= SI RAL; = 
ol GE dt ? 

; , . dl dp 

It is the required relation between I, it and dt 
(b) From equation (i), we have 

tessqill heen or dp=Rdq+Ldl 


or dq=— = [dp - Ld] ...(ii) 


Let @, be See flux linked with the circuit at time 
t= 0 (when barABis at a distance x, from the straight current) 
and ¢, be magnetic flux linked with the circuit at time t = T 
(when bar AB is at a distance 2.x, from the straight conductor. 
At t = 0, current through the circuit is zero and at time t = T, 
current through the circuit is I). 

Integrating both sides of equation (ii) within proper 
limits, we have 


rig ; 
[ges fe L| a 


; ia bie ps 
1 pig Ih le: ety 
o laa ||o ee =ui1 


or = lo —$,)-LIi] be, SG) 
To evaluate ¢, — , : Suppose that the barAB is at a 
distance x from the straight conductor Hf any time f. Then, 
magnetic field at the bar AB at time t, ’”: cs 
Bim ale 2 219 a OMG Ip : N 
40 x. 20 KAS 2 eae 
Here, I, is current passed through the straighbconductor. 
Further, suppose that the conductor’ moves through a1 an 


{ 
afl 
( 


‘i 


mally small distance dx in time dt. Then, small n (iii), we get 


2 
re in magnetic flux linked with the circuit, 
f 1| Mo Ig! 
Mo Io! q-_y log, 2—LI 
dp = B(ldx) =~ dx R| 22 
i foe (c) When the bar is suddenly stopped at time T, current 


Therefore, change in magnetic flux, when the bar moves through the LR-circuit is I,. It, then, decays with time 
initial distance X, to distance 2 x, from the straight according to relation, 
uctor, 

y i R 


2 -=t 
f° Holo! , I=Ihe L (id) 
o2-1 = nx Attime2T, current in the circuit is found tobel, /4.Thus, 
Mae when t=2T-T=T, I=1,/4 
Lali Fn 1 1 é iedat : ; 2% Setting the above condition in pee (iv), we have 
oF e *| LESGF os 
2m ms x 20 x0 Hagel He i so eceduheeed 
Mo Ip ! Ho Io! R ih T 
(log, 2%) — log, Xo) = log, 2 ropitnges 4 Hie. 
2m a ae 8 wt. Ro slog s4 


Chapter 2. Transient current 


Problem 2.01. An inductor of inductance L = 400 mH eres, 
resistors of resistances R, = 2 2 and R, = 2 & are 1=1)e L 
ected to a battery of e.m.f. E = 12 V as shown in Fig. 242 


—=—"t 
or 1=6e 0% =6e%t 
The direction of current through R, will be from its lower 


The internal resistance of the battery is negligible. The 
ch S is closed at time t = 0. What is the potential drop 
ss L as a function of time ? After the steady state is 
hed, the switch is opened. What is the directionandthe ‘© upper end. Lo ae 2 
nitude of current through R, as a function of time ? Problem 2.02. In the circuit shown in Fig. 2.02, the 
(LLT. 2001) battery is an ideal one with e.m.f. V. The capacitor is 
initially uncharged. The switch S is closed at time t = 0. 
(a) Find the charge Q on the capacitor at time f. 
(b) Find the current in AB at time t. What is the limiting 
ial ah value as t > © ? (I.L.T. 1998) 
Reb vie tl. Sol. (a) Here, at t = 0, charge on capacitor, ©O=0 
When the switch S is closed, the current begins to flow 
in the circuit and the capacitor starts charging. Let at any time 
t, Q be charge on the capacitor and I be the current in the 
circuit from the battery. The current divides in various parts 
of the circuit in accordance with Kirchhoff’s first law as shown 
, - in the figure. 


r Yo 
? 


Fig. 2.01 . 
Sol. Here, R, = R, = 22; L= 400 mH = 04H 
and! R= 12V nod 


— an | 


Mri 
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When at-t= 0, switch Sis closed : Current equal to 


12 ; ahi etal 
7B be. 6 A will flow through resistance Rj, while:current °°: 


bsF tn wf 


eries combination of Land R, will grow, according to the 
. ¢ eS YILV tod : Dae Ft ary ef Ger st Fy 
On, * yO a hi 


Ri, a eer D c 
I=], li @ L ‘. : , (i) re eee Serre eR I 
peo FY 5 so R-2 Fig. 2.02 
eel yh RN a at ' In the closed part FABCDEF of the circuit: According 
ere Ip = «ephlend op 6A i to Kirchhoff’s second law, we have 
Therefore, equation: (i) becomes”. | | auth te! : V=IR+S41R 
-——t 
I=6|1-e %4 =6(1-¢°') iy seb ra iim IR=V-2-I1R PAGE: 
AP Yeast titi tis 1ndloe , In the.closed part ABCDA of the circuit : According to 
Hence; potential drop across;Lrat any time'f,..< Kirchhoff’ aout etd 2 we te scr het nn 
y dln d 3 TOT inte Rib sont gy 4g aid aL ; A fi Q 7 
V=Lo=L [ei e = da xo[0 6 5)] (IR S4('=DR=0 


or V=12e°! mE Se hyp 
When after steady state, switch is opened : The current . 
ough the induictance,decays through:series combination From equation (i), substituting for I’ R in equation (ii), 


resistances Ry and R, with time according to the relation, | we have 


wn 2IR+S -FR=0 li) 


DIRT Le v-S-1r}- 
Cc C 
or V==S+31R ...(ii1) 


Setting I= = equation (iii) becomes 


2 
Vics 20 nai ae 
C dt 
dO) UV oc) eee ee 
OMS eC hee 2 
O= 1. G/2eusGR 


Integrating both sides of the above equation within 
proper limits, we have 
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It gives the charge on the capacitor at any time t. 


(b) Now, current in the closed part AB 
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The current through branch AB of the circuit i.e. (I’ - 1 
can be found by using equation (ii). Dividing both sides of 
equation (ii) by R, we have 


ee Tao 
GR 
or pram a re 
CR 
Substituting for I and Q, we have 
2 
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It gives the current through branch AB of the circuit at 
any t time f. 
The limiting value of current through AB, ast +o, 
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‘Chapter 3. Alternating currents 


Problem 3.01. A lamp having a hat resistance of 25 Q 
is not allewed to pass current more than 5 A . Find the value 
of the inductance, which must be used in series with the 
lamp, which is supplied by an a.c. of maximum r.m.s. 325 
V at 50 Hz. (I:S.M. Dhanbad, 1993) 

Sol. Here, R = 25Q; E, = 325 V ; f =50 Hz 

Since the lamp cannot toile current more than 5 A to 
pass through it, it follows that I, =5 A. Let L be the required 
inductance that should be used in series with the lamp. 


Now, I,= By is pvik pat 
\R>+(@L)?.,, , 
5= eye; 


[252 + (20X50 x L)2 


2 
or 257 + (314:16L)2 = (22) = 652 


or 314-16 L=./65*—257 or L=0-191H 


Problem 3.02. An LCR circuit has L= 10 mH, R=3Q 
and C = 1uF connected in series to a source of 15 cosw tf volt. 
Calculate the current amplitude and the average power 
dissipated per cycle at a frequency that is 10% lower than 
the resonant frequency. _ (Roorkee, 1988) 

Sol. Here, L = 10 m= 102 H;R=30; 

C=1yF =10°F 
If w, is sera ole eae Pie 


) Repateet OF 09, = = 
‘ @ C yb Co hon Ry 


ET 


= 10" gad = 
If w is angular frequency 10% lower than w, then 
4 
x x 10 
w= Wy - ae = 104 - ate: 9x 10° rads! 


e and capacitive reactances at : 
gular frequency @ are given by 
X, =o L=9x 10° x 107 = 902 
1 aS 1 
wC 9x10?x10° 
Therefore, impedance of LCR-circuit at angular 
>quency 0, 


z= JR? +(X, —Xc)? = 3? + (90 = 111-11)" 


= 21-32 Q 
Now, applied voltage, E,, = 15 cos w t 
It follows that E,= 15V 


=171TtTe 


and Xe = 


1 
pectin) =0-704A 
Lig 2 a 


Average power, P =E, I, cos = 5 Eo Ip (=) 


Therefore, current amplitude, I, = 


= 5 x 15x 0-704 x 


ao 0-743 W 

Problem 3.03. A 750 Hz, 20 V source is connected to a 
osistance of 100 W, an inductance of 0-1803 H and a 
apacitance of 10F all in series. Calculate the time in which 
ne resistance (thermal capacity = 2 J °C -1) will get heated 
y 10°C. (Roorkee, 1989) 


Sol. Here, R = 100 Q; L = 0-1803 H; 
C=10nF=10°F;E,=20V ;f=750 Hz 


2 
Now, Z= (a2 fe [ot = 2) 
oC 


1007 +[ax750x0-1003- 


2 
as] 


[1002 + (849: 64 — 21-22)? = {1002 + 828-427 
= 834-43 O 
Average power, P = E,,1,.cos wy 


=E, Ey whepewiheaay 
vine) 72 
207 x 100 

= ———_, = 00574 W 
(834: 43) 


If t is the required time, then 
P x ¢ = thermal capacity x rise in temperature 
or 0-0574 x t=2 x 10 
2x10 


t= = 348-4 s 
00574 


or 


Chapter 4. Electric machines and devices 


Problem 4.01. A very small circular loop of area 
x 10-4 m2, resistance 2 Q and negligible inductance is 
nitially coplanar and concentric with a much larger fixed 
ircular loop of radius 0-1. m. A constant current of 1 A is 
yassed in the bigger loop and the smaller loop is rotated 
with angular velocity w rad s-! about a diameter. Calculate 
i) the flux linked with the smaller loop, (ii) induced e.m.f. 
ind (iii) induced current in the smaller loop, as a function 
»f time. . (Roorkee, 1992) 

Sol. Fig. 4.01 shows two concentric circular loops of radii 
1, and a, such that a, > 4. The current I, = 1 Ais passed 
through the larger loop and the smaller loop is rotated with 
angular velocity w about its diameter X'OX. 


Fig. 4.01. 
Also, radius of larger loop, 44 5 0-1 m 
and area of smaller loop, 
Ay = Wan =5 x 10+ m?: 


Magnetic field produced by the larger loop, 
ete te X10 XI 
2 a4 2x): 4 
=2ax106Wbm7 
(i) Initially, the loops are coplanar. Therefore, att = 0, the 
magnetic field produced due to larger loop will be 
perpendicular to the plane of the smaller loop. At any time 
t, the plane of the smaller loop will turn through angle 6 (=a 
t), so that magnetic flux linked with the smaller‘loop at any 
time ft, 


By, = 


. fp = By A, cos @ t 
or Wy = 20x 10°x5x 104 cos wt 
= x 10-? cos w t Wb 
_ (ii) If ey is induced e.m.f, produced in smaller loop at 


any time f, then . 


oa epee “P22 F(a x10 cos w f) 
=n” x10? (-sinw t) xo 
or .? ej =x 10? sinwtV 
(iii) If 1, isinduced current in the smaller loop at any time 
‘t, then 
a eo _ 0x10” @ sin w t 
R> 2 
=52x10wsinwtA 
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Chapter 1. 
PART I. TEXT-BASED QUESTIONS 
The SI unit of magnetic flux is : 9. 
(A) gauss (B) oersted 
(C) tesla (D) weber 
In electromagnetic induction, the induced e.m.f. is inde- 
pendent of 
(A) change of flux. (B) time. 


ROR aa Ae 


E QUESTIONS FROM COMPETITIVE EXAMINATIONS 


(C) number of turns in the coil. 

(D) resistance of the coil. 

Magnitude of e.m.f. produced in a coil, when a magnet is 
inserted into it ; does not depend upon: 

(A) number of turns in the coil. 

(B) resistance of the coil. 

(C) magnetic moment of magnet. 


(D) speed of the magnet. 11. 


A magnet is moved towards a coil, first quickly and then 
slowly. The induced e.m.f. produced is 
(A) larger in first case. (B) smaller in first case. 


(C) equal in both cases. 12. 


(D) larger or smaller, depending upon resistance of the coil. 
Refer to the figure. Deflection in the galvanometer (G) 
occurs, when : 


(A) the magnet is pushed into the coil. 

(B) the magnet is rotated into the coil. 

(C) the magnet is stationary at the centre of the coil. 

(D) the number of turns in the coil is reduced. : 
(Karnataka Entrance, 1992, 1990) - 

Faraday’s law of electromagentic induction is related tothe ' 15) 


law of conservation of 
(A) charge (B) energy 
(C) mass (D) angularmomentum. .°' > 7: 


Fr 


(C.E.T. 1998) * 
A conducting square loop of side L and resistance R moves 
in its plane with a uniform velocity v perpendicular to one 
of its sides. A magnetic induction B constant in time and 
space, pointing perpendicular and into the plane of the | 


loop exists everywhere. The current induced in the loopis >: +"; 
aT Lanna uD) Bi p v/a (CPw. T. 1993); 


Blu v 
(A) eB h clockwise (B) anticlockwise 
lv 
(C) R anticlockwise 7 
(D) zero (LLT. 1989) 


A square shaped coil of side 10 cm and number of turns 500 
is placed perpendicular to magnetic flux lines, which is 
changing at the rate of 1.0 T s“. The e.m.f. induced in the 
coil is 


10. 


an SAS ~ 3! 


16. 


SO i 


Electromagnetic induction 


(A) 0-1V (B) 0-5 V 

(C) 10V (D) 5:0 V (C.PM.T. 15 

A magnetic field of 2 x 10-* T acts at right angles to a 

of area 100 cm? with 50 turns. The average e.m.f. indu 

in the coil is 0-1 V, when it is removed from the field in 

time t. The value of t is 

(A) 0-1 s (B) 0-01s 

(CATs (D) 10s (CBSE, i 

Magnetic flux ¢ (in weber) in a closed circuit of resistz 

10 Q varies with time t¢ (in seconds) geek atts to 

equation: ¢=5 f-4t+1. 

The magnitude of the induced e.m.f. in the circui 

t= 0-2 s is: 

(A) 0-4 V (B) -0-4V 

(C) -2V (D) 2V 

Lenz’s law is a consequence of the law of conservation 

(A) charge only. (B) momentum only. 

(C) energy only. (D) energy and momentum. 
(Pre-degree Kerala, 1: 

The direction of induced e.m.f. is given by 

(A) Fleming’s left hand rule. 

(B) Fleming’s right hand rule. 

(C) Lenz’s law. (D) Biot Savart’s law. 

A straight conductor of length 0-4 m is moved with a sp 

of 7 ms-! perpendicular to a magnetic field of inten 


0-9 Wb m~. The induced e.m.f. across the conductor i 
(A) 5-04 V (B) 1:26 V 

(C) 252 V (D) 25-2 V (Roorkee, 1! 
A piece of wire is passed through’the gap between the p 
of a magnet in 0-1 s. An e.m.f. of 4 x 10° 'V is induce: 
the wire! The prairie flux between the poles of 
“magnet is‘ fa, fa 


(A) 10 Wb (B) 4x 10-4 Wo 
(3 


“(© 4x10? Wb (D) 0:1 Wb | _ 

' A conductor of length] is moved perpendicular to unif 
magnetic field B with velocity v as shown in figure. 
emf, induced across the length of the conductor i is 


TCA) Szerorto sd oth ir 
(B) Blu: 


© Blv/2 a, , 


Ke RM, Oe 


: Fe 


An aeroplane i in awhich the distatice ae, the tip 
‘the wings is/50 m is flying horizontally;with a spee 

~ 360°km h7! over a place, where:the vertical'componen 
earth’s magnetic field is ‘26% 10-4 Pi Fhe poten 
* differerice between the tips ‘of the wings {Would be 


(A) 0-1V (BY ‘1-0-V 

(C) Q-2 Vir I (Dy 0:01 V (CRM ig 
A’car thoves on 4 plane road. The inducede-m-f. in the ; 
connecting the two wheels is maximum, when it mov 
(A) eastwards’at the equator. “°" (oe 


(B) westwards at the equator.’ we 
(C) eastwards in the latitude 150 od" 
~'(D) at the poles.”* 1G9o2 fisoh 


The two rails of a railway track insulated from each o| 


* and the ground aré connected tétiillivolthteter. What is 


_Teading of the millivoltmeté#“when a train passes’ 
“speed of 180 km h~ along the track , given that the vert 


19. 


20. 


21. 


22. 


23. 


26. 


273 


(@)'40 V 


ponent of earth’s magn 
and rails are separated by 1 m? 
(A) 107V (B) 10mV 
(G)oibV (D) 1mV (LLT. 1981) 
Two rails of a railway track 1 m apart and insulated from 
each other and the ground are connected to a 
millivoltmeter. What is the reading on the millivoltmeter, 
when a train travels at a speed of 20m s~ along the track. 
Given that the horizontal component of earth’s magnetic 
field is 0-2 x 107 T. 
(A) 4mV 
(C) zero 
Eddy currents are 
(A) induced currents due to a changing magnetic flux. 
(B) induced currents due to a high magnetic flux. 
(C) induced currents in a inhomogeneous material. 
(D) unstable currents in a conductor. 

(Karnataka Entrance, 1991) 
When a sheet of metal is placed in magnetic field, which 
changes from zero to a maximum value, induced currents 
are set up in the direction shown in the diagram. What is 
the direction of the magnetic field ? 


(B) 0-4 mV 
(D) 10 mV 


(A). Into the plane of paper. 

(B) Out of the plane of the paper. 

(C) East to west. (D) North to south. 

An induction furnace works on the principle of 

(A), self induction (B) mutual induction 

(C) eddy currents (D) Faraday’s laws(C.E.T. 1999) 
The SI unit of inductance, the henry, can be written as 
(A) weber ampere™! (B) volt second ampere”! 

(C) joule ampere™ (D) ohm second. (LIT. 1998) 


. When the current in a coil changes from 2 Ato4Ain0-05s, 


an eun.f. of 8 V is induced in the coil. The coefficient of self- 
induction of the coil is 
(A) 0-1H 
(Cc) 04H 

1A 


(B) 02H 

(D) 08H 
(M.N.R. 1993, 1980 ; C.P.M.T. 1991) 
The current in a self-inductance L = 40 mH is to be 
increased uniformly from 1 A to 11 Ain4 millisecond. The 
e.m/f. induced in the inductor during the process is 
(AY 100 V>* (B) 0-4V 
(D) 440 V (C.B.S.E. 1990) 
When the current through a solenoid increases at a constant 


_ tate; the induced current 


(A),,is constant and is in the direction of inducing current. 

(B) is constant and is opposite to the direction of the 
inducing current. 

(C),,.increases with time.and is in the direction of the 

»y _inducing current. 

(D) increases with time and opposite to the direction of the 
inducing current. (M.N.R. 1992) 

When the number of turns and length of a solenoid are 

doubled keeping the area of cross-section same, the 


inductance; ). 
(A) is halved, (B) remains the same 
(C) , is doubled (D) becomes four times. 


(A.F.M.C. 1995) 


} s1S DEI 
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so has 2,000 turns wound over a length of 0-3 m. 
The area of its cross-section is 1-2 x 10° m?. Around its 
central part, a coil of 300 turns is wound. If an initial current 
of 2 A is reversed in 0-25 s, the induced e.m.f. produced in 
the coil is 

(A) 6x107V (B) 48x 107V 

(CQ) 6x 107V (D) 48 V. 

The mutual inductance between two coils depends on 
(A) medium between the coils only. 

(B) separation between two coils only. 

(C) both (A) and (B). 

(D) none of (A) and (B). (C.P.M.T. 1993) 
Two coils have a mutual inductance 0-005 H. The current 
changes in the first coil according to equation I = I, sin wt, 
where I, = 10 A and @ = 100 x rads. The maximum value 
of e.m.f. in the second coil is 

(A) 22 (B) 52 


(C) 62 (D) 122 (C.B.S.E. 1998) 


PART IL. THOUGHT-BASED QUES TIONS 


O15 


32. 


33. 


34. 


35. 


A copper ring is held horizontally and bar magnet is 

dropped through the ring with its length along the axis of 

the ring. The acceleration of the falling magnet is 

(A) equal to that due to gravity. 

(B) less than that due to gravity. 

(C) more than that due to gravity. 

(D) depends on the diameter of the ring and the length of 
the magnet. (C.B.S.E. 1996 ; M.N.R. 1987) 

A circular loop of radius R, carrying current I, lies in XY- 

plane with its centre at origin. The total magnetic flux 

through XY-plane is 

(A) directly proportional to I 

(B) directly proportional to R 

(C) inversely proportional to R 

(D) zero. LT: 1999) 

In electromagnetic induction, the induced charge is 

independent of : 

(A) time. (B) change of flux. 

(C)_ resistance of the coil. (D) none of the above. 

The switch (S) is closed and opened in the circuit 

periodically. Then, galvanometer (G) shows 


© tenbe 


(A) no deflection. 

(B) a steady deflection to the left. 

(C) asteady deflection to the right. 

(D) periodic deflections. (Karnataka Entrance, 1990) 
As shown in the figure, P and Q are two coaxial conducting 
loops separated by some distance. When the switch S is 


eee ae \\ 


closed, a clockwise current Ip flows in P (as seen by E) and 
an induced currentIg, flows in Q. The switch remains 


36. 


37. 


38. 


Cee 


closed for a long time. When S is op d, a curre 


Ig, 
flows in Q. Then the direction of Ig , and Io, (as seen by 
E) are 

(A) both clockwise (B) both anticlockwise 

(C) respectively clockwise and anticlockwise 

(D) respectively anticlockwise and clockwise. (I.1.T. 2002) 
A metallic square loop ABCD is moving in its own plane 
with velocity v in a uniform magnetic field perpendicular 
to its plane as shown in the figure. Electric field is 


induced : 
x x 


x 
x 
x 
x 

os 
x 


(A) in AD, but not in BC 

(B) in BC, but not in AD 

(C) neither in AD nor in BC 

(D) in both AD and BC. (LIT. 2001) 
An electron moves along the line AB, which lies in the 
same plane as a circular loop of conducting wires. What 
will be the direction of the current induced in the loop, if 
any ? 


ASS Lee 


(A) No current will be induced. 

(B) The current will be clockwise. 

(C) The current will be anticlockwise. 

(D) The current will change direction as the electron passes 
by. 

A gees NS is suspended from a spring and while it 

oscillates, the magnet moves in _ - - 

and out of the coil C. The coil is 

connected to a galvanometer G. 


. Then, as the magnet oscillates, 


(A) G shows deflection to the left 
and right with constant ampli- 
tude. 

(B) G shows deflection on one 
side. 

(C) Gshows no deflection. 


(D) G'shows deflection to the left 
and right, but the amplitudes > 1) 9 
steadily decreases. a, 


(Karnataka Entrance, 1989) 
A thin semicircular conducting | ring of radius Ri is falling 
with its plane vertical in a ~ 
hesronis magnetic induction 


B as shown in the figure. At the 
position MNQ, the speed of, the .. 
ring is v. Then, the potential 
difference developed across | the 
ring is oe 

(A) zero. rae 


(B) x Bu R2 and Mis at higher 


gee; spotential. 21553 sitonsecn 
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41. 


42. 


43. 


44. 


46. 


47. 


(CQ) tRBvandQ 


t higher pote ery eas 
(D) 2RBv and Qis at higher potential. (LLT. 1996) © 
A metal sheet is placed in front of the pole of a very strong 
magnet. A force is needed to 
(A) hold the sheet in its position, if the metal is magnetic. 
(B) hold the sheet in its position, if the metal is non- 

magnetic. 

(C) move the sheet away with a uniform velocity, if the 
metal is magnetic. 
move the sheet away with a uniform velocity, if the 
metal is non-magnetic. 
A metal rod moves at a constant velocity in a direction 
perpendicular to its length. A constant, uniform magnetic 
field exists in space in a direction perpendicular to the rod 
as well as its velocity. Select the correct statement (s) from 
the following : 
(A) The entire rod is at the same electric potential. 
(B) There is an electric field in the rod. 
(C) The electric potential is highest at the centre of the rod 
and decreases towards its ends. 
The electric potential is lowest at the centre of the rod 
and increases towards its ends. (LLT. 1998) 
In what way should the conductor AB be moved in a 
magnetic field, such that the current flows as shown in the 
figure ? 


(D) 


(D) 


> 


a 


(A) Normally into the plane of the paper. 

(B) Vertically downward. 

(C) Vertically upwards. (D) None of the above. 

A potential difference will be induced between the ends 
of the conductor shown in the figure, when the conductor 
moves along 


M 
P 
(A) P (B) Q 
(C) L (D) M (A-LLM.S. 1982) 


Dimensions of coefficient of self induction is 
(A) [ML?T? A~] (B) [ML*T? A]. 
(C) [ML*T%] (D) none of the above. 

(B.H.U. 1997) 
The self-inductance of a straight conductor is .”. 
(A) zero. (B) infinity. 
(C) very large. (D) very small. 
In an inductor of self inductance L = 2 mH, current changes 
with time according to relation I = ft? e+ -dawhat time, 
e.m.f. is zero ? 
(A) 4s (Byes 
(C) 2s (D) 24'S (C.B.S.E. 2001) 
If N is the number of turns in a coil, the value of self- 
inductance varies as 
(A) N° 


(C) N2 


(B) N= 


(D) N~ (C-B.S.E. 1993) 


_ A short-circuite placed in a time varying magnetic 
field. Electrical power is dissipated due to the current 
induced in the coil. If the number of turns were to be 
quadrupled and the wire radius halved, the electrical 
power dissipated would be 

(A) halved (B) the same 

(C) doubled (D) quadrupled = (IT. 2002) 
A small square loop of wire of side is placed inside a large 
square loop of wire of side L (L >> J). The loops are co- 
planar and their centres coincide. The mutual inductance 
of the system is proportional to 

(A) 1/L (B) ?/L 

(Cc) L/I (D) L*/I (LLT. 1998) 
Two pure inductors each of self-inductance L are connected 
in parallel but are well separated from each other. Then, 
the total inductance is 


(A) L (B) 2L 
(C) 2 (D) B 
2 4 


A coil is wound on a former of rectangular cross- section. 
If all the linear dimensions of the former are increased by 


Bas 


53. 


a factor of 2 and the number of turns per unit length of the 
coil remain unchanged, the self-inductance of the coil 
increases by a factor of 

(A) 2 (B) 4 

(C) 8 (D) 16 (A.LLM.S. 1980) 
A constant current is passed through a solenoid. If an iron 
rod is inserted along the axis of the solenoid, which of the 
following quantities will increase ? 

(A) Rate of production of heat due to Joule heating. 

(B) Magnetic field at the centre of the solenoid. 

(C) Magnetic flux linked with the solenoid. 

(D) Self inductance of the solenoid. 

Two identical circular loops of metal wire are lying on a 
table without touching each other. Loop-A carries acurrent, 
which increases with time. In response, loop-B 

(A) remains stationary. 

(B) is attracted by the loop-A. 

(C) is repelled by the loop-A. 

(D) rotates about its C.M., with C.M. fixed. 

(LI.T.-1999) 


Chapter 2. Transient current 


RT I, TEXT-BASED QUESTIONS 


In an LR-circuit, the current rises to final value slowly, 
when 

(A) Lis small. (B) Lis large. 

(C) Lis zero. (D) none of the above. 

An inductance of 2H and a resistance of 10 Q are connected 
to a battery of 5 V. The time constant of the circuit is 


(A) 20s (B) 0-2s 

(C) 2s (D) 100s 

In Q. No. 2, the final steady current is 

(A) 05A (B) 25A 

(C) 2A (D) 0-25A 

In Q. No. 2, the initial rate of increase of current is 
(A) 05As1} (B) 25As1 

(C) ‘ZAts* (D) 0-25As1 


In Q. No. 2, the rate of increase of current in the circuit at 
the instant current is 0-3 A, is 

(A) 0-2As! (B) 0-015As! 

(Cc) 1As} (D) 0-05 As! 

A coil of inductance 8 mH and resistance 6 Q is connected 
to a 12 V battery. The current in the coil is 1-0 A at the time 


(approximately) 
(A) 500s (B) 20s 
(C) 35 ms (D) 1 ms (ILT. 7999) 


In an LR-circuit, the current grows with time as shown in 
figure : 


(C) (D) 


8. 


10. 


gi 


12. 


In an LR-circuit, the variation of voltage across the 
inductance with time during growth is : 


—P 


st —> oa —t—. 

~(C) rere (D) 
Which of the Aollowing has dimensions same as that of 
time ? 


” R 
(A) LC (B) 7 

Ly Cc 
© 7/4 (D) 7 


(C.E.T, 1999.; C.B.S.E. 1996) 
A 10 uF capacitor charged to 100 V is discharged through 
10 Q resistor. The time taken for half the charge to leak 
is : 

(A) 693s (B) 693s 

(C) 0-693 s, | (D) 13-86.s 

Given that log, 2=0-693 . 
The time constant of CR-circuit is. 


(A) 1/CR , (B) C/R tl dl Bs 2 

(CO CR *(D) R/C. d Mobi 1992) 
The dimensions of CR is that of ; F he 
(A) times» _ B)” inverse. time., 


(C) square of time. “"D) square of i inverse time. 

: Ny (C.B.S.E, 1995) 
An inductor may store energy in 
(A) its electric field. , (B) _its coils, 
(C) its magnetic field. | 


(D) both in electric and magnetic fields. ‘”(C-B.SiE. 1990) 


15. 


16. 


17. 


See 


In Q. No. 2, when the steady state is reached, the energy 
stored in the inductance in the form of magnetic field is 
(A) 0-25 J (B) 6-25) 

(C) 2J (D) 0:0625 J 

A 100 mH coil carries a current of 1 A . Energy stored in the 
form of magnetic field is 

(A) 0-5J (B) 1J 

(C) 0-05 J (D) 0:1J (C.B.S.E. 1992) 
If a capacitor of capacitance C is connected in series with 
an inductor of inductance L, then the angular frequency is 


(A) LC (B) LC 
(©) JL7e (D) 1/JLC (A.EM.C. 1997) 
An LC-circuit cannot produce oscillations, when 


(A) capacitance is large. (B) inductance is large. 
(C) resistance is large. (D) none of the above. 


PART Il. THOUGHT-BASED QUESTIONS 


18. 


19. 


20. 


21. 


22. 


An inductor and a resistance are connected to a battery. 
Which of the following quantities is not zero just after the 
connection ? 

(A) current in the circuit. 

(B) e.m.f. produced in the inductor. 

(C) energy stored in the inductor. 

(D) power delivered by the battery. 

In the circuit shown, what is the final value of current in 
10 Q resistance on inserting the plug in the key K ? 


1H 
10 Q 
20 Q 
| K 
3V 


(A) 03A (B) 0-15 A 

(C) 0-1A (D) zero! 

In the circuit shown in last question, what is the final value 
of current in 20 Q resistance, on inserting the plug in the 


key K? 
(A) 03A (B) 0O-15A 
(C) O-1A (D) zero. 


Figure shows two bulbs B, and B,, resistor R and an 
inductor L. When the switch S is turned off, 


(A) both B, and B, die out promptly. ”” 
(B) both B, and B, die out with some delay. 
(C) B, dies out promptly, but B, with'some delay. 
(D) B, dies out promptly, but B, with some delay. 

34 "0+ (C.P.MT. 1989) 
In the circuit shown, the bulb will become suddenly bright, 
if t B 


23. 


24. 


25. 


26. 


ZT 


(C) contact is broken. 
(GBSIEM 
When the key K is pressed at time t = 0, then which o 
following statement about the current I in the resisto 
of the given circuit is true ? 


(B) contact is made. 
(D) will not become bright at all. 


a A 1000 Q B 


1000 Q 


(A) I[=1mAatall t. 

(B) [=2 mA atall t. 

(C) Loscillates between 1 mA and 2 mA. 

(D) at t=0,1=2 mA and with time, it goes to 1mA. 
(A.EM.C. 1996 ; C.B.S.E. 1 

A coil of wire having finite inductance and resistance 

a conducting ring placed co-axially within it. The cc 

connected to a battery at time t = 0, so that a ti 

dependent current I(t) starts flowing through the co 

I,(t) is the current induced in the ring and B(t) is 

magnetic field at the axis of the coil due to L,(#), then 

function of time (¢ > 0), the product I,(t) B(t) 

(A) increases with time. 

(B) decreases with time. 

(C) does not vary with time. 

(D) passes through a maximum. a4 (LLT. 2 

L, C and R represent the physical quantities inductz 

capacitance and resistance respectively. The combina 

which have the dimensions of frequency are 


RC C 1H ok 
(Gy eee (Dh doubpbedy Tal 
LC paar sd i 
In a circuit given in the figure, 1 and 2,are ammeters. Ii 
K is pressed to complete the circuit, the readin 
ammeters is ot 
(A) zero in both 1 and 2. Tn 
(B) maximum in both 1 and 2. oa 
‘(C) zero in 1,‘maximum in:2> ; sits 
(D) maximum in: 1, zero itv2?* Ort +2.(C.B.S.E. 1 
In an oscillating circuit, the-téstoring force is must. I 


LC-circuit, the restoring force is provided by 
(A) a capacitor (B) an induétance 


(C) a resistarice (D) “none ofthe above. 
da 591 
we ral 


Chapter 


PART I. TEXT-BASED QUESTIONS 


1. 


Anormal domestic electric supply is an alternating current, 
whose average value is 

(A) zero. 

(B) half the peak value. 


(C) the peak value multiplied by =f 


a 
.(D) the peak value divided by os 


(Karnataka Entrance, 1992) 
The mean value of a.c. is related to peak value of a.c. by the 
equation 


(Ay Rey? (By sV71; 


Dal, 21 
(C) bin 3 (D) 1 & 


. The rm.s. value of a.c. is related to peak value of a.c. by the 
+. equation 


HAY ‘Ty ms, = V2 Ip 


(B) Ip ad J2 Le 


C407 Tyas = pyre 
vert a a 
_The equation of an a.c . voltage is 
ee V = 200 sin 50 zt. 
Then, the r.m.s. value of voltage is 
(A) 10072 V (B) 200/2 V 
(C) 100 V (D) 400 V 


(Pre-degree Kerala, 1989) 


., An electric lamp is connected to 220 V-50 Hz supply. The 


.; peak yoltage in the circuit is 


10. 


11. 


$A 0.V 
(C) 311 V 


(B) 220V 
) 3h (D) 320 V (A.FM.C. 1996) 
An electric bulb rated 220 V is connected to 220 V-5 Hz 
source. Then, the bulb 
(A) does not glow. (B) glows intermittently. 
(C) glows continuously. (D) fuses. 
An inductor 
(A) allows a.c. to pass, but blocks d.c. 
(B)s ‘alkows d.c. to pass, but blocks a.c. 
(C) allows both a.c. and d.c. to pass. 
(D) blocks d.c. 
In an a.c. circuit containing inductance, 
(A) ;-current lags the voltage by'90°. 
(B) | current lags the voltage by 180°. 
(C) | current leads the voltage by 90°. 


(D) peat of the above. (Karnataka Entrance, 1984) 
- 1 
Thejinductive reactance of an inductance of re H at 50 Hz 
is | 
aes 50 
(A) 1002 guage 
© =2 (D) 5072 
50 S beer v 


An alternating e,m.f. is applied to a pure inductance, such 
that inductive reactance is 10 Q. If the frequency of a.c. is 
doubjed, the reactance will become 

(A) sh 2 i 9910 (B) 10 Q 

(C)...45,.Q a(t (D) 20 Q 

When,a.c. flows through a capacitor, then the current 


a 4 
(A) leads e.m.f. by 2: (B) lags e.m.f by 


(C) is in phase with e.m.f. 
(D) none of the above. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


Alternating current 
12. 


A capacitor 
(A) offers easy path to a.c., but blocks d.c. 
(B) offers easy path to d.c., but blocks a.c. 
(C) offers easy path to both a.c. and d.c. 
(D) blocks a.c. 
The reactance of a capacitor of capacitance C is X. If both 
the frequency and capacitance be doubled, then new 
reactance will be 
(A) X (B) 2X 
(C) 4X (D) X/4 (C.B.S.E. 2001) 
An alternating e.m.f. is applied to a pure capacitance, such 
that the capacitive reactance is 10 Q. If the frequency of a.c. 
is doubled, the reactance will become 
(A) 5Q (B) 102 
(C) 15 Q (D) 202 
An a.c. voltage source E = 200 V2 sin 100 t is connected 
across a circuit containing an a.c. ammeter and a capacitor 
of capacitance 1 “FE. The reading of ammeter is 
(A) 10mA (B) 20mA 
(C) 40mA (D) 80 mA 

(C.P.M.T. 1991 ; N.C.E.R.T. 1984) 
In an a.c. circuit, the current 
(A) is always in phase with the e.m-f. 
(B) always leads the e.m-f. 
(C) always lags the e.m-f. 
(D) any of the above, depending upon the elements (L, C 

or R ) of the circuit. 

A 220 V-50 Hz a.c. source is connected to an inductance of 
0-2 henry and a resistance of 20 ohm in series. What is the 
current in the circuit ? 
(A) 10A 
(C) 333A 


(B) 5A 
(D) 3-33 A 

(Karnataka Entrance, 1991) 
In an LCR-series a.c: circuit, the current 
(A) is always in phase with the voltage. 
(B) always lags the generator voltage. 
(C) always leads the generator voltage. 
(D) may lag behind or lead the voltage. 

(C.E.T. 1998 ; C.P.M.T. 1992) 

The impedance of an a.c. (LCR) circuit is given by 


(A). JR2—(Xc +Xz)2_ (BD. YR? + Xe - Xi)" 
(C) i gale Compe ep™ (D) /R? +(XC +X," 


(Karnataka Entrance, 1984) 
For the current in LCR-circuit to be maximum, 


1 

(A) w=LC (B) Oa 
i! 

(ear & (D) w=LC 


A1mH inductance and 10uF capacitance, when connected 
in series to an a.c. source, possess equal reactance. The 
angular frequency of the a.c. source is 


(A) 104 (B) 100 

(C) 10 (D) 200 x 

In Q. 21, the value of the reactance of either of them is 
(A) 0-1 Q (B) 0-01 2 

(C) 02272 (D) 10 Q 


An a.c. circuit using an inductor and a capacitor in series 
has a maximum current. If L= 0-5H and C= 8 wE then the 
angular frequency of a.c. voltage will be 

(A) 500 (B) 5x 10° 


(C) 4000 (D) 5000 (C.P.M.T. 1991) 


25. 


26. 


2% 


28. 


Pas): 


30. 


31. 


32. 


33. 


. Inan LCR-c 


4 C. For the same 2 resonant frequency, the inductance 
should be changed from L to 

(A) (2L ‘(B) L/2 

(C) 4L (D) L/4 

An LCR-circuit is connected to a source of a.c. current under 
resonant condition. Tke phase difference between the 
applied voltage and the current in the circuit is 


(A) 2/4 (B) 2/2 

(C) 2 (D) zero (C.E.T. 1999) 
For the current in LCR-circuit to be maximum, 

(A) X, =0 (B) Xc=0 

(C) X,=Xe (D) R=X,+X¢ 


The average power of an a.c. circuit is 

(A) E, I, (B) E,1, cos ¢@ 

(C) E,L,sing (D) zero. 

In an a.c. circuit, with phase voltage V and current I, the 

power dissipated is 

1 1 

C9 iro (Bie ye 

(C) ’ ie aa 

(D) depends on the gris he petites V and I 
(€.B:S.E) 1997) 

The average power dissipation in a pure inductance is 


at 
(A) zero . (B) 5LE 


Cea eg. ae anne - 
eT ty 72 
@. |e () j5LI 
In an a.c. circuit, E and I are given by 
E = 100 sin100 t¢ (in volt) 
and I= 100 sin (100 t+ 27/3) — (in mA) 
The power dissipated in: the cireuitiis ||| val 
(A) 10*W (B) 10 W 
(C). 2500 W (D) 5-0 W (C.P.M.T. 1991) 
AcurrentI =I, sin (ot'+ 7/2) flows in a ¢ircuit across which 
an distaste potential E= =e. sin ot is eae The power 
consumed in the circuit is “hate ate ALT 
(A) Ep Jo/2 ; By; ig TOS ii nd Be Oa 
(C) E (D) zero © pre ieeid' 
(C.E.T. 1998 s:similar.C:B. s, E. 1995) 
The minimum/and maximum ili of nua factor in an 


auc. Circuitiare aperiryty § to mopantcr to beade alht 
(A) Oand1 (B) ane 00; tre dhs 
(C) 0 and io2) Perey ea «2@D) 0-1 and, 1. Piet Oye 


Ana.c. supply may be used directly for all. these except for 
one. Identify the one, for which it cannot be used : 

(A) Heating . (B) Lighting, ,, 

(C) Transforming voltage 


(D) Electroplating. , ,, (Karnataka Entrance, 1992, 1989) 
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ho 


35. 


36. 


The’ Lm. Ss. “patie of the ‘current i is given sy? 


7 nus “C+l\h 92 ic 


An alternating’ current is given by, bac aestsi si 
[=1, sin wt ¥' Lycos. ut. A OR! 


ow k 


[eth ehie j 13g : ee be 


¥G Beene 


Co PERF hy PETITE 


In a.c. circuits, the a,c. mreters measure,, - wi h 
(A) x.m.s. values. 9, oc cfB) peak values, mi 
(C) mean values. (D) mean square : yalues.. 
Hot wire ammeters are. used for measuring, 


\) 


(A). both a.c; and_d.c. raul only a.c..., 


(C) only dic. D) neither a.c. nor d.c. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45.. } 


46. 


In an electrical circuit carrying an alternating ) 


~ (B) that of V>.. 


!.(C) ‘resistance. ' : 


moving coil galvanometer cannot be used, because 

(A) the net magnetic field is too high. 

(B) the net magnetic field is zero. 

(C)_ there is too much energy loss. 

(D) the voltage is too high. (Karnataka Entrance, 1987 

Ohm’s law (E = I R) 

(A) can never be applied to a.c. 

(B) can be applied to a.c. in the same manner as to d.c. 

(C) can be applied to a.c., but after replacing R by | 
(impedance). 

(D) none of the above. 

When 100 V d.c. is applied across a solenoid, a current ¢ 

1-0 A flows in it. When 100 V a.c. is applied across the sam 

coil, the current drops to 0-5 A . If the frequency of a. 

source is 50 Hz, the impedance and inductance of solenoi 

are 

(A) 200 Q and 0-55 H 

(C) 200 Qand 10H 


(B) 100 Q and 0-86 H 
(D) 100 Q and 0-93 H. 

(CPM 199 
The reactance of an a.c. circuit is zero. Then, the circu: 
contains 
(A) an inductor, but no capacitor. 
(B) acapacitor, but no inductor. 
(C) both an inductor and a capacitor. 
(D) neither an inductor nor a capacitor. 
In a series resonant circuit, the a.c. voltage across resistanc 
R, inductance L and capacitance C are 5 V, 10 V and 10° 
respectively. The a.c. voltage applied to the circuit will be 
(A), 20.V (B) 10V 
(C) 5V (D) 25°V 

(Karnataka Entrance, 199- 

A wire of resistance R is connected in series with a 
inductor of reactance wL. Then quality factor of LR-circu 
is 


(A) R/oL (B) wL/R 
R oL 
(QO) aS ee (D) Pe  CEBS.E. 200( 
WR? w* 17 Romy 


A resistance R , an inductance L , a capacitance C an 
voltmeters V,, V, and V, are connected to an alternatin 


source of e.m.f: as shown. When the frequency of th 


source is increased, then at resonant frequency, the readin 
“of voltmeter V,, is equal to 


(A) that of V;. 


(C)_ both of V, and V>. 


(D) neither of V, nor of V,. 


An inductor is connected to an a.c. source of e.m.f. If th 
energy stored inside the inductor in the form of magneti 
field changes from maximum to minimap y value in 5 m: 
then the frequency of the source is — 

(A) 20 Hz (B), 50 Hz 54 
(C). 200 Hz (D) 500Hz 4,1 

In a.c. circuit, the power is consumed only in 

(A) inductance.: » (B) coe gh 

(D) all the giver! above. 

The current flowing in a coil is 3 A and the powe 
consumed is 108 W. If the a.c. source is of {20 V-50 Hz, th 


ap 
L 
(4 EM.C. 1996 


, ud 


“resistance in the circuit is 


(A) 24Q 
(C) 12Q 


(B) 36 Q 
(D) 62 


For a series LCR-circuit, the power loss at resonance is - 


Vv? ay" 
woL-1/oC (B) aC 
wo 
(C) PoC (D) PR 
The power in a.c. circuit is given by 
P=E,1,cos¢ 


(A) 


(C.B.S.E. 2002) 


49. 


The value of 


cos ¢ in series LCR-circuit at 


resonance is 
(A) zero 4B). 4 

(yy /2 @(D) 1/V2- 
Wattless current is possible, only in 


(A) | resistive circuit. - (B) non-resistive circuit. 
(C) LR-circuit: ‘¢ (D) LCR-circuit. 


(C.P.M.T. 1993) 


Chapter 4. Electrical machines and devices 
RT I. TEXT-BASED QUESTIONS 


A transformer is used to change 
(A) mechanical energy into electrical energy. 
(B) electrical energy into mechanical energy. 
(C) high voltage d.c. into low voltage d.c. 
(D) high voltage a.c. into low voltage a.c. 
(Karnataka Entrance, 1991) 
A transformer steps up or steps down 
(A) a.c. only (B) d.c. only 
(C) eithera.c.ord.c. (D) a.c. mixed with d.c. 
(Karnataka Entrance, 1988) 
The primary winding of a transformer has 500 turns, 
whereas its secondary has 5000 turns. The primary is 
connected to an a.c. supply 20 V-50 Hz. The secondary will 
have an output of 
(A) 200 V-50 Hz 
(C) 2 V-50 Hz 


(B) 200 V-500 Hz 
(D) 2 V-5 Hz 
(C.B.S.E. 1997 ; A.EM.C. 1995) 
A transformer has 200 windings in the primary and 400 
windings in the secondary. The primary is connected to an 
a.c. supply of 110 V and a current of 10 A flows in it. The 
voltage across the secondary and the current in it 
respectively are 
(A) 55 V,20A (B) 440V,5A 
(C) 220V,10A (D) 220V,5A 
A step-up transformer operates on a 230 V line and supplies 
a current of 2 A. The ratio of primary and secondary 
windings is 1: 25. The primary current is 
(A) 125A (B) 50A 
(C) 88 A (D) 25A 
(C:B.S.E. 1998:; A.LLM.S. 1989) 
A step; deren transformer is used.to reduce 220 V supply 
to 11 V,,The primary draws 5 A of current, while the 
secondary 90 A. The efficiency of the transformer is 
(A) 20% (B) 40% 
(C)\ "70% (D) 90% 
The core used in transformers and other omen a 
devices'is laminated, so as 
(A) to-increase the magnetic field. 
(B) to increase the magnetic flux. 
(C) to reduce the magnetism in the core. 
(D) to reduce eddy current losses in the core. 
(N.C.E.R.T. 1984) 
Power i is transmitted from a power station at a very high 
a.c. voltage, because 
(A) the a of transmission is faster at high voltage. 
(B) it is more economical due to 'léss power loss. 
(C) power can not be generated at low voltage. 
(D) theft of power'is’not possible at high voltage. 
In an induction coil; the coefficient’of. mutual inductance 
is 4 H. If the current.of 5 A in the primary coil is cut off in 
1/1500 s,the e.m.f. at the terminals of the ioe andy coil will 


be 16 tio 
(A) 15k (B) 60 kV 
(C) 10 kV (D) 30kV., (N.C.E.R.T. 1984) 


In an induction coil, the secondary e.m.f. is : 
(A) ZeTO during break of the circuit. 


11. 


i 


13. 


15. 


16. 


iA; 


~°(B) induced current. 


© (@): ‘acey motor 2s he ¥ 


(B) very high during make of the circuit. 
(C) zero during make of the circuit. 
(D) very high during the break of the circuit. 

(Karnataka Entrance, 1994) 
A rectangular coil ABCD is rotated anticlockwise with a 
uniform angular velocity about the axis shown in the 
figure. The axis of rotation of the coil as well as the 
magnetic field B are horizontal. The induced e.m.f. in the 
coil would be maximum, when the plane of the coil 


(A) is vertical. 

(B) makes an angle of 45° with the magnetic field. 

(C) is parallel to the magnetic field. 

(D) makes an eee nt sald with the magnetic field. 
(C.P.M.T..1988) 


A a works on, ie Seen uate of : 


(A) electromagnetic induction. 
(C) induced magnetism. 
(D) Faraday’ s effect. YY ee eS ERIMEIC L999) 
Split ring commutators are used in which of the 
following ? 
(A) ‘a.c. dynamo B) d.c. dynamo 
*.(Dy-In all the above. 
If the speed of rotation of a dynamo is doubled, then the 
induced e.m.f. will =” 
(A) become half.: ‘(B) become double. 
(CG): were four ey’ 4D) remain unchanged. 

hace od : (A:L.1.M.S. 1999) 
A dynamo ‘develops 0-5 ampere at 6 volt. The power 
produced is 
(A) 3 wait’ 
(C) 0-083 watt | 


(B) 12 watt 
_(D) none of these. 

(Karnataka Entrance, 1992, 1990) 
In a region of atone magnetic induction B=107T,a 
circular coil of radius 30 cm, and esistancez* ohm is rotated 
about an axis, which i is perpen icular to the direction of B 
and which forms a diaméter of coil. If the coil rotates at 200 
r.p.m., the eprainde of alternating cu. xent induced in the 
coilis — 


(A) 4a? mareesom BY BO HHA TION) > ® 
(Or Gm 4D) 200 mA,” “CBSE 1990) 
A’‘triotor 22°? Fe ‘a sulbyv 


(A) conte electrical erétey inte ee cie energy. | ¥ 
(B) converts mechanicaf energy int6 eléctrical energy. 


eee 4's O48 F 
ee ‘ ts 


18. 


19. 


20. 


21. 


Pada 


(C) converts electrical energy into magnetic energy. 
(D) produces mechanical energy. 

(Karnataka Entrance, 1990) 
The device that does not work on the principle of mutual 
induction is : 
(A) induction coil. 
(C). tesla coil. 


(B) motor. 
(D) transformer. 
(Karnataka Entrance, 1994) 
As motion of an armature increases, back e.m.f. 
(A) increases. (B) decreases. 
(C) remains the same. 
(D) may increase or decrease, depending on the nature of 
the armature. 
Radio frequency choke is air-cored to 
(A) keep frequency low. 
(B) keep frequency high. 
(C) keep inductive reactance low. 
(D) keep inductive reactance high. 
A coil and an electric bulb are connected in series with an 
a.c. source. On introducing a soft iron bar inside the coil, 
the intensity of the bulb will 
(A) increase. (B) decrease. 
(C) fluctuate. (D) remain the same. 
A motor starter is a: 
(A) fixed resistance. (B) a variable resistance. 
(C) variable inductance. (D) variable capacitor. 


PART Il. THOUGHT-BASED QUESTIONS 


23. 


The number of turns in the primary and the secondary coils 
of a transformer are 1000 and 3000 respectively. If 80 V a.c. 
is applied to the primary coil of a transformer, then the 
potential difference per turn of the secondary coil will be 


24. 


25. 


26. 


27. 


28. 


(C) 0:24V (D) 0-08 V. (C.PM.T. 1990) — 
The magnitude of the e.m.f. across the secondary of a 
transformer does not depend upon | 
(A) the magnitude of the e.m.f. applied across the primary. — 
(B) the number of turns in the primary. : 
(C) the number of turns in the secondary. 

(D) the resistance of the primary and the secondary. 

Soft iron is used in many parts of electrical machines for 
(A) low hysteresis loss and low permeability. 

(B) low hysteresis loss and high permeability. 

(C) high hysteresis loss and low permeability. 

(D) high hysteresis loss and high permeability. 

The essential difference between an a.c. dynamo and d.c. 
dynamo is that 

(A) a.c. dynamo has an electromagnet, but d.c. dynamo has 


a permanent magnet. * 
(B) a.c. dynamo has slip rings, but d.c. dynamo has 
commutators. 


(C) a.c. dynamo has coil would on soft iron, but the coil in 
d.c. dynamo is wound on copper. 

(D) a.c. dynamo generates much high voltage. 

A dynamo is sometimes said to generate electricity. It 

actually acts as a source of — 

(A) charge. (B) magnetism. 

(C) e.m-f. (D) energy. 

As the speed of an electric fan increases, current 

(A) increases. (B) decreases. 

(C) remains the same. 

(D) becomes maximum, when speed is maximum. 
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2ems we ‘have strong reason to conclude that light itself (including radiant heat, and 
;, if any) is an electromagnetic disturbance | in the form of waves propaga- 
rough field according to electromagnetic laws. §  —James Clerk Maxwell 
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CHAPTER 


4.01. DISPLACEMENT CURRENT AND ORIGIN OF 
ELECTROMAGNETICWAVES 

The origin of electromagnetic waves is connected to the concept of displacement 
ent. 

When a capacitor is allowed to charge in an electric circuit [Fig. 1.01], the current 
s through the connecting wires. As the capacitor charges, charge accumulates 
1e two plates of the capacitor and asa result, a changing electric field is produced 
ss the gap between its two plates. If a small compass needle is placed in the gap 
veen the two plates of the capacitor, it shows deflection indicating the existence 
agnetic field. The conduction current* that flows through the connecting wires 
rot pass across the gap between the two plates of the capacitor. However, 
‘well assumed the flow of current across the gap between the plates of the 
.citor also, so as to explain the existence of magnetic field between the plates. 
1amed it as displacement current and attributed its origin to the varying electric 
1 between the plates of the capacitor. Thus, according to Maxwell, the varying 
tric field across the plates of the capacitor gives rise to magnetic field. 

Maxwell’s concept of displacement current makes a continuous flow of current 
uch an electric circuit. Thus, through the connecting wires, there is flow of 
duction current I; (no displacement current) and through the gap across the 
es of the capacitor, there is flow of displacement current Ip (no conduction 


3 3F 
rent). In the light of this, Ampere’s circuit law B . dl = [Mo | was modified to 


3 5 
fB ral Sede FE (L.01) 


It is called modified Ampere’s circuital law or Ampere-Maxwell’s circuital law. 
The displacement current arising due to varying electric field is given by 


d 
lp =£o a (1.02) 


Ina circuit; the conduction current and the displacement currents are always 
al. Therefore; modified Ampere-circuital law may be expressed as 


—. => ‘ di 
B idl = Lo t ££ “en | (1.03) 


The following inferences can be drawn from the above discussion : 

1. The conduiction and displacement currents are individually discontinuous, but the 
o currents together possess the property of continuity through any closed electric circuit. 

2. The displacement current is precisely equal to the conduction current, when the two 
present in different parts of the circuit. 

3. The dispiieement current arises due to rate of change of electric flux (or electric field) 
ween the two.plates of the capacitor. 

4. Just as thesconduction current is, the displacement current is also the source of 
gnetic field. 

The conduction current produces’ magnetic field due to charges in motion, 
yereas the’displacement current produces magnetic field due to the time rate of 
ange of elect: ‘ic “field. Thus; in the space between the plates of the capacitor, both 
fd magnetic fields exist. The time varying electric field between the 
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* The currenttue to flow-of charge is called conduction current. 
: 611 
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The origin of displacement current is due 
to varying electric field between the two 
plates of a charged capacitor. 
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Fig. 1.01 


When a capacitor is connected across a 
battery, through the connecting wires, 
‘there is flow of conduction current, while 
through the gap between the plates of 
capacitor, there is flow of displacement 
current. 

set 


The conduction and displacement currents 
‘are éntirely different from each other. 
However, displacement current produces 
“magnetic field in the same manner, as the 
‘conduction current does. 
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plates of the capacitor is directed perpendicular to the plane of the plates and the’ 
time varying magnetic field produced by'the electric field is along the perimeter 
of a circle ina plane parallel to the plates:of the capacitor [Fig. 1.02]. Thus, the time 
varying electric field (E) and magnetic field (B) are perpendicular to each other. 
The two mutually perpendicular time’ bed ti Blegric and wagacee fields may 
be represented by ; ever 
E=E, sino (t —x/c) ...(1.04) 
and B=B, sin  (t— x/c) : ...(1.05) 
respectively. The two fields combine to constitute electromagnetic wave, which 
propagates in space in a direction perpendicular to the directions of both the fields. 


Ma 1.02. MAXWELL'S EQUATIONS 

In fact, while attempting to express the laws of electricity and magnetism, 
namely Gauss’s law in electrostatics, Gauss’s law in magnetism, Faraday’s law 
of electromagnetic induction and Ampere’s circuital law in terms of electric and 
magnetic fields and their sources, Maxwell noticed an inconsistency in Ampere’s 
circuital law and an asymmetry in the laws of electromagnetism. The concept of 
displacement current removed the inconsistency in Ampere’s circuital law and the 
laws of electromagnetism also became symmetrical. The above said four basic laws 
of physics were stated by Maxwell in the form of four equations, called Maxwell's 
equations. These equations predict that the time and space dependent electric and 
magnetic fields propagate as transverse waves, called electromagnetic waves, which 
possess velocity equal to that of light. 

The four Maxwell’s equations are as given below : 


1. Gauss’s law in electrostatics. It states that the total electric flux through any 


1 
closed surface is always equal to — times the net charge enclosed by the surface. 
£9 pa a se 5 ; t : ’ oe te ay ‘4 y 


Mathematically, E.di= ES (1.06) 
itatea ies Rare bad ive 
-The equation a. 06) is called Maxwell's first equation. 


2.Gauss’s law in magnetism. It'states that the net magnetic flux crossing any Ioded 
surface is always zero. 


BYNES wate ans 
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A direct consequence of Gauss’s law in magnetism is that an isolated magnetic 
monopole does not exist. The equation (1.07) is called Maxwell’s second equation. 


3. Faraday’s law of electromagnetic induction, It states: that.the induced emf. . 


produced in a circuit is numerically equal to rate of change of 1 magnetic fluix, through it. 


d ai} f. See hces 21; S25 eR Poteet eka fp Ta '3% pr 
Mathematically, e-- te Phe etadie gts RE ips ns A e rite: 
The negative sign indicates that the induced e. m, ie $0 ; ‘produced 9 opposes the tikes | 


rate of change of magnetic flux. ot} 


Since e.m.f. can be defined as the line fitegral. of electric field, the above elation 
may be expressed as 


ea = t “ ver ‘ - 
fE. al= _ dbp OUT rs SAP Ce 7 BAS Ga IEA 


dt 
In this form, the law states that the line.integral of electric field.along.a.closed path, . 


is equal to rate of change of magnetic flux through the surface bounded.by that closed path. ., ..., , 


The equation (1.08) is called Maxwell’s third equation. 

4. Maxwell-Ampere’s circuital law. It states that the line inte ty lofi magnetic field 
along a closed path is equal to 1, times the totdl current (sam of. conduct on and dis isplacement 
currents) threading the surface bounded by that ‘closed path.’ OSA AW BS RSG AS 
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The equation (. 09) i is called Maxwell's s fourth equation... hy oe 
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scientists produced and studied these waves experimentally. The following is a brief 
account of the history of electromagnetic waves : 
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Maxwell gave the idea of electromagnetic waves, while Hertz;and_ other, :..,. sey ai 
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In 1865, Maxwell predicted the existence of electromagnetic waves on the basis 
hese equation. According to him, an accelerated charge produces a sinusoidal* 
e varying magnetic field, which in turn produces a sinusoidal time varying 
tric field. Fhe two fields so producedare mutually perpendicular and are 
rces of each other. The mutually perperidicular time varying electric and 
enetic fields-eonstitute electromagnetic waves, which propagate in space in a 
ction perpendicular to the directions of both the fields. 

Thus, the electromagnetic waves consist of sinusoidally time varying electric and Key point... 0 sh ae 
netic fields acting at right angles to each other as well as at right angles to the direction "SeSss te 
ropagation of Goaves: : : El e tromagnetic waves are transverse in 
The velocity of electromagnetic in free space is given by ne 


(a =— 

Vo €0 
ere [ly (= 1-257 x 10-6 T m A“!) and €, ( = 8-854 x 10-12 C2 N-! m-”) are res- 
tively the absolute permeability and absolute permittivity of the free space. The 
ocity of electromagnetic waves in free space (vacuum) is equal to velocity of 


nt in vacuum i.e. 3 x 108 m sl, 


g 1.04. PROPERTIES OF ELECTROMAGNETIC WAVES 

A few important properties of electromagnetic waves are as given below : 

1. Electromagnetic waves propagate in the form of varying electric and 
enetic fields, such that the two fields are perpendicular to each other and also 
the direction of propagation of the wave. In other words, electromagnetic waves 
transverse in nature. pert 


2. Electromagnetic waves are produced by.accelerated charges. -- [Key point 7) eae 


3. seoge iageae waves do not require any material medium for their Jectromagnetic waves 
opagation. ; , : aracteristic. When an 
4. In free space, electromagnetic waves travel with a velocity, romagnetic wave travels from one 
1 tito is ..» -taedium to another, its wavelength chan- 
Uf \w hee (se vos. ges bat frequency remains unchanged. 
phy . : 


with a velocity equal to that of light in free space. 
In a material medium , velocity of electromagnetic waves is given by 
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we 
here i and € are absolute permeability and absohite permittivity of that medium:' | °° 
5. The electromagnetic waves obey the principle of gupérposition. 
6. The variations in the amplitudes of electric and magnetic fields in the 
octromagnetic waves always take place at the same time and at the same point in 
e space. Thus, the ratio of the amplitudes of electri¢ arid magnetic fields is always 
nstant and it is equal to velocity of the electromagnetic waves. Mathematically, : 
CSREES OUTS SA Seat Tare ot Or ures Po 
E itt PAL Be ; pi a 4 : , 
B 
7. The energy in electromagnetic waves is divided equally between the electric 
id magnetic field vectors. Nake il ‘i 
8. The electric vector is responsible for optical effects due to anelectromagnetic - 
ave. For this reason, electric vector is called light'véctor! °° 


wm 1.05. TRANSVERSE NATURE OF ELECTROMAGNETI 


...(1.10) 


c= =3x108 ms"! Fe 
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The electromagnetic waves consists of sinusoidally, time varying electricand 
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agnetic fields acting at right angles to each other as well as at right angles tothe... 
irection of propagation of waves. The two mutually perpendicular time varying , 
lectric and magnetic fields may be represented by i a ; 
E=E, sino (t - x/c) bedi The ratio w/c gives the magnitude of 
B = B, sino (t - x/c) orinanes Nelo yeepagation vector for an electro- 
‘magnetic wave, — ; 


: er 


and 
»spectively. The two fields combine to constitute electromagnetic wave, which 
ropagate in space in a direction perpendicular to: the'directions of both the fields: » 


* Sine function of time. 
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Fig. 1.03 
along X-axis. The electric field vector is along Y-axis, while the magnetic field vector 
along Z-axis. Since the electric and magnetic fields are perpendicular to each other 
and to the dirction of wave propagation, the electromagnetic waves are transverse 
in nature. 

As said earlier, the velocity of electromagnetic waves in free space (vacuum) 
is given by 

1 


vHo £0 
The velocity of electromagnetic waves is also given as the ratio of the 
amplitudes of the time varying electric and magnetic fields i.e. 
_ Ey 
Bo 
ma 1.06. ELECTROMAGNETIC SPECTRUM 

Hertz and other scientists proved that it is possible to produce electromagnetic 
waves of wavelengths ranging from several kilometres to 6 x10 m. The visible 
light is found to be electromagnetic waves of very short wave length produced by 
atoms and molecules, which behave as natural oscillators. By the end of last century, 
electromagnetic radiation ranging from several kilometres.to 6.mm and from 
10-® m (infra-red) to 10-8 m (ultra-violet) became known. Then, X-rays were 
discovered, which were found to be electromagnetic,waves of even shorter 
wavelength. The study of radioactive phenomenon led to the discovery of y-rays, 
which are electro-magnetic waves of wavelength even shorter than X-rays. Then, 
originally existing gaps in the electromagnetic spectrum got filled on the production 
of corresponding electromagnetic waves experimentally. 

The orderly distribution of electromagnetic waves.(according to wavelength or 
frequency) in the form of distinct groups having widely differing properties is called 
electromagnetic spectrum. 

Main parts of electromagnetic spectrum. The eco Arsh spectrum may 
be divided into the following main parts : 

1. y-rays. These waves are of nuclear origin:and range apd 3 x . 1019 to 5 x 1020 
Hz. y-rays are highly energetic radiations au are mainly. emt by radioactive 
substances. 


c= 


...(1.11) 


2. X-rays. X- -Tays were discovered by the German shvstaisey w Rontgen. These 


rays are of atomic origin and are produced, whena target of an element having high 
atomic number is bombarded by fast moving electrons. X-rays have frequencies in 
the range 10! to 3 x 10! Hz. X-rays possess a high penetrating power... 


3. Ultra-violet rays. Ultra-violet rays were discovered by Ritter in 1801. The 


ultra-violet rays are part of solar spectrum, They can be produced by the ares of 
mercury and iron. They can also be obtained by passing discharge through hydrogen 


and xenon. The frequency of ultra-violet rays lies in the range of 8 x 1014 to 1016Hz... .,, 
4, Visible light. It forms a very narrow part. of the: electromagnetic spectrum...) + ~ 

and its frequency ranges from 4 x 10'4 to 8 x 10!4 Hz. The visible light is emitted:|~ \’ 

due to the atomic excitation. Human eye is sensitive to only visible part of the- 


electromagnetic spectrum. 

5. Infra-red rays. Infra-red rays were discovered. by, Herschell. Infra-red rays 
are heat radiation and therefore all hot bodies are the sources of infra-red rays. About 
60% of the solar radiation is infra-red in nature. The frequency range of infra-red 
rays is 1015 — 4 x 10!4 Hz. 


_ The direction of propagation of an elec— 
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tromagnetic wave is given by the cross 
product of electric field and magnetic 
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field vectors i.e. by E, x,B 
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All the types of electromagnetic waves 
travel with the same speed in free space. 
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6. Microwaves. The microwaves are produced by oscillating electronic circuits. | 
> frequency of microwaves lies between 1019 -3 x 10!! Hz. The microwaves are _ 
.d in radar and other communication systems. 
7. Radiowaves. Like microwaves, radiowaves are also produced by oscillating 
ctronic circuits. The frequency of radiowaves varies from a few Hz to 10°? Hz. 
e radiowaves. are used as carrier waves in radio broadcasting and TV 
nsmission. ~| 
Electromagnetic waves are classified according to the type of the excitation. 
erlapping in certain parts of the spectrum means that the corresponding wave- 
ths can be produced by two methods. For example, 10-m waves can be 
sduced both with the help of an artificial oscillator and in the process of thermal 
liation. It may be pointed out that the physical properties of electromagnetic 
ves are determined by the wavelength and not by the method of their excitation. 
e following table gives a brief account of the electromagnetic spectrum : 
Electromagnetic Spectrum 


wie Haas 


72x10 hx 107, 
: 1016 to 3 x 10!? 


Ziarget by 


8 x 1014 to TOME tT Mh TU BIS 10 toe citation of atoms and spark. 


iolet rays (UV) 
4 x 104 to 8 x 104 


pht , spark and arc 


xcitation of atoms and molecules. 
‘Oscillating currents in special 
vacuum tubes. © eos 8 ec 
Os illating circuits. 


1012 to 4 x 1014 
5 x 10? to 10” 


ed rays (IR) 


3 x 10° to3 x 10!) 


Human eye is sensitive to only visible part of the electromagnetic spectrum. 
fferent types of detectors are used to detect and study the different parts of the 


ectrum. 
The following table gives the wavelength range of different colours of visible 


rht : 


Visible Spectrum 


39 x 10-7 to 45 x 107 
he, 
ey 5 BAO tO 5-7 x 107 “ 


ge 1.07. RADIOWAVES AND MICROWAVES 
Radiowaves are produced by oscillating electric circuits having an inductor" - 
aid a capacitor. Like radiowaves, microwaves are also produced by such electric 
reuits. An oscillating circuit produces time varying magnetic field, which then 
roduces time varying electric field. The two time, varying fields constitute 9% -"" GWIHe 
:diowaves, which are basically electromagnetic waves. The microwaves have 
ymparatively smaller wavelength range as compared to the radiowaves. Ay 
Properties. 1. Radiowaves and microwaves are electromagnetic waves and 


avel with a speed of 3 x 108m s7l. pois ae wre) 
2. Radiowaves obey laws of reflection and refraction. 


3. Radiowaves get diffracted from obstacles coming in their path. Since ~~ 
ravelength of radiowaves is quite large, the size of such obstacles should alsobe = | 
rge. RRPUET OE seston paternal Shear 

4. Microwaves produce heat, when absorbed by ‘matter. © stir piilantata suibaeaalel 

Applications. 1. Radiowaves are used for wireless communication purposes. 
hey are used to transmit radio and TV signals. ; hits tcl ik tela ge tie 

2. Radiowaves are used in radioastronomy. 

3. Microwaves are used in radar systems. 

4. Microwaves are used in long distance telephone communication systems. 

5. Microwave ovens are used for cooking. , POS “ 

6. Microwaves are used in the study of atomic and molecular structure. 
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Infra-red rays were discovered by Hebschell. fnifacred' rays are heat radiation 


and therefore all hot bodies are the sources of infra-red rays. About 60% of the ' 


solar radiation is infra-red in nature. The following are a few sources to produce 
infra-red rays : 

1. Nernst lamp. The filament of Nernst lamp is made from the mixture of 
zirconium, thorium and cerium. When a current is passed through such a filament, 
then at a temperature of about 1200 K , infra-red rays are emitted. 

2. Globar. It is basically a rod of silicon carbide, which when heated to a 
temperature of about 900 K by passing current, produces infra-red rays. 

3. LASER. It is used to produce monochromatic infra-red rays. For example, 
He — Ne LASER gives infra-red rays of wavelength 0-69 x 10 m , 1-19 x10 m and 
3-39 x 10 m. CO, LASER provides infra-red rays of wavelength 10-6 x 10 m 

To detect infra-red rays, thermocouples, thermopiles, bolometers, photo- 
conducting cells are used. 

Properties. 1. Infra-red rays are electromagnetic waves and travel witha speed 
of 3\x 108m s7!. 

2. Infra-red rays obey laws of reflection and refraction. 

3. Infra-red rays can produce interference and can be polarised. 

4. When allowed to fall on matter, infra-red rays produce an increase in 
tempera-ture. 

5. Infra-red rays affect a photographic plate. 

6. When absorbed by molecules, the energy of infra-red rays gets: converted 
into molecular vibrations. 

7. They are scattered less as compared to the visible light by the atmosphere. 
Hence, infra-red rays can travel through longer distances through atmosphere under 


the conditions of smoke, fog, etc. Nitrogen and oxygen gases are ae to be 


transparent medium to all the wavelengths of infra-red rays. 

Applications. 1. Infra-red rays from the sun‘keep the earth warm and hence 
help to sustain life on earth. 

2. The coal deposits in the interior of earth are the result of conversion of forest 
wood into coal due to infra-red rays. 

3. Infra-red rays are used in solar water heaters and cookers: ‘ 


aA em 


4. Infra-red rays photographs are used for weather’ forecastifig?” te DOie 


cry, 


5. Infra-red rays are used for taking photographs during the’conditions of Hog! Lashed ta 


smoke, etc. 


6. Infra-red rays absorption spectra is used in the sttidy‘of molecular: struchité ph 


and then to check the purity of the chemicals: © | ths ai 
7. Infra-red rays are used for producing dehydrated fruits?< 
8. Infra-red rays are used to provide electrical energy | to satellites by using solar* 
cells. 
9. Infra-red rays are used to treat muscular strains. 
guy 1.09. ULTRA-VIOLET RAYS 
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Ultra-violet rays were discovered by. Ritter i in 1801, ‘the. ultra. violet ‘rays Bia cent iy 
part of solar spectrum. They can be produced by the arcs of mercury rand.iron, They waislia a Te 


can also be obtained by passing discharge through hydrogen ANA XENON ooenys 


Properties. 1. Ultra-violet rays are electromagnetic waves and travel with the . : 


speed of 3 x 10° ms7. sor eth wenden cae sp 
2. They also obey the laws of reflection did: cad ee st iuedasaeucan od bar aisiistacs gata Fer sucnt 
3. They can also undergo interference and can be polariseds;) s Nox eerpi yacder ai ook 
4. When allowed to fall on metals, they cause: the cuiggioang photoelectrons, ad aver gece’ Nov 
5. They can affect a photographic plate. 2:1)» sgorrisbas emote to esitisoauy bia 
6. Ultra-violet rays can cause flourescence in certain Sater 


7. Ultra-violet rays can not pass through glass but quartz, fluoriteand rock salt) sisotinsn: oy ocd 


are transparent to them. 
8. Ultra-violet rays possess the property of suanbsicatier vitamin D, when the 
skin is exposed to the sunlight. 
Applications. 1. Ultra-violet rays are used aa checking the mineral renee 
by making use of its property of causing flourescence. 
2. Ultra-violet absorption spectra is used in the study of molecular striae: 
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3. Ultra-violet rays destroy bacteria and hence it is used for sterilizing surgical 


ruments. 


4. As ultra-violet rays can cause photoelectric effect, they are used in burglars, . 


m. 
3 1.10. X-RAYS 


The discovery of X-rays was accidentally made by a German professor Rontgen 


895. In laboratory, X-rays can 
Properties. X-rays have the 


be produced by using Coolidge X-ray tube. 
following properties : 


1. X-rays are electromagnetic waves of very short wavelength ranging from 


| A to 10 A. 


2. X-rays travel in vacuum with the speed of light (3 x108 m 871), as they are 


» electromagnetic waves. 
3. They are not deviated by 


electric and magnetic fields. 


4. They affect the photographic plate very intensely. 
5. They ionise the gas through which they pass. 
6. They cause fluorescence in substances like zinc sulphide, barium platino- 


nide, calcium tungstate, etc. 


7. Like light, X-rays can also cause photoelectric effect. 
8. They travel in straight line and while doing so, they:cast the shadows of the 


ects falling in their path. 

9. X-rays can undergo refl 
larisation. 

10. X-rays can penetrate the 


ection, refraction, interference, diffraction and 


materials that are opaque to visible or ultra-violet 


ht. They can easily pass through paper, thin sheet of metals, wood, flesh, etc, but 
»y cannot penetrate denser objects such as bones, heavy metals, etc. ,. , 


11. They have injurious effect on human bodies., Exposure.of human body to 
rays causes reddening of the skin. The long exposures result into surface sores. 
12. When X-rays fall on certain metals, secondary X-rays are produced, which . 


» characteristic of the metal. The secondary X- rays are accompanied by fast zi 


oving electrons. 


Applications. X-rays have been found to be of great,use,in variety of fields.as . 


ted below : 
1. Surgery. X-rays are used 


in surgery for the detection of fractures, diseased, 


gans, foreign matter like bullets and formation of bones.or-stones,in the human, -- 


ydy and observing the progres: 
e diseases. 


2. Radiotherapy. Controlled X-ray exposures are used to,cureuntractable skip. pysome vung 
hs. Soft X-rays are used, if the affected parts arg.) icles tiled 
:perficial, while hard X-rays are used for deep seated organs... 


iseases and malignant growt 


4 ¢ betarbya Lae 5 ¢ 
3. Engineering. X-rays are used in engineering for detecting faults, cracks, flaws...) oy ut hour « 


s of healing bones., They are also used to diagnose... , 


id gas pockets in finished metal products. They are used for the testing of weldings, 
stings and moulds. They are also used to detect cracks in the engines of cars and...) 44 § 


2roplanes. 


4. Detective departments. They are used by detective departments for detection |, 0... 
f explosives, opium and other contraband goods and are ‘used by'custom<S 778" 
epartment for detecting gold and silver in the body of smugglers. They are alsb ’ ated Met iy 


sed in mints, where coins are 


iamonds, gems, etc from artificial ones. “° °° 


made. They are also-used for istihguishing reak> % oF 
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5. Industry. X-rays are used in industry for detecting the pearls in oysters, for 


sting the uniformity of insulating materials and homogeneity of'timber. They-aretowici 10 ows of 
1so used to examine the defect in rubber tyres, golf and tennis balls -wodd,'ete. 9s sa Ue" 

6. Scientific research. X-rays have been used ininvestigating the structures'of) roi 10” 
rystals, constitution and properties of atoms and arrangement of atoms ands!) uigs130' 0) 
nolecules in the complex substance. _ | atshalkitl dialtooun somesesiyolt senna 15 
In addition to the above mentioned: uses, X-rays-are also used in detecting irs seg eno 


mene in old oil paintings. 
oe | - 11. GAM ARAYS 


Gamma rays were discovered by Rutherford. 
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They are emitted from the nuclei 


sf some radioactive elements and are electromagnetic waves of very shortwave 


ength. Gamma rays can be detected with Geiger Counter. 
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Properties. 1.y-rays are electromagnetic waves and have velocity equal to that 
of light. 
y-rays are highly penetrating. They can penetrate through several centimetres 

thick iron and lead blocks. 

3. They have got small ionising power. 

4. They can produce fluorescence in a substance like willemite. 

5. They can affect a photographic plate. 

6. y-rays are not deflected by electric and magnetic fields. 

7. y-rays knock out electrons from the surface on which they fall. 

8. y-rays produce heating effect in the surface exposed to them. 

Applications. 1. y-rays are used in radiotherapy. In hospitals, y-rays are used 
to treat cancer and tumours. 

2. In food industry, soft y-rays are used to kill microorganisms. It helps to 
preserve the foodstuffs for a prolonged time. 

3. y-rays are used to produce nuclear reactions. 
gag 1.12. PROPAGATION OF ELECTROMAGNETIC WAVES IN 
ATMOSPHERE 


The sun is main source of electromagnetic radiation and it sends out 
electromagnetic waves of different wavelengths towards the earth. As the 
electromagnetic waves propagate through the earth’s atmosphere, a major part of 
it is absorbed by the atmosphere. Most of the infra-red radiation is absorbed by the 
atmosphere and the atmosphere gets heated. The visible light is only slightly 
absorbed. The electromagnetic radiation from the sun is quite rich in ultra-violet 
radiation. Owing to its small wavelength (high energy), ultra-violet radiation is 
harmful to plants and living cells. However, the ozone layer absorbs most of the 
ultra-violet radiation and other harmful radiations of lower wavelengths. The ozone 
layer converts the ultra-violet radiation to infra-red, which further heats up the 
atmosphere and the earth’s surface. 


gues 1.13. GREEN HOUSE EFFECT 


The sun is source of energy. It emits energy in the form of visible light, infra- 
red and ultra-violet radiations. The behaviour of atmosphere is different towards 
different types of radiations. Whereas the ultra violet radiation and other low 
wavelength waves are absorbed by the ozone layer, a large part of the infra-red 
radiation is not allowed by the atmosphere to pass through it. The earth’s atmosphere 
is transparent to visible light. Therefore, only visible light and a part of infra-red 
radiations reach the earth’s surface. These radiations keep the earth’s surface warm 
even at night due to the green house effect of the atmosphere, as explained below : 

The earth gets heated to only a low temperature due to the solar energy reaching 
its surface. At such a low temperature, the energy emitted from the earth lies mostly 
in the infra-red region. Since earth’s atmosphere is not transparent to infra-red 
radiations, these radiations are reflected back. The low lying clouds and heavy gases 
like CO, present in the atmosphere reflect infra-red radiation back towards the 
earth’s surface. Due to this, the earth’s atmosphere becomes richer in infra-red 
radiation. As this radiation is absorbed by the objects readily, they get heated in this 
process. This phenomenon is called the green house effect. | 

It may be pointed out that the ultra-violet radiation and other low wavelength 
waves coming from sun and stars are absorbed by ozone layer. Had ozone layer 
not absorbed them, these radiations would have proved damaging to plants and 
living cells. 


TYPE A. On Speed, Frequency and Wavelength of 
Electromagnetic Waves 
Problem 1.01. Green light of mercury has a wavelength 
5-5 x 10-5 cm. (a) What is the frequency in MHz and period 
in ws in vacuum ? (b) What is the wavelength in glass, if 
refractive index of glass is 1-5 ? Given,c =3 x 108 ms-1. 


(Text Problem) Time period, T = 


Sol. Here, wavelength,A = 5-5 x 10 cm=5-5 x 10-7 m 
velocity of light, c=3x 108 msl 


(a) Ifv is the frequency, then | 


Key point od 


The ozone layer absorbs the ultra-violet 
_rays from the sun and thus prevents them 
from producing harmful effect on living 
organisms on the earth. ‘Further, it traps 
the infra-red rays and prevents them from 
escaping the surface of earth. Tt cee » 
‘keep the earth’s eee warm. | 


SOLVED NUMERICAL PROBLEMS 


Cann desd0 tae 3x 10° 
sindihsunrtee cals wali, cheatin ok cs 
4 5:5x10% = 5#B X07" x 10 
=5-45 x 108 MHz. 
12 _5:-5x4077 
~ 3 =18x10-15s 
c 3 «10 


= 1:8 x 10-15-16 = 1-8 x10-19 ps 


(b) Now, refractive index, 
velocity of light in vacuum _ ¢ 


velocity of lightin glass U 
Therefore, velocity of light in glass, 


ABA 
U 1-5 
The wavelength of light in glass, 


; eee 1 
Ae aaa (: =7| 


Vv 
=2x 108 x 18x 10° 
=3-6x107m 
Note. The, wavelength of light in glass can also be 


~2x108ms! 


v= 


S 


Jetermined by using the releation, 2’ = A, 


Problem 1.02. Electromagnetic waves travel in a 
medium with a speed of 2 x 108 m s~. The relative 
permeability of the medium is 1. Find the relative 
permittivity. 

Sol. Here, v = 2 x 10°ms! and u,=1 

The speed of electromagnetic waves in a medium is 
given by 


ve , ..-{7) 
JHE 
where yp and € are absolute permeability and absolute 
permittivity of the medium. 


Now, W=UoH, and €=€€, 
Therefore, equation (i) becomes 
fv 1 ame! - T haere 
v Ho My X Eo Ey Vv Ho Eo Vv HE Vv MrEr 
oss (3x 108)? 


or €;= 


Se eee COED 
vy My (2X 10°)? x1 


| TECHIE STUF 


Problem 1.04. A plane electromagnetic wave 

propagating in the X-direction has a wavelength of 

6 mm. The electric field is in the Y-direction and its 

maximum magnitude is 33 V m1. Write suitable equations 

for the electric and magnetic fields as a function of x and f. 

(Text Problem) 

Sol. For the electromagnetic wave propagating along 

X-direction, electric and magnetic fields, will be along 
Y-direction and Z-direction and are given by 

Ey = E,sin w (t-x/c) 


and B, = By sin w (f- x/c) Ta ee 
Here, 4=6mm=6x10~m and E,=33 Vm" 
Pont 
Now, shane kash Se caper seer Toad 
bacth Ait, se LO SLO) 
and Beer oo RE 11x10 T 
cy 3x 10 


Hence, E, = 33 sin 7 x 1011 (t — x/c) 

and B,=11%x 1077 sin x x 101! (t — x/c) 

Problem 1.05. Find the amplitude of the electric field 
in a parallel beam of light of intensity 8 W m7”. 


Problem 1.03. The electric field of a plane 
electromagnetic wave in vacuum is represented by 

E, = 0,E,= 0-5 cos [2 a x 108 (t- x/o)] 

and E,=0. 

(a) What is the direction of propagation of 
electromagnetic waves ? 

(b) Determine the wavelength of the wave. 

(c) Compute the component of associated magnetic 
field. (C.B.S.E. 1992) 

Sol. (a) The equation : 

E, = 0:5 cos [2 2 x 108 (t- x/c)] eG) 
indicates that the electromagnetic waves are propagating 
along the positive direction of X-axis. 

(b) Comparing the equation (i) with the equation in 
standard form i.e. 
E)= Ey cos @ (t — x/c) 


we have 
w=22%x 108 or onv=2nxx10 ‘or y=108 s1 
c 3x 10° 
Now,,. 4=—= a1 = 3m 
v 10 


(c) The associated magnetic field is perpendicular to both 
the electric field and the direction of propagation. Since wave 
is propagating along X-axis and electric field is along Y-axis, 
magnetic field must be along Z-axis. Hence, the components 
of associated magnetic field are 
B,=0, B,=0 
B, = By cos [2 a x 108 (t — x/c)] 


and 
Eo gyi 
= —9 cos[2 aX 10°(F-x/c) 
: 
5 ; 3. / 
or BL= g cosl2a x 10 (t-x/c)l 
, 3x10 y 
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RENEE SED, 


Sol. The intensity of a plane electromagnetic wave is 
given by. 3 


ior ee Atinad ; .2x%8 

FOTW ehe \ 8-85% 1071? x 3x 10° 
Problem 1:06. The wave emitted by any atom or 
molecule must have some finite total length. For 
sodium light, this length (called coherence length) is 2-4.cm. 
Deduce (i).the number of oscillations in this length (ii) the 
coherence time. Given, A = 5-9 x 10-7 cm, c= 3-0 x 108 mst. 
(Text Problem) 

Sol. Here, the coherence length, ! = 2-4 cm = 0-024 m 

wavelength, 4 = 5-9 x 107 cm = 5-9 x 107m 

(i) Therefore; ‘the number of oscillations in coherence 
length J is given by” 


= 77-6N C1 


Lest 50°024 


Us = 4.068 x 10° Hz 
Se ek 
(ii) The coherence time, 
| _ 0-024 


“ce 3x10° 


Q. 1.01. Is displacement current, like conduction 
current, a source of magnetic field ? 

Ans. Yes, the displacement current is also a source of 
magnetic field like the conduction current. 

Q. 1.02. The charging current for a capacitor is 0-25 A. 
What is the displacement current across its plates ? 

(C.B.S.E. 1996) 

Ans. The displacement current is always equal to 
conduction current and therefore it is also equal to 0:25 A. 

Q. 1.03. State modified Ampere’s circuital law. 

Ans. The modified Ampere’s circuital law states that 


=> => d 
B. dl = py Ic +Ip) =o [tc +e, oe 


Here, the letters have their usual meanings. 

Q. 1.04. Write down Maxwell’s equation for steady 
electric field. (H.5.5.C B99) 

Ans. Maxwell’s equation for steady electric field are 


i f E. i= (i) § Edi = 


Q. 1.05. are | are electromagnetic waves ? 

Ans. The transverse time varying electric and magnetic fields 
propagating in space in a direction perpendicular to the directions 
of both the electric and magnetic fields are said to constitute 
electromagnetic waves. 

Q. 1.06. Write an expression for speed of electro- 
magnetic waves in free space. (H.S.S:C:Bf1998) 

Ans. The speed of electromagnetic waves in free space 
is given by 

1 


vo €o 


Q. 1.07. Write the relationship between amplitudes of 
electric and magnetic fields in free space for an electro- 
magnetic wave. (C.B.S.E. 1995, 1994) 

Ans. The amplitudes of the electric and magnetic fields 
in free space are related by E/B = c, where c is speed of 
electromagnetic waves in free space. 

Q. 1.08. Give the ratio of velocities of light rays of 
wavelengths 4000 A and 8000 A in vacuum. 

(C.B.5,E..1997) 

Ans. Velocity of light rays of different wavelength in 
vacuum is same and hence the ratio of their velocities is 1. 

Q. 1.09. The wavelength of electromagnetic radiation 
is doubled. What will happen to the energy of the photon ? 

(C.B.5.E. 1993) 

Ans. The frequency and hence energy will become half, 
when the wavelength of the electromagnetic radiation is 
doubled. 

Q. 1.10. State the properties of electromagnetic waves. 

(BS:5,C.E. 2002) 


C= 


Ans. Refer to section 1.04. 
Q. 1.11. What is electromagnetic spectrum ? 
(H.S,S.C. E1997) 
Ans. The orderly distribution of electromagnetic waves in the 
form of distinct groups having widely differing properties is called 
electromagnetic spectrum. 
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Q. 1.12. Name the main parts of eléctromagnetic 
spectrum. 

Ans. Gamma rays, X-rays, ultra-violet rays, visible light, 
infra-red rays, heat radiations, microwaves, radio waves. 

Q. 1.13. Which of the following belo to the electro- 
magnetic spectrum : 

a-rays, b-rays, y-rays, cathode rays, X-ray, ultra-violet 

rays, microwaves, ultrasonic waves, radiowaves, infra-red 
rays ? Arrange them in order of increasing frequency. 

U.S:C.E 1995) 

Ans. The following belong to electromagnetic spectrum 
and are arranged in order of increasing frequency : 

Radiowaves, microwaves, infra-red rays, ultra-violet 
rays, X-rays and y-rays. 

Q. 1.14. Name any six electromagnetic waves in 
increasing order of their frequencies. (H.S.S.C.E. 2002) 

Ans. Radiowaves, infra-red rays, visible light, ultra- 
violet rays, X-rays and y-rays. 

Q. 1.15. Arrange the given electromagnetic radiations 
in the descending order of their frequencies : Infra-red, 
X-rays, ultra-violet and gamma rays. (C.B.S.E. 2002) 

Ans. Gamma rays, X-rays, ultra-violet and infra-red. 

Q. 1.16. Write the following radiations in an ascending 
order in respect of their frequencies : X-rays, microwaves, 
ultra-violet rays and radiowaves. (C.B.S.E. 1998) 

Ans. Radiowaves, microwaves, ultra-violet rays and 
X-rays. 

Q. 1.17. Rewrite the following radiations in a descen- 
ding order of wavelength values : Infra-red rays, radio- 
waves, -rays, Microwaves. (C.B.S.E. 1998) 

Ans. Radio waves, microwaves, infra-red rays and y- 
rays. 

Q. 1.18. Write the following radiations in a descending 
order of frequencies : red light, X-rays, microwaves, radio- 
waves. — (C.B.S.E. 1998) 

' Ans. X-rays, red light, microwaves and radiowaves. 

Q. 1.19. Arrange the following radiations in the 
descending order of wavelength: X-ray, infra-red ray, red 
light, yellow light, radio waves. (H.P.S.S.C.E. 1995) 

_Ans. Radio waves, infra-red ray, red light, yellow light, 
y-rays. 

Q. 1.20. What is common between different types of 
e.m. radiations ? 

Ans. All types of e. .m. radiations are ieangvensas in nature 
and travel with the same speed (= 3 x 108 m s7/) in vacuum. 

Q. 1.21. Which of the following has the lowest fre- 
quencies: Jas hg ppeeriplet rays and X-rays ? 

(C! B S.E. 1996) 

Ans. wilerowaves! 

Q.'1.22. Write the frequency limit of visible range of 
electromagnetic spectrum in kHz. ° (C.B.S. E. °1998, 1990) 
Or 

What is the approximate range of visible. ectrum 3 

HSS. GE: 1999 S) 

Ans. The wavelength range of visible part of electro- 

magnetic spectrum is 3900 A to 7600 A. ay 


der bis 


The corresponding frequency range of visible spectrum 
| x 10!4 Hz to 7-7 x 10!4 Hz. 

Q. 1.23. What is the ratio of speed of infra-red rays and 
ra-violet rays in vacuum ? (C.B.S.E. 2001) 
Ans. It is.1,,.. 

Q. 1.24. What is the ratio of speed of gamma rays and 


Jiowaves in, vacuum ? (C.B.S.E. 2001) 
Ans. It is 1. 
Q. 1.25. Radiowaves and gamma rays both are trans- 


rseinnatureand electromagneticin character and have the 
me speed in. yacuum. In what respects are they different? 
eet (SCE aL 997) 
Ans. Radigwaves have atomic orgin, while they-rays are 
nuclear origin. Further, owing to their very small wave 
ngth, y-rays ate highly peneterating in comparison to 
diowaves. — 
Q. 1.26. What is the main difference between charac- 
ristic X- rays and y-rays ? (L.S.C.E. 1994) 
Ans. X-rays, are emitted, when orbital electron jumps 
om some outer shell to the inner shell in case of an atom of 
heavy element (Z = high), while y-rays are emitted by 
\dioactive nuclei. 
Q. 1.27. How does the frequency of a beam of ultra- 
iolet light change, when it goes from air into glass ? 
(C.B.S.E. 2001) 


| FREQUENTLY 


Q. 1.01. What is Maxwell’s displacement current ? 
a (H.S.S.C.E. 1994 ; C.B.S.E. 1994), 
Ans. The displacement current is produced, wheniran 
lectric circuit (say across the plates of a charged capacitor), 
he electric field changes with time. Mathematically, 


ro £ Ipr tor 


wi GR 1.02,.A variable-frequency a.c. source is connected | 
‘o a capacitor. Will the displacement current increase or 
jJecrease with increase in frequency? “ 

Ans. ifwe increase w, the reactance of the capacitor will _ 
Jecrease and consequently conduction current will increase. 
Since displacement current is equal to conduction current, the 
displacement'current will increase with increase in frequency 
of a.c. source. . ao 

Q: 1:03Why is it that induced electric fields due to 
changing magnetic flux are more readily observable than 
the induced magnetic fields due to changing electric 
fields 2. ni “OH ) Lasiguy path deat tanigveal bits 

Answibhe induced magnetic fields produced due to 
displacement. currents, are of magnitude too small tobe » 
observed 2The effect can be increased by increasing the 
displacement current. For example, in.an a,c. circuit, itcan 
be increasedyby increasing o. On the.other,hand, the. induced 
electric Fekts due to, changing magnetic flux can be easily, 
increased by simply taking a coil of large turns and hence, it 
is readily observable. 5 | caeaere nly diusnclit 

. QO. 1.04..What does an electromagnetic wave constist 
of ? On w aj factors does its velocity in vacuum depend ? 
Onaga LO (9 ARIE IG THIN EPS 'S.C.E. 1994, 1992) 
Ans. An electromagnetic wave consists of electric and 
magnetic fields varying both in space and time. The two fields 
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Ans. There is no effect on the frequency of ultraviolet 
light. 
Q. 1.28. Why are microwaves used in RADAR? 
(C.B.S.E. 1999) 
Or 
Which part of the electromagnetic spectrum is used in 
operating a RADAR ? (C.B.S.E. 1996) 
Ans. Microwaves are e.m. waves of very short wave- 
length. Such waves are used in RADAR due to the reason that 
they can travel in a particular direction in the form of a beam. 
Q. 1.29. Name the electromagnetic radiations used for 
viewing objects through haze and fog. (H.S.S.C.E. 1997) 
Ans. Infra-red rays. 
QO. 1.30. State two applications of X-rays. 
(P.S.S.C.E. 2002) 
Ans. Refer to section 1.10. 
Q. 1.31. The small ozone layer on the top of strato- 
sphere is crucial for human survival. Why ? 
(PS.S.C.E. 2000 ; H.P.S.S.C.E. 2000 ; C.B.S.E. 1996) 
Ans. The ultraviolet radiation from the sun is harmful 
to living cells and plants. The ozone layer absorbs ultraviolet 
radiation and prevents it from reaching the earth. It also keeps 
the earth warm by trapping infra-red radiation. 


SWER QUESTIONS 


ceo With Answess/Hints ensues 


are perpendicular to each other and to the direction of 
propagation of wave. The velocity of electromagnetic wave 
in vacuum depends upon the values of its absolute 
permeability (4, ) and permittivity (€)). 
Q. 1.05. State the principle of production of e.m. 
waves. What is the value of velocity of these waves ? 
wads th Eta? RS 34 HB ia LEIS. S(G, Bel 996) 
i, Ans, The-accelerated charge produces electric and 
magnetic fields, which vary both in space and time. These 
varying electric and magnetic fields give rise to electro- 
_ The velocity of em. waves in free space is 3 x 108 mst. 
Q. 1.06. State any four properties of electromagnetic 
waves. _ SCE: 2000, 1999, 1997, 1996 S ; C.B.S.E. 1995) 
Ans. The e.m. spectrum consists of anumber of distinct 
parts. But the’radiations from all the parts possess the 
following ¢ommion properties : 
“0 de They are'transverse in nature. 
‘ 2 THey'do hot require any material medium for propa- 
gato seem 
|. 3. They’ travel with the same speed of 3 x 108 ms~! in 
vacuurn'? 2 PLONE OS 
4. They consist of mutually transverse varying electric 
and magnetié fields: *~ 
Q. 1.07. What is the wave 
which transmits vision on 500MHz? Givenc 


length ofatelevision station, 
=3x108ms". 
(I.S.C.E. 1993) 
7 =500% 10° Hz;c=3x108ms! 
3 x.10° 

500 x 10° 


(‘Ans Here, ¥ =500 MH 


y Now,’ aati -— 0-8 m 


Re es 


Q. 1.08. Why can light travel in vacuum, whereas 
sound can not do so ? 

Ans. Light waves are electromagnetic in nature. They do 
not require a material medium for propagation and can travel 
in vacuum. On the other hand, sound waves require a 
material medium for propagation. They are mechanical 
waves and cannot travel in vacuum. 

Q. 1.09. Radio waves diffract pronouncedly around 
building ; while light waves, which are also electromagnetic 
waves, do not. Why ? 

Ans. For a wave to suffer diffraction, the wavelength 
should be of the order of size of the obstacle. The wavelength 
of radio waves (short radio waves) is of the order of the size 
of the building and the other obstacles coming in their path 
and hence they easily get diffracted. The wavelength of light 
waves is very small and they are not diffracted by the 
buildings. 

Q. 1.10. Give one use of each of the following : 

(i) infra-red rays (ii) gamma rays (iii) microwaves and 
(iv) ultraviolet radiations. (C.B.S.E. 1992) 

Ans. (i) Infra-red rays photographs are used for weather 
forecasting. 

(ii) Gamma rays are used in nuclear reactions. 

(tii) Microwaves are used in RADAR. 

(tv) Ultra-violet rays are used for sterilizing surgical 
instruments. 


Q. 1.01. Static crashes are heard on radio, when a 
ie lightning flash occurs-even if the lightning occurs far 
away. Why does this happen ? 

Ans. A lightning flash involves tremendous electrical 
fields and currents, which oscillate between the earth and the 
clouds or between two groups of clouds. in this electrical 
activity, many charges oscillate and produce a wide variety 
of electromagnetic waves. The flashes of light we see-are 


emitted by atoms during ‘this intense activity. Those’ 


electromagnetic waves, which have frequencies in radio- 
wave range, interfere with radio waves. Since light and 
radiowaves travel with the same speed, they arrive at the 
same time as does the light. v3 
a Q. 1.02. What would be the order of magnitude of the 
minimum frequency of electromagnetic waves that 
could be used to detect the presence of (a) the planet 
Venus, (b) an aircraft50 m long (c) a bird 0-1 m long ? From 
what sources of electromagnetic radiation, would you be 
able to generate radiation of these wavelengths ? 
Ans. In order to use a wave phenomenon to detect the 
presence of some object, the wavelength of the waves used 
must be comparable to or smaller than the dimensions of the 
object to be detected. 


(a) Venus is about 107 m in diameter. The frequency of... 


electromagnetic waves of wavelength 107 m is given by 


c 3x108 
Vis = ea) Ean: 
A 107 4 


The waves of frequency 30 Hz correspond to very low’ 
andio-frequency radio waves. Practically, it will not be Ppossi- 
ble to detect Venus by employing such waves, because of the 
following reasons : 

1. It would be almost impossible to get much power into 
such a low frequency wave. 


Q. 1.11. What are microwaves ? their any or f: 
(—.S.S.C.E. 1998 
Ans. Microwaves are electromagnetic in:nature and thei 
wavelength ranges from 10-3 m to 0-3 m. These waves ar 
used in radars and in the study of atomicand molecula 
structure. F 
Q. 1.12. If the earth did not have atmosphere, would 
its average surface temperature be higher‘or lower than 
what it is now ? (PS.S.C.E. 19935 C.B.S.E. 1990) 
Ans. The infrared radiation emitted by earth are retained 
by the earth’s atmosphre due to the green house effect and 
this keeps the earth warm. If the earth did not have atmos- 
phere, its average temperature would as ah low. 
Q. 1.13. Discuss the significance of green house effect 
in the atmosphere. (C.B.S.E. 1999 S) 


Or 
What do you know about green house effect ? 
(H.P.S.S.C.E. 1993) 
Or 
Explain the green house effect. 
(PS.S.C.E. 1999 ; H.P.S.S.CE. 1999, 1994) 
Or 
What do you understand by green house effect ? 
Explain it. (H.S.S.C.E. 1995) 
Ans. Refer to section 1.13. 
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2. Such a radio wave would be absorbed completely in 
the upper atmosphere. 

3. Even if we could send such a radiowave to Venus and 
receive an echo, its beam would be so broad that we will not 
be able to pinpoint the direction of the Venus. 

(b) The waves of wavelength 50 m required to detect an 


, aircraft possess frequency, 


oie SOU 
A 50 r 
This frequency is higher than the frequency of 
radiowaves used by A.M. broadcasting stations. Primitive 
radars operated at frequencies about 20 times this. 
(c) A0-1 m long bird will require frequency, 


c. 3x108 
ee Niet 
nae i 


It is very close to the popular radar frequéricy. Indeed, 
radars occasionally detect birds. i 
@ Q. 1.03. Suggest reasons, why (a) food in metal con- 

tainers cannot be cooked ina microwave oven, (b) an 
empty glass container does not get hotin a microwave oven. 

Ans. In a microwaveoven, the frequency ofnticrowaves 
is-selected to’match the resonance frequency of water 
molecules, so that the energy from the waves is transferred 
efficiently to the kinetic energy of the molecules! This raises 
the temperature of any food containing water... . 

(a) The atoms of the metallic container are set into forced 
vibrations by the microwaves. Due to this, energy of the 
microwaves is not efficiently transferred to the metallic 
container. Owing to this, food in metallic containers cannot 
be cooked in a microwave oven. NOE 


ak-§ 


cules of the glass container do not respond Q. 1.05. Some scientists have predicted that a global 
e frequencyiof microwaves. Due to this, energy from the nuclear war on the earth would be followed by a severe 
‘owaves is not transferred to the glass containerandhence ‘nuclear winter’ with a devastating effect on life on earth. 


es not get hot in a microwave oven. 4 What might be the basis of this prediction ? 

» 2: 1.04. Optical and radio telescopes are built on the Ans. Scientists estimate that in case of global nuclear war, 
ground, but X-ray astronomy is possible only from __ the clouds produced will cover probably whole of the sky. In 

llites orbiting the earth. Why ? that case, solar radiation would be prevented from reaching 
Ans. The earth’s atmosphere is transparent to visible light the earth and it will result in, what thee call as nuclear winter 


radio waves, but absorbs X-rays. Therefore, X-ray _ on the earth. 
onomy is possible only from satellites orbiting the earth. 
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1. Why did Maxwell introduce the concept of displacement 8. Write one property and one use each of infra-red rays, 
current ? Explain. (H.S.S.C.E21992) ultra-violet rays and radiowaves. (H.S.S.C.E. 2002) 

2. Give a brief history of electromagnetic waves. 9. Give two uses each of the following: 
(PS.S.C.E. 2001, 1999 S, 1991 ; H.S.S.C.E. 1997) (i) Gamma rays (ii) Infra-red rays (ii) Ultra-violet 


radiation. (PSS .C.Ee 2007) 
10. Write down some important applications of different parts 
of electromagnetic spectrum. 


3. What are electromagnetic waves ? Explain in brief. 
4. What do you understand by electromagnetic waves ? Give 


its properties. : (HPS 3 S.C.E. 2002) 11. Show that electromagnetic waves are transverse in nature. 
5. What are electromagnetic waves ? Give its any four (H.S.S.C.E. 2001) 
properties. (P.S.S.C.E. 2001) 12. Explain the ‘green house effect’ of earth’s atmosphere. 
6. Write down the important properties of electromagnetic (HiS;8:C,E. 2002, 2001 ; P.S.S.C.E.. 1991) 
waves. 13. What do you understand by green house effect ? 
7. Whatis meant by electromagnetic spectrum ? Give its four (H.S.S.C.E. 2002) 
uses. (PS.S.C.E. 1999 S) 14. What is the role of ozone layer in the atmosphere ? 


- (H.S.S.C.E. 2002) 


LONG ANSWER QUESTIONS 
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_| FREQUENTLY ASKED 


1. What are electromagnetic waves ? What is the principle of of the electromagnetic spectrum giving the frequency 
their production ? Give a brief account of the history of range and the source of production in each case. 
electromagnetic waves and write down the important 3. How are infra-red rays, ultra-violet rays and X-rays 
properties of electromagnetic waves. produced ? Give their important properties and applications. 


2. What is electromagnetic spectrum ? Name the main parts 


FREQUENTLY ASKED NUMERICAL PROBLEMS 


FOr Pr Chie: wesc 


ye A. On Re Prandaney and Wavelength of of em. waves iiv'vacuum =3x108 ms, 
Electromagnetic waves [Ans. (i) 6 x 10-7 m, (ii) 2:25 x 108 m s7! and (iii) 1-33] 
1. The wavelength of X-rays is 1 A. Calculate its frequency. 4. If absolute permittivity and Lpermeapiily of free space are 
[Ans. 3 x 10!8 Hz] €) = 8-85 x 10-12 C2 N7! m~ and Mp = 4x 10-7 N s? C2. 
2. A radar transmitter generates waves, whose frequency Calculate the velocity of electromagnetic waves. 
is 3 x 10° Hz. What is the wavelength of the waves ? [Ans. 3 x 108 ms] 
[Ans. 0-1 m] 5. In a‘plane‘e.m. wave, the electric field oscillates sinu- 
3. Electromagnetic waves of frequency 5 x 10!4 Hz are passed ' soidally with’a frequency of 2 x 101° Hz and amplitude 
through a liquid. The wavelength of the waves in liquid 48 Vm!. 
is measured to be 4-5 x 10-7 m. Calculate (i) the wavelength (a) What is the wavelength of the wave ? (C.B.S.E. 1990) 
of e.m, waves in vacuum, (ii) velocity of e.m. waves in the (b) What is the amplitude of the oscillating magnetic 
liquid « and (iii) refractive index of the liquid. Given, velocity field?‘ '* ~ TAns. (a) 1-5 x 10-2 m (b) 1-6 x 1077 T] 
‘ 8 
c 53x10 q s 5; tect chaliargeee 
1 v= GIT te 107 =3 x 10° Siz. (iii) ty 01225 % 1085. 
ned 1 
c_ 3x10° 4. Now, ¢= += 
2, A= Fake op = Om ee ela Bp 
219 ()3 AY 1 8 -1 
c | 3%10° lo pe See 3 x 108 ms 
3. (i) Jeasifht = £2S6h (+ 6x10’ m 4010-7 x 8-85x 107 
onis ¥ S*IbD 4 
(ii) v =A, 7 =5 x 10! x 4-5 x 107 5. A=<= hits =1:5x107m 
liquid v 2x 10!0 


= 2-25x 108 ms 
E 48 
Fa eee ee IT 
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Competitive Examination File (Unit V) 
REVISION AT A GLANCE c 


Chapter 1, Electromagnetic waves Y 
O Conduction current. It is the current, which arises due to flow of electrons through the connecting wires in an electri¢ 
circuit. isa ny 


CO Displacement current. It is the current, which arises due to time rate of change of electric flux (p,) in some part of the electric 
circuit. It is given by 


doy tht 
Ip =€) ——, . 
D 0 dt 
where €, is absolute permittivity of free space. 


When a capacitor is charged or a charged capacitor is allowed to discharge, the electric flux between the plates of th 


capacitor changes with time and it gives rise to displacement current between the plates. The current that flows through the 
connecting wires is called the conduction current. 


D 


ea 
O Modified Ampere circuital law. It states that the line integral of magnetic field B over a closed path is equal to u, times the 
sum of the conduction current (I) and displacement current (Ip) threading the closed path. 


3 FS 
Mathematically : f Ear Le [tc + £€ “| 


It is also known as Ampere-Maxwell’s circuital law. 
QO Maxwell’s equations. Following four equations, which describe the laws of electromagnetism are called Maxwell’s 


equation : 
yee, q J, ., ; 

Ll. iE dS= (Gauss’s law in electrostatics) 

Eo 

32 5 

2.9 B.dS=0 (Gauss’s law in magnetism) 
ie doz , nS ; 

3. f B.dl=— igh (Faraday’s law of electromagnetic induction) 
ar do x S aes 

4.9 B.dl=yu|Ic+& “aes (Ampere-Maxwell’s circuital law) 


O Electromagnetic waves. The electric and magnetic fields varying in space and time and propagating through space, such 


that the two fields are perpendicular to each other and perpendicular to the direction of propagation, constitute electromagnetic 
waves. 


1. The electromagnetic waves are transverse in nature. 
2. The velocity of electromagnetic waves in free space is given by 


1 ai 
c= ==3x108 ms! 
Ho Eo 
3. The ratio of the amplitudes of electric and magnetic fields is constant and it is equal to velocity of electromagnetic 
waves in free space. 


4. The electric vector of an electromagnetic wave is responsible for its optical effect. For this reason, the electric vector 
is also called light vector. 

O Electromagnetic spectrum. The orderly distribution of electromagnetic waves (according to wavelength or frequency) in the 
form of distinct groups having widely differing properties is called electromagnetic spectrum. 

The main parts of electromagnetic spectrum are namely : y-rays, X-rays, ultra-violet rays, visible light, infra-red rays, 
heat radiation, microwaves and radio waves. 


O Green house effect. The infra-red radiation trapped by the atmosphere, so as to keep the earth’s surface warm, is called green 
house effect. 


SOMPETITIVE 


NUMERICAL PROBLEMS FROM COMPETITIVE EXAMINATIONS ohh 


Problem 1.01. A capacitor of 2 uF is charged to 20 V 
ind then suddenly short-circuited by a coil of negligible 
-esistance and of inductance 8 wH. Calculate (i) the 
naximum amplitude and (ii) the frequency of the 
resulting oscillation. 

Sol. Here, 2 mF = 2 x 10°F, L= 8 mH = 8 x 10° H 
and E = 20 Vi: 

(i) Maximum charge on capacitor, q) = C E 

: =2x 10 x 20 =40 x 10°C 

When a capacitor is discharged through an 
inductance, the oscillatory discharge is described by the 
>quation, 

9 = 4) sin wt 


1 
Ip =4o OD. = oS 
VbCu. gx 107° x'2x107° 


(ii) Frequency of oscillations, 


The current in LC-circuit during oscillatory discharge is 
given by 


d , 
Is— =, 40 sin wt) = q) w cos wt 


Therefore, maximum amplitude of current during 
oscillatory discharge, 


-6 
Xx 
ehh =10A 


nia T bes 1 
2aJLC 27,/8x10-°x2x10° 
= 3.98 x 104 Hz 


Chapter 1. Electromagnetic Waves 
PART I. TEXT-BASED QUESTIONS (A) E (B) B 
1. The SI unit of displacement current is eas otra AA 
(A) H (B) A (C5 (D) BxE (C.B.S.E. 2002) 
(C) Fm! (D) C 12. Among the following, longest wave is 
2. An electromagnetic radiation of frequency v, wavelength (A) radio wave. (B) y-ray. 
A, travelling with velocity c in air, enters a glass slab of (C) microwave. (D) X-ray. AC.P.M.T. 1982) 
refractive index. The frequency, wavelength and velocity 13. Which of the following has minimum wavelength ? 
of light in the glass slab will be respectively : (A) X-rays (B) Ultraviolet rays 
via c A C (C) y-rays (D) Cosmic rays (C.B.S.E. 2002) 
d d 
(A) Pa a 7” (B) Y i aS 14, Which has the longest wavelength ? 
oy ih (A) Radio waves (B) X-rays 
(C) v,2dand— (D) as “ andc (C) Ultra-violet rays (D) Infra-red rays 
HM cnomeee 15: ete spectrum a between 
-D.0.E. A) radio wave and microwave region. 
3. The speed of electromagnetic waves is independent of (B) microwave and visible region. 
(A) wavelength (B) frequency ‘ty (C) visible and ultra-violet region. 
(C) intensity — (D) medium, in which it travels. (D) ultra-violet and X-ray. (C.E.T. 1998 ; N.C.E.R.T. 1980) 
4. Electromagnetic waves are produced due to 16. The frequency of y-rays, X-rays and ultraviolet rays are a, 
q y y' y’ 4 
(A) a charge at rest. (B) a moving charge. b and c respectively. Then, 
(C) an accelerating charge. (A) a>bse (B) aeeee 
{D), none Of he Dene ’ (CQ) a=b=c (D) a>c>b — (C.B.S.E. 2000) 
Saelnie BAS of electromagnetic waves in vacuum is equal to 17. Red light differs from blue light in its 
(A) _@) Je (A) speed. (B) frequency. 
V£0 Ho a (C) intensity. (D) amplitude. 
1 18. Which of the following statements is wrong ? 
(C) & Mo (D) en (A) Ultra-violet rays have a wavelength longer than infra- 
0 Ho 
red rays. 
. at aati ee (B) LIT (B) Infra-red rays travel with the same velocity as visible 
(Cc) 2T2 (D) L272 fight ; 
1 (C) Infra-red can be focussed by a lens and canbe reflected 
7. The dimensions of — 9 E” (€,: permittivity of free space ; by a mirror just as visible light. 
ee _ 2 (D) Infra-red rays have more heating power than visible 
E: electric field) is : ; 
(A) MLT (B) ML2T2 light rays. (N.C.E.R.T. 1976) 
19. Which of the following represents*-an' infra-red 
(C. MLAT4 (D) ML? T (LLT. 2000) wavelength ? 
S. if nan are as mite” eee ae and are (A) 10am (B)_ 102 an 
permeability in free space, € and uw are the corresponding ie _7 set by 
quantities in a medium, then index of refraction of the (Ce : : (D) 10% cm (NiG-E.R.T. 1975) 
medium is 20. Ozone layer is present in 
(A) troposphere (B) stratosphere 
(Ay (oe sh ee (C) ionosphere (D) mesosphere: _ 
E Uo £9 21. Ozone layer blocks the radiation of wave-length : 
(A) less than 3 x 10-7 m 
le € 
(C) haa (D) z S (C.B.S.E. 1997) (B) equal to3 x 107m 
0 7 
9. An electric charge in uniform motion produces Ooo ae 
(A) an electric field only. (D) none of these. ‘(C.B.S.E. 1999) 
(B) a magnetic field only. 22. Ozone layer above earth’s atmosphere will 
(C) both electric and magnetic fields. (A) prevent infra-red radiation from sun. 
(D) no such field at all. (B) prevent LE red rays reflected from earth from 
(C.P.M.T. 1990, 1983 ; M.N.R. 1988) escaping earth’s atmosphere. 
10. Which of the following statements is a wrong one ? (C) prevent ultra-violet rays from sun. ae 
Electromagnetic waves (D) reflect back radio waves.” (Pre-degrée Kerala, 1992) 
(A) are produced by accelerating charges. 23. What is the cause of “Green house effect"? 
(B) are transverse in nature. (A) Infra-red rays (B) Ultra-violet rays 
(C) travel with the same speed irrespective of the nature of (C) X-rays (D) Radiowaves.(C.B.S.E. 2002) 
the medium. 24. Ozone layer in atmosphere is useful, bedatise it 
(D) travel with velocity of light in vacuum. (A) stops ultra-violet radiation | 
= > : (B) absorbs polluent gases * 
11. If E and B represent electric and magnetic field vectors of 


the electromagnetic waves, then the direction of 
propagation of the electromagnetic waves is that of 


: CHOI fe) E QUESTIONS FROM. COMPETI IVE EXA HIN 


(C) stops green house effect 
(D) stops increase in temperature of atmdsphere- 


“(C.B.S.E. 2001) 


wt 
. 


japter 1. Electromagnetic waves 

1. (B) 2. (B) 3. (C) 4. (C) 5. A) 
3. (C) 12. (A) 13. (C) 14. (A) 15. (B) 
1. (A) 22. (B&C) 23. (A) 24. (A) 

1. (A&C) 32. (B) 33. (B&C) 34. (D) 


The displacement current flows in the dielectric of a 
capacitor, when the potential difference across its plates 
(A) is increasing with time. 
(B) is de reasing with time. 
(C) becomes zero. 
(D) attains a constant value. 
The displacement current is produced across the gap 
between the two plates of a capacitor, when the charge on 
the capacitor 
(A) is zero. (B) decreases. 
(C) increases. (D) does not change. 
If an electromagnetic wave propagating through vacuum 
is described by | 

E=E, sin (kx —- wf) ; B = B, sin (kx —- ot), 


then 

(A) E,k=B,o@ (B) E,Bj)=@k 

(C) E,o=Byk (D) E, B, =@/k 

Which of the following is independent of wavelength ? 
(A) k (B) @ 

(C) wk (D) k/a@ 


. A magnetic field can be produced by 


(A) a charge at rest only. 

(B) a moving cahrge only. 

(C) achanging electric field. 

(D) both by (B) and (C). 

Which of the:following pairs of space and time varying 
Eand B fields would generate a plane electromagnetic wave 
travelling along the Z-direction ? 


31. 


32. 


33. 


34. 


6. (D) 
16. (A) 
25. (A&B) 26. (B& C)27. (A) 


Ay 
(OL EB, 
In a plane electromagnetic wave, which of the following 
have zero average value ? 

(A) magnetic field (B) magnetic energy 

(C) electric field (D) electric energy. 

A uniform but time-varying magnetic field B(é) exists in 
a circular region of radius a and 
directed into the plane of the 
paper as shown. The magnitude 
of the induced electric field at 
point P at a distance r from the 
centre of the circular region 

(A) is zero 

(B) decreases as 1/r 

(C) increases as r 

(D) decreases as 1/17. 


(L1.T. 2000) 
Let [€,] denote the dimensional formula of the permittivity 
of the vacuum and [,] that of the permeability of the 
vacuum. If M = mass, L = length, T = time and I = electric 
current, 
(A) le SM bore) lel=M tLe re 
(C) [al =MLT 212 (D) al=Mi2TI1 

(LIT. 1998) 
Finger prints on a piece of paper may be detected by 
sprinkling flourescent powder on the paper and then 
looking it into 
(A) dark light 
(C) Infra-red light 


(B) sun-light 
(D) ultra-violet light 


ERS-TO-MULTIPLE CHOICE. QUESTIONS 


8. (D) Se) 10 (@) 
18. (A) 19sN (A) 20. (B) 
28. (D) 29D) 30. (A & B) 


7. {C) 
17. (B) 
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"4. Refraction of Light 
))) Dispersion 

EY) Optical Instruments 
))_)) Huygens’ Principle 
»))> Interference of Light 
Diffraction of Light 
Polarisation of Light 
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Refraction of L 
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gee 1.01. REFRACTION 


In a homogeneous medium, light travels along a straight path. But when a ray 
of light travels from one transparent medium into another, it bends while crossing 
the surface separating the two media. 

The phenomenon of change in path of light as it goes from one medium to another is 
called refraction. 

When the ray of light passes from an optically rarer medium to a denser 
medium, it bends towards the normal and when it travels from a denser medium 
to a rarer medium, it bends away from the normal. Fig. 1.01 shows a surface XY 
separating two transparent media — air (a) and glass (b). The ray of light travelling 
along AO in air (optically rarer medium) enters glass (optically denser medium) at 


point O. From its straight path AO, it bends towards the normal NON’ and travels — 
along the path OB. The rays AO and OB are called incident ray and refracted ray — 
respectively. The angle between the incident ray and the normal denoted byiiscalled | 


angle of incidence, while the angle between refracted ray and the normal denoted 
by r is called angle of refraction. 
gue 1.02. LAWS OF REFRACTION 


The phenomenon of refraction takes place according to the following two 
laws : 

1. The incident ray, the normal to the refracting surface at the point of incidence and 
the refracted ray — all lie in the same plane. 

2. The ratio of the sine of the angle of incidence to the sine of the angle of refraction is 
constant for the two given media. This constant is denoted by and is called the relative 
refractive index of medium b (in which refracted ray travels) w.r.t. medium a (in 
which incident ray travels). 

i TT 1.01) 
sin r 

This law is also called Snell’s law of refraction. 

The value of relative refractive index of a medium b w.r.t. a depends on 

(i) the nature of the pair of media a and b and 

(ii) the wavelength (colour) of the light. The refractive index of a medium is greater 
for violet light (shorter wavelength) than that for red light (longer wavelength). 

If mediuma is vacuum (or air), then the constant ratio given by equation (1.01) 
is called the absolute refractive index of medium b. 

The absolute refractive index of a medium can be defined in another way also. 
It is found that light travels with maximum velocity c (= 3 x 10° m s“!) in vacuum 
and in any other transparent medium, light travels with velocity v, such that v <c. 

The ratio of the velocity of light in vacuum to the velocity of light ina medium is called 
absolute refractive index of the medium. 

Thus, absolute refractive index of the medium, 


_ velocity of light in vacuum (c) (1.02) 
~ velocity of light in medium (v) ld 


A medium having a larger value of refractive index is called optically denser, 
while the one having a smaller value is said to be optically rarer. 
Note. The refractive index of a medium is also denoted by the let 
gu 1.03. PRINCIPLE OF REVERSIBILITY OF LIGHT 


It states that if light after suffering any number of reflections and refractions has its 
final path reversed, it travels back along the same path in the opposite direction. 


631 


Key point Stet ay waaas 


When light travels from air to a medium 
of refractive index yu, its wavelength 
decreases by a factor i.e. becomes A/u, 
while the frequency remains the same. 


interface XY separating rarer mediuma (air) from the denser medium b (water). After 


refraction, the ray of light proceeds along path OB. Leti and r be angle of incidence 
and angle of refraction respectively. Ifa plane mirror M is placed so that the refracted 
ray OB is normal to it, then it will be reflected back along BO. At point O, it will 
suffer refraction, so as to emerge along OA as shown in Fig. 1.02. Thus, if the path 
of light is reversed, it retraces its whole path in the opposite direction. 
The principle of reversibility of light leads to a very useful result as obtained 
below : 
When light travels from medium a to medium J, then the relative refractive 
index of medium b w.r.t. medium a is given by 
A sini 
bie 
sin r 
On reversing the path, the light travels from medium b to medium a and 
likewise r is the angle of incidence and i is the corresponding angle of refraction. 
Therefore, relative refractive index of medium a w.r.t. medium b is given by 


b sinr 


(1.03) 


Ha= mane ...(1.04) 
Multiplying the equations (1.03) and (1.04), we have 
Cag Xe 
sinr sini 
1 
or “Up aia wie ...(1.05) 


a 

It follows that the refractive index of the medium b w.r.t. the medium a is equal to 
the reciprocal of the refractive index of the medium a w.r.t. the medium b. 

mm 1.04. LATERAL SHIFT 

Consider a glass slab bounded by parallel faces XY and X’Y’ and of thickness 
t as shown in Fig. 1.03. Aray of light travelling in air along the path AO gets incident 
on the face XY at the angle of incidence. On refraction into glass (denser medium), 
it bends towards normal NON’ and travels along the path OQ inside the glass, such 
that r is the angle of refraction. 

Since the two faces of the glass slab are parallel, the refracted ray OQ strikes 
the surface X’Y’ at the angle of incidence r. On refraction into air, the ray of light 
bends away from the normal MOM’ and travels along the path QB in the air, such 
that i is the angle of refraction. Obviously, the emergent ray QB is parallel to the 
incident ray AOL. From the point Q, drop OK perpendicular to the initial path 
AOL. Then, OK = d, is called the lateral shift produced by the glass slab in the 
path of the light. 

Thus, the perpendicular distance between the incident ray and the emergent ray, when 
the light is incident obliquely on a parallel sided refracting slab, is called lateral ath 

In right angled AOKQ, ZKOQ =i-r ‘ 


sin (i-1r) = ees 
OQ OQ 
or d=OQ sin (i-r) 
From right angled AON’Q, we have 
ON’ t 
cos r= =—_ 
OQ OQ 
or OO= f 
cos r 
Substituting for OQ, we have 
d= sin (i — r) 
ae ..(1.06) 


It may be pointed out that the lateral shift produced by a glass slab increases 
with 
(i) increase in the thickness of the glass slab, 
(ii) increase in the value of the angle of incidence and 


(iii) increase in the refractive index of the slab. 
| 


]e-=== =e === 4 


slab having parallel faces, it is dispersed 
into its constituent colours also, as it 
undergoes refraction at the first face. 

However, the constituent col 


recombine to produce white light, when 
‘refraction takes place at the second face 
of the glass slab, Ce 


.1.05.REFRACTION THROUGH MULTIPLE REFRACTING ME DIA 
Consider a compound plate of two media b (water) and c (glass) bounded by 
parallel faces and placed in the medium a (air) as shown in Fig. 1.04. Suppose that 
a ray of light AO travelling in medium a is incident at point O on the surface 
separating the two media a and b. It is refracted along OQ in medium b, such that 
iis the angle of incidence and rj, the angle of refraction. Then, 

sini 


...(1.07) 


“Hb == 
. sin | 
Now, the ray of light OQ meets the surface separating the two media b and c 
at angle of incidence 1}. It is, then, refracted along OR in medium c, such that r, is 
the angle of refraction. Then, 
b sin Y 
.= 


Sic: ...(1.08) 
sin 1 ’ : 

Finally, the ray of light QR strikes the surface separating the media c and a at 
point R, such that r, is the angle of incidence. The ray of light, then emerges along 
path RB in medium a. As the various interfaces are parallel, the angle of emergence 

will be equal to i. Therefore, 
Cppy eeael ...(1.09) 

sini 
Multiplying the corresponding sides of the equations (1.07), (1.08) and (1.09), 

we have 


eup rye pae a. opie 
sint, sin’ sini ' 
1 u 
or “Myx U, = = [ —= “| 
Ha Ha 
or *U.= “Ux aT ...(1.10) 


gas 1.06.REAL AND APPARENT DEPTHS (NORMAL SHIFT) 

As a consequence of refraction, the depth of an object lying inside an optically 
denser medium appears to be less than its real depth. 

Suppose that the surface XY separates medium a (air) and medium b (water 
or any other transparent liquid). Let O be a point object lying inside the liquid [Fig. 
1.05]. A ray of light OA incident along normal to the surface of the liquid, will be 
refracted as such along AL. Another ray of light OB, on refraction into air, bends 
away from the normal along BC. The two refracted rays appear to come from the 
point I. Therefore, the object, though lying at depth AO, appears to be at depth Al. 
Accordingly, AO the real depth and AI is called apparent depth of the object O. 

Suppose that Z OBN’ = i and 2 NBC = r. Then, refractive index of medium a 
(air) w.r.t. medium b (water) is given by 


b sin 1 
ae maak 
sin r 
: a 1 
Since Hy=p 7’ we have 
Ha 
“Wy, = ALA) 
sini 


Now, 2ZAOB=ZOBN’=i 
Therefore, from the right angled A OAB, we have 


sin 1 = — . \ 
wa Palate 


Also, ZVAIB=4NBC=r 
Therefore, from the right angled A IAB, we have 


: AB 
sin r= — 
Jagihege 433 
Substituting for sin i and sin r in equation (1.11), we have 
a AB/IB _ OB 


Mb KB/OB IB 


the eye only if joa B lies cere to the ate A. In such a anata 
OB = OA, the real depth of the object 
and IB = IA, the apparent depth of the object 
OA ___ real depth 


wll d2) 


Therefore, * 
rere. bs TA. ~ apparent depth 


The object appears to be raised from its real position O to its apparent position 
I. The distance OI through which the position of the object appears to be raised, is 
called normal shift and it is denoted by d. Therefore, 


anv seems 
normal shift, d=OA-IA Key point , v 


object placed in a denser medium depen 
upon the value of its refractive index (“). 

: | 1 The higher is the value of yz, greater is the 
or =i, | === ; 


) The apparent shift (d) in the position « of an 


(1.13) apparent shift d. 


soft bake ‘yee 


It may be pointed out that the normal shift in the position of the object depends 
upon 
(i) the real depth of the object i.e. the thickness of the refracting medium and 
(ii) the refractive index of the refracting medium. 
mae 1.07. TOTAL INTERNAL REFLECTION 


Consider a surfacc XY separating the rarer medium a (air) from the denser ~~ 
medium b (water) as shown in Fig. 1.06. A ray of light OA from the object O in denser 
medium incident normally on the surface of separation, gets refracted into the rarer _ 
medium as such along AL. Another ray of light incident along the oblique path OA, 
is refracted away from the normal along the path A,B, in the rarer medium. As 
the angle of incidence is increased, the angle of refraction (in air) also goes on © 
increasing, till for a certain angle of incidence C, called the critical angle, the 
refracted ray grazes along the surface of separation i.e. angle of refraction becomes ___ 
just 90°. 

If the angle of incidence is further increased, there will be no refracted ray.A _. 
ray, such as OA, incident at an angle greater than the critical angle, gets reflected = __ 
along A,B, according to the laws of reflection. This phenomenon is called total 
internal reflection. 

Therefore, total internal reflection may be defined as the phenomenon of reflection of 
light that takes place, when a ray of light travelling in a denser medium gets incident at the 
interface of the two media at an angle greater than the critical angle for that pair of media. 


Critical angle. The critical angle for a pair of media may be defined as the angle of WY¢eAVRyeyi\ co 


incidence in the denser medium, for which the angle of refraction in the rarer medium is 


90°. For total internal reflection to take place, 
Thus, for the total internal reflection to take place, following conditions should _ he ray of light should travel from optically 
be obeyed : denser to rarer medium and the angle of 


incidence must be greater than the value of 


1. The ray incident on the interface should travel in optically denser medium. = ‘ s 
critical angle for the pair of two media. 


2. The angle of incidence should be greater than the critical angle for the given pair 
of media. 
Relation between refractive index and critical angle. According to Snell’s law, 
refractive index of rarer medium (a) w.r.t. denser medium (b), 


b sin 1 


Ha =— ...(1.14) 
sin r 
When the ray of light is incident at critical angle i.e. 
when 12[@ n= 902 
Setting the above condition, equation (1.14) becomes 
in C 
. a= isi =sin C 
sin 90° 
b 1 
But Har a 
Lp 
Therefore, refractive index of medium b w.r.t. medium a is given by 
1 
p= : fom BY 3) 


sin C 
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light in to j 
of light is absorbed. In view 
otally reflecting prisms” are used in optical instruments in order to change the path 


gg 1.08. PRACTICAL APPLICATIONS OF TOTAL INTERNAL 
REFLECTION 

The phenomenon of total internal reflection is made use of in a number of 
yptical instruments. Moreover, it can be used in explaining many daily life 
»bservations as discussed below : 

1. Totally reflecting prisms. An isosceles right angled glass prism having angles 
15°-90°- 45° can be used to deviate a ray of light through 90° or 180°. Such a glass 
prism deviates the ray of light through 90° or 180° making use of the phenomenon 
sf total internal reflection and likewise such prisms are called totally reflecting 
prisms. 

For glass (“pg = 1:5), the value of critical angle is about 42°. When a ray of light 
is incident normally on its any refracting, surface, it passes through that face as such 
and comes to incident on the other face of the prism at a angle of incidence of 45°. 
Since the value of the angle of incidence is greater than 42°, the ray of light undergoes 
total internal reflection. By making light to fall on a side face or the hypotenuse face, 
the ray of light can be deviated through 90° or 180° as explained below : 

(a) To deviate a ray of light through 90°. Consider that a ray of light from point 


P is incident normally on the side face AB of anisosceles right angled glass prism : 


[Fig. 1.07]. The ray of light passes into the glass prism along PQ as such** and comes 
to meet the hypotenuse face BC of the prism at point Q. Since the angle of incidence 
is 45° i.e. greater than the critical angle for glass-air interface, it suffers total internal 
reflection at point Q on face BC. After total internal reflection, the ray of light comes 
to meet the side face AC at right angle and is refracted out of the prism as such along 
QR. It foliows that the path of the ray has been deviated by the prism through 90°. 

A totally reflecting prism is used to deviate the path of the ray of light through 
90°, when it is inconvenient to view the direct light. In Michelson’s method to find 

_velocity of light, the direct light from the octagonal mirror is avoided from direct 
viewing by making use of totally reflecting prism. 

(b) To deviate a ray of light through 180°. Fig. 1.08 shows a ray of light incident 
normally on the hypotenuse face BC of the 45°-90°-45° glass prism. The ray of light 
is refracted into the prism as such along PQ, suffers total internal reflection firstly 
at point Q on side face AB and then at point R on the second side face AC of the 
prism. When the ray of light comes to meet the hypotenuse face BC at right angles 
to it, it is refracted out of the prism as such along the path RS. The path of the ray 
of light has been turned through 180° due to two total internal reflections. 

By deviating a ray of light through 180°, totally reflecting prisms are used in 
prism binoculars to produce an erect imaget or to correct for lateral inversion. * 

The totally reflecting prisms have following advantages over the silvered plane 
mirrors : 

(i) A reflecting prism does not require any silvering. 

(ii) A silvered plane mirror always absorbs some light. In a good mirror, the 
reflection of light is about 90-95%. However, in a reflecting prism, almost 100% 
reflection is secured. 

(iii) A thick plane mirror causes multiple reflections. Therefore, alongwith the 
image produced due to the first reflection at the silvered surface, several other 
images are produced due to subsequent multiple reflections. Obviously, the image 
formed is not very bright. Since in a totally reflecting prism, only one image is 
formed, hence the image obtained is very bright. 

(iv) With the constant use of the mirror, its silvered surface may go bad. Then, 
the mirror will produce an image of a very poor quality. A reflecting prism is free 
from such a trouble. 

(v) Due to imperfect and non-uniform silvering of the mirror, the image 
obtained with a mirror is often a distorted one. 


* Refer to Section 1.08. 
**When a ray of light is incident normally, i = 0°. According to Snell’s law, r is also 0°. 
+For details, refer to SAQ 1.18. 


on a hot day. The object such’ ppears verted and the o server gets the " 


impression as if the inverted image has been formed by a pool of water. This 
phenomenon is known as mirage. 

Due to intense heat, the surface of earth becomes quite hot and the temperature of air 
near the surface of earth is maximum. The temperature of the other layers of the air goes on 
decreasing as one goes up. Therefore, density as well as refractive index of the air 
increases slightly for higher layers. Thus, a ray of light travelling from point O of 
a tree [Fig. 1.09], passes through air of gradually decreasing refractive index and is 
therefore refracted more and more away from the normal and accordingly the angle 
of incidence goes on increasing. At a layer, when the angle of incidence becomes 
greater than the critical angle, total internal reflection takes place. Then, the ray of 
light starts traversing layers of increasing refracting indices and goes on bending 
more and more towards the normal. Ultimately, when the ray reaches the eye of the 
observer, it appears to be coming from the point I. Hence, the inverted image of the 
tree produces the impression of reflection from a pool of water. 

3. The brilliance of diamonds and other precious stones. The refractive index 
of diamond is 2-47 and the critical angle for diamond-air interface is 23° only. Due 
to the low value of critical angle, a diamond can be cut so as to have a large number 
of faces, such that a ray of light on entering it from one face undergoes repeated total 
internal reflections from other faces. As a result, the faces through which the light 
emerges, shine very brilliantly. 

4. Optical fibres. In 1870, John Tyndall, a British physicist, demonstrated that 
light could be made to follow curved path along a thin stream of water coming out 
of a water tank. This effect was made use of in illuminated fountains. The light 
follows curved path as it suffers a series of total internal reflections. 

Optical fibres are used to transmit light from one place to the other along curved 
pth in a more effective manner. The optical fibres consist of thousands of strands 
of a very fine quality glass or quartz of refractive index about 1-7 or so. The thickness 
of a strand is about 10 cm. The strands are coated with a layer of some material 
of lower refractive index (about 1-5). The ends of the strands are polished and 
clamped firmly after aligning them carefully. 

When light is incident at a small angle at one end, it gets refracted into the 
strands (or fibres) and gets incident on the interface of the fibres and the coating. 
The angle of incidence being greater than the critical angle, the ray of light undergoes 
total internal reflections [Fig. 1.10]. It suffers the internal reflections again and again*, 
till the angle of incidence remains greater than the critical angle for the fibre material 
w.r-t. coating. Each fibre acts as a pipe and such a bundle of fibres can be used to 
convey images along paths of any shape. It may be pointed that the optical fibre does 
not bend light. Instead, light follows the zig-zag path through the fibres. 

Uses. Optical fibres have been found to be of great use. A few applications of 
optical fibres are as listed below : 

(i) The optical fibres are used in the field of communication and the computers. 
They are used for transmitting and receiving electrical signals, which are 
converted into light. , 

(ii) The optical fibres are used for transmitting the optical signals and the two 
dimensional pictures. 

(iii) The optical fibres are used for making medical investigations. Using an 
optical fibre, a doctor can visually examine the inside of the stomach, 
intestine, etc. It is called endoscopy in medical science. 

(iv) The optical fibres in the form of photometric sensors are used for measuring 
the blood flow in the heart. 

(v) The optical fibres in the form of refractometers are used to determine the 
refractive indices of liquids. 

(vi) The optical fibre sensors have been used to measure temperature and 
pressure. 


Mm 1.09. SPHERICAL REFRACTING SURFACE 
The portion of a refracting medium, whose curved surface forms the part of a sphere, 
is called spherical refracting surface. 


*A ray of light inclined at 30° to the axis of the fibres undergoes 22700 reflections per metre. 
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The spherical r g surfaces are of two types : 
(a) Convex spherical refracting surface. The spherical refracting surface convex 
cowards the rarer medium is called convex spherical refracting surface [Fig. 1.11]. 

(b) Concave spherical refracting surface. The spherical refracting surface 
concave towards the rarer medium is called concave spherical refracting surface 
[Fig. 1.12]. 

Following terms are related to the study of refraction from spherical refracting 
surfaces : 

1. Pole. The centre of the spherical refracting surface is called its pole. It is denoted 
by P. 

2. Centre of curvature. The centre of the sphere of which the curved surface forms a 
part is called its centre of curvature. It is denoted by C. 

3. Radius of curvature. The radius of the sphere of which the curved surface forms 
a part is called its radius of curvature. It is denoted by R. 

4. Aperture. The diameter of the spherical refracting surface is called its aperture. The 
line joining the points X and Y represents the aperture of the spherical refracting 
surface. 

5. Principal axis. The line passing through the pole and the centre of curvature of 
the spherical refracting surface is called its principal axis. 


gu 1.10.NEW CARTESIAN SIGN GONVENTIONS AND ASSUMPTIONS 


As in the case of spherical mirrors, the refraction from spherical refracting 
surfaces will be discussed using the new Cartesian sign conventions. 

New Cartesian sign conventions. 1. All the distances are measured from the pole 
of the spherical refracting surface. 

2. The distances measured in the direction of the incident light are taken positive 
and those measured in the direction opposite to the direction of incident light are taken as 
negative. 

To study refraction from the spherical refracting surfaces, we make the 
following assumptions : 

Assumptions. 1. The aperture of the refracting surface is small. 

2. The object is a point object situated on the principal axis. 

3. The incident and the refracted rays make small ae with the principal axis. 


Pe REFRACTION AT CONVEX SPHERICA SURFAC 


Consider a convex spherical refracting surface of absolute refractive index }y 
placed in an optically rarer medium of absolute refractive index #/,, such that the 
convex surface is towards the rarer medium. Let P be its pole, C the centre of 
curvature and PC, the principal axis of the convex spherical refracting surface. 

(a) When object lies in the rarer medium and image formed is real. Let O 
be a point object in the rarer medium and situated on the principal axis. A ray 
of light OP incident normally on the refracting surface along the principal axis, passes 
undeviated into the denser medium. Another ray of light OA incident at point A 
at an angle of incidence?, gets refracted towards the normal CAN’. Letrbe the angle 
of refraction. The two rays meet at a point I on the principal axis and therefore I 
is the real image of the point object O as shown in Fig. 1.13. 

Let ZAOP = a; ZAIP =f and ZACP = 

From the pointA, drop AN perpendicular to the principal axis of the spherical 
refracting surface. From triangle AOC, we have 

i=at+y (1.16) 

Since aperture of the spherical refracting surface is small, the point A will be 
close to the point P and hence angles @, Bandy will be small. As such, these angles 
may be replaced by their tangents. . 

Therefore, equation (1.16) may be written as 

i=tana+tany ea a eg 
From right angled triangles ANO and ANC, we have 


aN and tan ally 

~ NO Y“'NC 

Substituting for tan a and tan @ in equation (1.17), we have 
AN | AN 


i= t 
NO NC 


...(1.18) 
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Again, as aperture of the refracting surfa 
point P, the pole of the refracting surface. Therefore, 
NO = PO and NC = PC 
Therefore, equation (1.18) becomes 


i ey (1.19) 
ror Te 
Now, from triangle ACI, y =r + B 
or r=y-B 
Since angles £ and y are small, we have 
r=tany—tanpB ..(1.20) 
From right angled triangles ANC and ANI, we have 
AN AN 
tan y =— = —— 
NCA PC 
AN AN 
t; af yp 
ae an RR Ay 
Substituting for tan B and tan y in equation (1.20), we have 
AN AN 
ae ge sollte 
i pugs Sad 


If is relative refractive index of the denser medium (Hy ) w.r.t. the rarer 
medium (y/,), then 


LU v1 sin 1 
ee ee 
Ly sin r 
or Hy sini =p sinr 
Since the angles i and r are also small, the above equation becomes 
Wy = Hor 


From equations (1.19) and (1.21), substituting the values of i and r, we have 
neal mle 
ROG. BO 
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i PO PC PC” PL 
or Pl 22 ee ed wh GV #4) 
PCr Ss. Et ine 
Applying new cartesian sign conventions : 
PO=-u (- distance of object is against incident light) 
Pl=+v (.., distance of image isalong incident light) 


PC=+R 
(-. distance of centre of curvature is along incident light) 
Therefore, equation (1.22) becomes 
od oie Li Ley 
—u +v +R 


ni tee Hoda, vp 23) 


u v R 
The equation (1.23) connects u,v and R to the absolute refractive indices of 
the material of the refracting surface and that of the rarer medium. 
The above formula can be expressed in another formas given below : 
Dividing both sides of equation (1.23) by y1,, we have 
1 Me/ Hy _ Ho/ my -1 
u v R 
Since f>/H, = ut, we have 
a hale HigaL 
uieouwv R 
(b) When object lies in the rarer medium and image formed is virtual. When 
an object is situated in rarer medium very close to the convex spherical refracting 
surface, its virtual image is formed in the rarer medium. 
Let O be a point object in rarer medium and situated on the principal axis and 
close to the pole of the refracting surface. A ray of light OP incident normally on 
the refracting surface along the principal axis, passes undeviated into the denser 


nowy 


‘um. Another ray of lig ent at point A at an ang] gets 
-efracted towards the normal CAN’. Let rbe the angle of refraction. The two rays 
do not meet but appear to come from the point Ion the principal axis, and therefore 
I is the virtual image of the point object O [Fig. 1.14]. 

Let Z AOP =a; Z AIP=f and Z ACP =y 

From the pointA, drop AN perpendicular to the principal axis of the spherical 
refracting surface. 

From triangle AOC, 

i=at+y 


; AN AN 
or i=tana+tany =——+—— 
NO NC 
As aperture of the refracting surface is small, it follows that 
NO = PO; NC = PC 


* i= an +: aN (1.24) 
PO’ PC A WE 
From triangle AIC, r = Bpt+y 
Now, angles f and y are small. Therefore, we may write 
r=tan B+tany= NT + mC 
Again, as the aperture of the refracting surface is small, 
NI = PI; NC = PC 
Lie ah ‘g aalbay « (1.25) 
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If pis relative refractive index of the denser medium (}/,) w.r-t. the rarer medium 
(1), then 


ip Ha hon, 
if My ns sin r 
or py sini =p sinr 
Since the angles i and r are small, we have 


Hyi=HoT 
From equations (1.24) and (1.25), substituting the values ofi andr in the above 
equation, we have 


(aw, AN). (AN AN) 
H\po* pe) '2\ pr PC 
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From new cartesian sign conventions : 


or 


PO=-u (.- distance of object is against incident light) 
Pl=-y (.. distance of image is against incident light) 
PC=+R 


(.. distance of centre of curvature is along incident light) 
Therefore, equation (3.26) becomes 


Ls ag sr i | (1.27) 


or = ag ea ar eo RR Pe 


The above relation can be expressed in another form as follows : 
Dividing both sides of equation (1.27) by #4, we have 
_ 1, Hel _ bof hia! 
u v R 
PNp Spl 
3 SS 
a av R 
(c) When object lies in denser medium. Let O be a point object in denser 
medium and situated on the principal axis. A ray of light incident normally on the 
refracting surface along the principal axis, passes undeviated. Another ray of light 
OA incident at point A at an angle of incidence i ; after refraction, bends away from 


from poin 
object O as shown in Fig. 1.15. 


tI on the prin 


th 


cipal axis and therefore I is the virtual image of 


Let ZAOP=a; Z AIP=8 
and ZACP = y 
From the point A, drop AN perpendicular to the principal axis of the spherical 


refracting surface. From triangle AOC, we have 


a=ity 
or _-i=a-y 
Since angles a and y are small, we may write 
: AN AN 
1=tan @ — tan y = —— — —_ 
NO NC 


Again, as aperture of the refracting surface is small, NO ~ PO and NC = PC. © 


Therefore, the above equation becomes 


uPOw. PC (1.28) 
Now, from triangle ACL B=r+y or r=B-y 
As said earlier, as the angles 8 and y are small, they can be replaced by their 


tangents. 


then 


AN AN 
= tan B — tan y = —— ———~ he 
r=tan B-tany NI ONC (1.29) 
Since NI = PI and NC = PC, we have 
fe -ANC AN 
ae Me ae 
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If y is relative refractive index of denser medium (v2 ) w.r.t. rarer medium (4) 


Hp Sing Mena Ae 
Ly Wend or fy SIN1 = py sini 
Since i and r are also small, we have 
My i=pyr 
From equations (1.28) and (1.29), substituting fori andr in the above equation, 


L= 


we have 
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Applying new cartesian sign conventions : 
O=-u (.. distance of object is against the incident ray) 
PI=-v (..; distance of image is against the incident ray) 
PC=-R 


(- distance of centre of curvature is against incident ray) 
Therefore, equation (1.30) becomes 


Lad eM AP Pe a 


Pu GRY =R 
or) Ew Lea ee (1.31) 
u R 


v 
The above relation may be expressed in another form as given below : 


Dividing both sides of the equation (1.31) by py, and replacing Pe by , we 
Hy 
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Note. 1. In case, the object is situated in rarer medium so that the incident ray ; 
travels in rarer medium and the refracted ray travels in denser medium, then as. 


obtained in section 1.11 (a) and 1.11 (b), the relation between , Uv, R, yy and ji, is 


LON ia) (1.32) 
u v R 
2. In case, the object is situated in denser medium, so that the incident ray travels 
in denser medium and refracted ray in rarer medium, then as obtained in section 
1.11 (0, the relation between u, v, R, 4, and p, is 


Cea i (433) 


ba A Oa R 
Jt may be noted that the equation (1.33) can be obtained from equation (1.32) 


_ by simply interchanging #4; and >. i 
fe HA 


3. The factor is called power of the spherical refractin 


‘the measure of the degree to which the refracting surface can converge OF diverge 
the rays of light passing through it. 
gum 1.12. REFRACTION AT CONCAVE SPHERICAL SURFACE 

Consider a concave spherical refracting surface of absolute refractive index 
Hy placed in an optically rarer medium of absolute refractive index p/,. Let P be 
pole ; C, the centre of curvature and PC, the principal axis of the spherical 
refracting surface. 
Let O be a point object in the rarer medium and situated on the principal axis. 
A ray of light OP incident normally on the refracting surface along the principal 
axis, passes undeviated into the denser medium. Another ray of light OA incident 
at the point A at an angle of incidence i is refracted towards the normal CAN’. Let 
rbe the angle of refraction. The two rays AQ and OP appear to come from the point 
Ion the principal axis and therefore I is the virtual image of the point object O as 
shown in Fig. 1.16. 
From triangle AOG, Ga thy 
or i=a-y 
Since anglesa andy are small, they can be replaced by their tangents. Therefore 
. AN AN 
=tana—tanY=5 7 NC 


NC 
As aperture of the spherical refracting surface is small, NO= PO and NC= PC. 


oan 0.34) 
Pow PC 
From triangle AIC, B=r+y7 
or r=B-y 


Again angles B and y are small. Therefore, 
r=tan B—tan epeneeg | 
i Y"NI_NC 


As aperture of the spherical refracting surface is small, NI = Pland NC ~ BC 
AN 


a a (1.35) 
Pr Pc a OR 


If p is the relative refractive index of the denser medium (p1,) wrt. the rarer 
medium (y,), then 


_ Hp _ sini eh . 
fe Gare or ceri sin i= fy sinr 
Since the angles 1 and r are small, we have 
Hy t= Mor 


From equations (1.34) and (1.35), substituting the values ofi andr in the above 
equation, we have 


(AN -a8)- (AN aX) 
HINES pe. 7 UPL PC 


BE _ Hy 2 Ha (1.36) 
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From new cartesian sign conventions : 
PO =-u,PI=-v,PC=-R 
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The above relation can be expressed in another form as given below : 


or Clay) 


Dividing both sides of equation (1.37) by #, and setting = =, we have 
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fag 1.13. LENS MAKER’S FORMULA 

The lens maker’s formula relates the focal length of a lens to the refractive 
index of its material and the radii of curvature of its two surfaces. This formula is 
used to manufacture a lens of particular focal length from the glass of given 
refractive index. For this reason, it is called lens maker’s formula. 

To derive lens maker’s formula, we make the following assumptions and 
adopt new Cartesian sign conventions : 

Assumptions. 1. The lens is thin, so that the distances measured from the poles of 
two surfaces of the lens can be taken as to be the same as the distances measured from the 
optical centre of the lens. 

2. The aperture of the lens is small. 

3. The object is a point object situated on the principal axis. 

4. The incident and refracted rays make small angles with the principal axis. 

New cartesian sign conventions. 1. All the distances are to be measured from 
the optical centre of the lens. 

2. The distances measured in the direction of the incident ray are taken as positive and 
those measured in the direction opposite to the incident ray are taken as negative. 

Consider a convex lens made of material of absolute refractive index Hy and 
placed in an optically rarer medium of absolute refractive index #4. Let P, and P, be 
the poles ; C, and C,, the centres of curvature and R, and R,, the radii of curvature 
of the two surfaces XP, Y and XP.Y of the lens respectively. Let C be the optical 
centre of the lens. 

Suppose that Oisa point object placed on the principal axis of the lens [Fig. 1.17]. 


Fig. 1.17 , 


The surface XP,Y forms the real image I, (assuming that material of the lens extends 
beyond the face XP,Y as such). It can be obtained* that 


felling! al tony lag” a ad 


(1.38 
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*Refer to section 1.11. The equation (1.38) is same as the equation (1.22) obtained in section 
1G : 


Since lens is thin, the point Fy ery 
herefore, we may write , 
P,O=CO;P,1,= Cl 

and P,C, = CC 

Therefore, equation (1.38) becomes 

Baye Bo. 27 Hy 
CQO), Cl, CC; 

Let us now consider refraction from the other surface XP,Y of the convex lens. 
Actually, material of lens does not extend beyond the surface XP, Y. Therefore, before 
he refracted ray from pointA, could meet the principal axis, it will suffer refraction 
t the point A, on the second burface XP, Y and the ray of light will actually come 
© meet the principal axis at the point I. Thus, point I may be considered as the real 
mage of the virtual object I, ( placed in the material of the lens) as formed due to 
‘efraction from the surface XP,Y of the lens. It can be deduced that 


Ho ie Hy H2-l1 
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Ply "Pal = Px ...(1.40) 
Again as the lens is thin, we may write 
Ppl, = Cl, Ppl = CI and PC, = CC, 
Therefore, equation (1.40) may be written as 
Has. a, 2 ol 
Ch; Glass (1.41) 
Adding equations (1.39) and (1.41), we have 
Jad ‘gl pn eat ie Sehs cE H2-hMy 
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Applying new cartesian sign conventions : 
CO=-u (.. distance u is against the incident ray) 
Cl =e. (.. distance v is along the incident ray) 
CC, =+R, 
(-- radius of curvature R, is along the incident ray) 
and CC, =-R, 


(.- radius of curvature R, is against the incident ray) 
Therefore, equation (1.42) becomes 


1 1 
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Dividing both sides of the above equation by #1, we have 
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Since —+ = LL, we have 


My 
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First principal focus and the focal length. First principal focus is the position of RR 


the object on the principal axis of the lens, for which the image is formed at infinity. It is F 
denoted by point F, [Fig. 1.18]. i 
The distance between optical centre and first principal focus is called first principal 
focal length of the lens. It is denoted by f,. Thus, : 
if u = CF, =—f;, then v= © 
Setting the above condition in equation (1.43), we have 


1 “ 1 i 
$= (p-1)| —-=- 
. re) (u (z. Pa 


or tau-0(2-2) ...(1.44) 


Second principal focus and the fecal length. Second principal focus is the position — 


of the image on the principal axis of the lens, when the object lies at infinity. It is denoted 
by point F, as shown in Fig. 1.19. 

The distance between optical centre and second principal focus is called second 
principal focal length of the lens. It is denoted by f,. 

Thus, if u=,v=CF,=+f, 

Setting this condition in equation (1.43), we have 
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From the equations (1.44) and (1.45), it follows that two principal focal lengths 
of a lens are equal i.e. 


f =f, =f (say) 
Therefore, the equation (1.44) or (1.45) may be written as 


1 1 1 
= =(u-D [2-2] (1.46 
f R; Ry foe 
The equation (1.46) is called lens maker’s formula. 
_ Note. 1, The lens maker’s formula deduced for a convex lens is applicable to 
both the convex an concave lenses. if eo 


2. The focal ler 

lens as negative. 
_ 3. For a convex lei 
Wl 14. GAUSSIAN FORM OF LENS EQUATION (From lens maker’s 
formula 

The relation aetoen the distances of the object and image with the focal 
length of a lens is called Gaussian form of lens equation or simply lens equation. 
Let us obtain this relation directly from the lens maker’s formula. 

Refer to equation (1.43) obtained while deriving the lens maker’s formula. It 
was obtained that 


th of a convex lens is take A as positive and that of a concave 


Nie . 
; while for a cocave lens, R, =-ve 


Miah as 


shears | 1 1 
a Ses (8) ees ee 
u 0) tH {z 3) 


Also, from lens maker’s formula, we have 
1 1 1 
+= (u- of 


i R; Ro 
Therefore, from the above two equations, we have 
Leek oF 
uv f ~.(1247) 


Note 1. The lens equation and the mirror formula obtained by applying new 
cartesian sign conventions are not same. 

2. In case of a lens, the real image is formed on the other side of the real object ; 
while the virtual image is formed on the same side the object is. Therefore, in case 


of a lens, the distance of the real image from the lens is taken as positive and that of virtual 


image is taken as negative. 


81 .15.TO DERIVE LENS EQUATION (Convex Lens) 


In case of a convex lens, the image formed may be real or virtual. Let us derive 
the lens equation in the two cases : 

(a) When image formed is real. Consider that an object AB is placed at a point 
beyond F on the principal axis of a convex lens [Fig. 1.20]. Its real image A’B’ will 
be formed on the other side of the object as shown in the figure. 

Now, triangles ABC and A’B’C are similar. Therefore, 

CA _ AB 


CA’ A'BY ...(1.48) 


FROM © 
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i é i Oe Gs eRe A Aa ‘pith 
Key point VY 


The focal length of a lens depends upon 
the value of refractive index of its material 
and radii of curvative of its two surfaces. 


Key point A A 


1. Focal length of a lens (made of mate- 
rial having refractive index ) increases, 
when it is placed in a medium of refrac- 
tive index u' (u' <1) and it still behaves 
as the lens of same type. 

2. In case lens is placed in a medium of 
refractive index greater than that of the 
material of lens, the nature of lens changes 
(a converging lens behaves as a diverging 
lens and vice-versa). 


ELEN SILLS AEN Ee 
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; a é 
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Pena =- Uae fs wo 
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FA’. AB’ 


CF AB 


FA’ So ...(1.49) 
From equations (1.48) and (1.49), we have 

CFR 

CA EA, 

Be Engh 
or CA’ CA’ CF 4 (SO) 


According to new Cartesian sign conventions : 
CA =-u;CA’=+0v and CF = +f 
Therefore, equation (1.50) becomes 


eke ed Mo or uae f 
+v +v-(+f) v .u-f 
or —-uv+uf=vf or —uf+uf=uv 
Dividing both sides by u v f, we have 
eae 
eb el) SS 
TN OE 


It is the required relation between u, v and f. 


(b) When image formed is virtual. Consider that an object AB is placed between _ . 
optical centre C and focus F on the principal axis of a convex lens [Fig. iiss 
virtual image A’B’ will be formed on the same side of the object as shown in the — 


figure. 

Now, triangles ABC and A’B’C are similar. Therefore, j 
CF _ AB oad 
any ek ood 

Also, triangles CEF and A’B’F are similar. Therefore, i 
CF _ CE 

FA’ A’B’ 
Since CE = AB, the above equation becomes 
PA VAD ce 

From equations (1.51) and (1.52), we have 
CA_ CF 
GA®! SKA’ 

SR SD 
ni CA’) CA’ +CF 
According to new Cartesian sign conventions : 
CA =-u;CA’=-vand CF=+f 
Therefore, equation (1.53) becomes 
Fae et a “af 
—-v —v+(+f) v —uvut+f 
or -uvt+uf=vf or -uf+uf=uv 

Dividing both sides by uv f, we have 

PesPeny 
es Se 
wire 


It is the required relation between u, v and f. 
WE .46.TO DERIVE LENS EQUATION (Concave lens) 
In case of a concave lens, image formed is always virtual in nature. Consider 
that an object AB is placed on the principal axis of a concave lens [Fig. 1.22]. Its virtual 
image A’B’ will be formed on the same side of the object as shown in the figure. 
Now, triangle ABC and A’B’C are similar. Therefore, 
-CA _ AB 


—=—— (1.54 
RGAly AB’ ee 


When a convex lens produces a real image 
of an object, the minimum distance 
between the object and the image is equal 
to four times its focal length. 

It is because, the lens equation gives areal 
solution for u and v only if focal length f 
is greater than one-fourth of the distance 
between the object and image. 


f25 


Also, triangles CEF and A'B’F are sit 


Ce ee 
FA’ A’B’ 
Setting CE = AB, the above equation becomes 
GF .I9AB 
FA’ A‘B’ 
From equations (1.54) and (1.55), we have 
AT CE 
CAN FA 
CA CF 
or CA’ CF_-CA’ ...(1,56) 


Applying new cartesian sign conventions : CA = — u; CA’ =—v and CF=-f 
Therefore, equation (1.56) becomes 


Sate EVE kos tilde sau ia 
—-v =-f—(-'y) v wf +0 
or =f PUES A OT or! +vprulfeu v 
Dividing both sides by u v f, we have 
Th ee 
te Wate it 


It is the required relation between u, v and f. 


Mal 1.17. LINEAR MAGNIFICATION 

The ratio of the size of the image formed by a lens to the size of the object is called linear 
magnification produced by the lens. It is denoted by m. 

If O and J are the sizes of object and image respectively, then 

I 
ee 2:(1,57) 

Expression for linear magnification. Consider a convex lens of focal length f. 

Let C be optical centre and F be its principal focus. Suppose that an object AB is 


placed on the principal axis of the convex lens. Then, the real image A’B’ of the object _ 


AB is formed by the convex lens as shown in Fig. 1.23. 
Let u and v be the distances of the object AB and image 
A’B’ from the optical centre (C) of the lens. 
Now, triangles A’B’C and ABC are similar. 


\ AB an Ck 
‘Theref: = aah | 
Therefore, AR Ga ( ) 
Applying new cartesian sign conventions, we have 
A’B’=-I (-. height is downwards) 
AB=+0 (- height is upwards) 
CAL=+u (-. image distance is along incident light) 
CA=-u (-. object distance is against incident light) 
Therefore, equation (1.58) becomes 
—T +v I Vv 
SO oe or Os Hcg Wes 
From equations (1.57) and (1.58), we have 
monet (1.60) 
O i u ¥ tee . 
Now, for a lens, 
sie ek 
Sk eR A 
-_ Multiplying both sides of the lens equation by u, we have 
wis OH u Winfit 
| rs eS hs eee OLS 
ae 7 U i? v f iA 
” or ae f sinhuO 1). 
c On e+ u 


B 


(i pes i x Bact 
sides of the lens equation by v, we have 


v Vv v v 
le Bong yb & oy ee 
Ves, degli Mee teins of F 
or map ‘a ele G2) 
u ‘a 
From equation (1.60), (1.61) and (1.62), we have 
Ln v Few ual oY 


gn 1.18. IMAGE FORMED BY A CO 
(i) When object lies at infinity. Consider that an object lies at infinity [Fig. 1.24]. 


len, U= © 
From the lens equation, we have 
FROM & 
Wyatt 
=H + 7e5 or waif (at focus) F 
co 1% f 
As focal length of the convex lens is positive, v is also positive. Therefore, real 
nage will be formed at focus on the other side of the lens. ne ee ty eh ey seiey dod 


Now, magnification, ™ = 7 = = =0 (point in size) 

Therefore, when object lies at infinity, image will be formed at F of the lens 
nd it will be real, inverted and point in size. 

(ii) When object lies beyond 2 F. Consider that the object AB lies beyond 2 F 
s shown in Fig. 1.25. Then distance of the object from the optical centre of the lens _ 
s negative and | u | >2f. j 

Now, _ Re: or v= ca 

Pia Stuart een | 

Since | u | > 2f, it follows thatv will be positive and will havea value between — 

and 2 f (image between F and 2 F on the other side of lens). eras Fig, 1.25 


Since m = ” | the value of m will be negative and | m | <1 (real image and 
u 


maller in size). 
Therefore, when object lies beyond 2 F, the image will be formed between F and span 


. F and will be real, inverted and smaller in size. 


(iii) When object lies at 2 FE in such a case, u = — 2 f. From the lens equation, & 
we have : 
v= fl 
ut f 
Setting v = — 2 f, we obtain : 
v=E2t (image at 2 F) if 


v 
Since m= the value of m will be equal to — 1 (real image and equal in size). 


Therefore, when object lies at at 2 F, the image will be formed at 2 F and will 


be real, inverted and equal in size [Fig. 1.26]. 
(iv) When object lies between F and 2 F. When object lies between F and 2 F 
[Fig. 1.27], f< | u | <2f. From the lens equation, we have : 


uf 


ore en iu 


Vv= 
ut f 


4 

gs 

Sincef < |u | <2f,v willbe positive and will have a value greater then 2f (image _ 
beyond 2 F on the other side of the lens). 

: 


Since m = ~, mwill be negative and | m|>1 (real image and larger in size). 


u 
Therefore, when object lies between F and 2 F, the image willbe formed beyond 
2 F and will be real, inverted and larger in size. Ve 


RR A EAR ne atin ARDY yd 
eu 


et. Fig. 1.27 


(v) When object lies at E When object From the lens eq on, 
- we have 


+ 1 1 0) (i & - fi . ) 

= —-=— —-= = 00 

yi oF or 7 or v _ Mmage at mn. inity 

Now, m=~= Ca =-% (real image and highly magnified) 
Uu =_ 


Therefore, when object lies at F, the image will be formed at infinity and will 
be real, inverted and highly magnified (Fig. 1.28]. 

(vi) When object lies between F and C. For object lying between F and C [Fig. 
1.29], | u | <f. From the lens equation, we have 


pie. 
+f 
Since | u | <f, v will be negative and | v | >f. 


we ay : 
From m= -—, it follows that m will be positive and greater than 1 (virtual and 
u 


magnified image). 
Therefore, when object lies between F and C, image will be formed beyondF meee 
on the same side of the lens. Further, the image will be virtual, erect and magnified. sis 


ma 1-19. IMAGE FORMED BY A CONCAVE LENS 

Consider that an object AB is placed on the principal axis of a concave lens as 
shown in Fig. 1.30. For a concave lens, both u and f are negative. From the lens 
equation, we have i 

v=— f | 
Wtf 

Since bothu andf are negative, it follows thatv will be negative and | v | < | f | 

(image on same side of the lens and between F and C). 


From m=—, it follows that m will be positive and less than 1 (virtual image : 
u Key point PY 
and smaller in size). elacee 


It may be pointed out that irrespective of the position of the object, aconcave The image produced bya concav: 
lens always produces a virtual and erect image on the same side of the lens, which always. virtual and smaller in size. 
is smaller in size. - mana - 


mas 1-20. POWER OF LENS 


The ability of a lens, to converge or diverge the rays of light incident on it, is called 


the power of the lens. Key point 7 
The power of a lens is measured as the reciprocal of its focal length in metre. 


pe 1 1.64 The power of a thick lens is greater than 
} f (metre) ethoA) fhatofathiniens 9 > | 
If f=1m, then 
pall Atel dioptre (D) 


m 
The power of a lens is said to be one dioptre, if its focal length is one metre. 
The power of a converging lens is positive and that of a diverging lens is 
negative. 
~ Since the power of a lens is just reciprocal of its focal length, it characterises 
its focal properties (such as the distance at which image is formed, nature and size 
of the image, etc). 
According to the lens maker’s formula for a lens, 


1 1 1 

t=<u-v[2—-2) 

f R; Ro 
Since P Ca we have 


1 1 
P=(u-1) [z-<] fi .(1.65) 


Here, R, and R, are to be measured in metre. 
: Ls 


A single lens, which will form the image of a given object at the same point as is formed 
yy the component lenses (combination of two or more lenses), is called an equivalent lens. 

Consider that two thin lenses L, and L, of focal lengths f, and f, are placed in 
-ontact with each other. Suppose that a point object O lies on the principal axis of 
he two lenses. Fig. 1.31 shows the formation of the final image I of the object O in 
wo steps. In the first step, the lens L, produces I’ as the real image of the object O. 
fC, O=u and C, l’= v’, then for lens L;, we have 

(ee La 


——4+— = — 
ic ae (1.66) 


In the second step, the lens L, produces the image I of the image I’, which acts 
as virtual object for it. 
As the two lenses are thin, 
C=C, V=+u 
The positive sign has been taken for the reason that the distance of image I’ 
(virtual object for lens L,) from C, is measured in the direction of incident ray. If 
C, I=, then the focal length of the lens L, is given by 


aan a2 
Pot ti ...(1.67) 
Adding the equations (1.66) and (1.67), we have 


i (Gee Dt 
+ +—=—+ 


or -—+-—=—+ ...(1.68) 
toatl) interes de 
If a single lens of focal length f produces the image I of the object O exactly as 
the lenses L, and L, together do, then 


es degre 
WPA ...(1.69) 
From the equations (1.68) and (1.69), we have 
Ys 1 
—=—+— §(1..70) 
ttf, } fo 


Here, f is called focal length of the equivalent lens. 

Thus, reciprocal of the focal length of an equivalent lens is equal to sum of the reciprocals 
of the focal lengths of the two lenses placed in contact. 

Discussion. 1. If the focal lengths f, and f, are in metre, then equation (1.70) 
becomes 

P.=P, +P, nL l) 

Here, P, and P, are powers of the two lenses and P is the power of the 
equivalent lens. 

In general, 

P =P, t Py t Py terereerees ; 

where P, Po, Pr eratnete are powers of component lenses placed in contact. 

2. When two lenses are placed in contact, then image produced by first lens 
acts as the object for the second lens, which further produces image of this image. 
Obviously, if m, and m, are magnifications produced by the first and the second 
lens respectively, then total magnification produced by the combination is given by 

m =m, X My (1.72) 

In general, if 114, 1p, M3,..-.0++-0000 are magnifications produced by the 

component lenses, then magnification produced by the combination is given by 
M = My X My X Mg vrreerees 

3. Two lenses may also be combined by placing them at a finite distance apart. 
It can be proved that if two lenses of focal lengths f, and f, are placed at a distance 
x apart, then focal length of the equivalent lens is given by 


jpg 1 x 


fof fh hh ‘ane 


When a number of thin lenses are placed 
in contact, — co = 
(i) power of the equivalent lens is equal to” 
sum of the powers of the individual lenses 
(ii) magnification produced is equal to 
the product of the magnifications pro- 
duced by the component lenses. a. 


4. The two lenses may be combined so as: 
(i) to produce magnified image, 
(ii) to produce an erect image and 

(ii) to minimise the lens defects, such as chromatic aberration or spherical 

aberration. 


Mam 1.22. SPHERICAL ABERRATION IN LENSES 

Spherical aberration. The inability of a lens of large aperture to bring all the rays 
in a wide beam falling on it, to focus at a single point, is called spherical aberration. 

Cause of spherical aberration. The rays of light travelling parallel to the 
principal axis after refraction from a convex lens meet at a single point only if a 
narrow beam of light falls on it or if the lens is of small aperture. In case, a wide 
beam of light falls on a convex lens of large aperture, the rays after refraction through 
the lens do not come to focus at a single point. In a wide beam of the light, the rays 
of light which travel close to the principal axis are called paraxial rays, while the 
rays which travel quite away from the principal axis are called marginal rays. It is 
found that the marginal rays get focussed relatively close to the optical centre of 
the lens as compared to the paraxial rays. 

Fig. 1.32 shows the focussing of the marginal and paraxial rays in case of a 
convex lens, while Fig. 1.33 shows the focussing of such rays in case of a concave 
lens. It follows that the focus for marginal rays (F,,) is closer to the optical centre 
than the focus for paraxial rays (F.,) is. Therefore, a lens of large aperture is unable 
to bring a parallel beam of light to a sharp focus at a point on its principal axis. 

Thus spherical aberration is a defect in a lens of wide aperture due to its 
different focal lengths for the light refracted from different portions of its aperture. 
It follows that focal length of the lens for marginal rays ( f,,. is less than that for 
paraxial rays ( fy). The difference in focal lengths for paraxial and marginal rays gives 
the measure of axial or longitudinal spherical aberration. Thus, 

longitudinal spherical aberration = ip ie ..(1.74) 

Further, if a screen is moved between the points F,, and F,,, the size of the 
circular image (focus of parallel beam of light) goes on varying. However, it is 
minimum in the position AB. This circular image in position AB is called circle of 
least confusion. It gives the best position for the focus of the parallel beam of light. 
The variation in the size of the circular image is called lateral spherical aberration 
and the radius of the circle of least confusion gives the measure of lateral spherical 
aberration. 

Spherical aberration can be minimised by the following methods : 

1. By using stops. Spherical aberration in a lens of wide aperture can be 
minimised by using stops so as to either allow paraxial rays or marginal rays to fall 
on the lens. 

2. By placing the lens so that the total deviation is shared equally by the two 
surfaces of the lens. For example, in case of a plano-convex lens, spherical aberration 
is minimum, when its curved surface faces incident or emergent rays, whichever 
is more parallel to the principal axis. 

3. By using two plano-convex lenses. The spherical aberration can be minimised 
by using two plano-convex lenses and placing them apart at a distance equal to the 
difference in their focal lengths. 
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Type A.On Laws of refraction length, frequency and speed of (a) reflected and (b) 
Problem 1.01. The refractive index of glass is 1-5.What _ refracted light ? Refractive index of water is 1-33. 
is the speed of light in glass ? Speed of light in vacuum is Sol. Here, = 1-33 ; wavelength of light in air, 
3-0 x 108 ms“, Aq = 589 nm = 589 x 10-9 m; si 
Sol. Here, 4=1:5; c=3-0 x 108ms-l We know, velocity of light in air, c = 3 x 108 m s-1_ 
. e 3-0x10° (a) Wavelength of light on reflection remains unchanged. 
Speed of light in glass, v = 7 = ou eane Therefore, wavelength of light after reflection, 


Lae = 2-0 x 108? ms-1 
Problem 1.02. Monochromatic light of wavelength 


Seg é air 
589 nm is incident from air on water surface. What are wave- (air), 


velocity of light after reflection = 3.x 


= 589 nm = 589 x 10°79. m | | idea 
Since after reflection, light travels in the same medium 


Suda Mg git Bly 


108 m's“hiiog s 


c  3x10° 
Sai Ra oa wa 5-0934 x 1014 Hz 
a 589x10 

(b) On refraction, wavelength of light changes but its 
equency remains unchanged. 

Therefore, after refraction, frequency of light, 

v =5:0934 x 10'4 Hz 

Let /,,, be the wavelength and v, velocity of light in water 

fter refraction). 


Y= 


cox 10° : 
Now, v=—= = 2.256 x 108 ms“! 
fi 1-93 
2-256 x 10° 
Also, Aw = x 


v  5-0934x10!4 
= 422-93 x 10719 m = 422-93 nm 


ype B. On Lateral shift ‘ 

Problem 1.03. A ray of light is incident at an angle of 
0° on one face of a rectangular glass slab of thickness 
1 m and refractive index 1-5. Calculate the lateral shift 


yroduced. (Karnataka, 1983) 
Sol. Here, i= 60°; w=15;t=0-1m 
i sini 
Now L=— 
sin r 
or ua Horie hae DO eOe pea: 
Lt 1:5 15 
or r = 35°16’ 
Now, lateral shift, 4 = sin (i - 1) 
cos r 
eE ig ie = sin (60° — 35° 16’) 
cos 35° 16’ 
ty 0-1 dois gry peas EX DPEISS 
cos 35° 16’ 0-8164 
= 0-0513 m 


Type C. On Compound refraction 

Problem 1.04. Refractive indices of water and glass are 
4/3 and 3/2 respectively. A ray of light travelling in water 
is incident on the water-glass interface at 30°. Calculate the 
angle of refraction. (Karnataka, 1983) 

Sol. Here, refractive index of glass, “Hg =4/3; 

refractive index of water, “,, = 3/2 

Now, “Hay X “Hg = “Ug 

Therefore, refractive index of glass w.r.t. water, 

a 
O yess eel 12 
Hoots thas 

Further, the angle of incidence, Me SiUly 
If r is the angle of refraction, then 


Paes 125 
sin r 
or a pty oi 1.2 Gragg 
1-125. 1-125 
or r = 26° 23’ 


Type D. On Real and Apparent depths 

Problem 1.05. A small pin fixed on a table top is viewed 
from above from a distance of 50 cm. By what distance 
would the pin appear to be raised, if it is viewed from the 
same point through’a 15 cm thick glass slab held parallel 


eta 
depend on the location o 
Sol. The normal shift in the position of the pin is given 


by 
Beers 
Lt 
Here, real thickness of glass slab, 
(=15(1-74,)=1 Pee an com 
15 1:5 
The answer does not depend upon the location of the 
slab. 


Problem 1.06. Velocity of light in glass is 2x 10° ms“and 
that in air is 3 x 10° m s~1. By how much would an ink dot 
appear to be rasied, when covered by a glass plate 6-0 cm 
thick ? (PS.S.C.E. 1999, 1997 S) 

Sol. Here, velocity of light in air, c = 3 x 108 m s7! 

velocity of light in glass, v = 2 x 10) ms 

Therefore, refractive index of glass w.r.t. air, 

c 3x08 


peas 


= ty 
v 2x10 


Normal shift in the position of ink dot, d = if = 1) 
Ul 


Here, thickness of the glass plate, t = 6-0 cm 
1 ) — 6-0x0-5 


oi d=6-0(1- = = 2-0 cm 
1-5 1-5 

Problem 1.07. A tank is filled with water to a height of 
12-5 cm. The apparent depth of a needle lying atthe bottom 
of the tank is measured by a microscope to be 9-4.cm. What 
is the refractive index of water ? If water is replaced by a 
liquid of refractive index 1-63 up to the same height, by what 
distance would the microscope have to be moved to focus 
on the needle again ? (H.PS.S.C.E. 2000 ; Text Problem) 

Sol. When tank is filled with water: 

Real depth = 12:5 cm ; apparent depth = 9-4. cm; 
ve realdepth — _ Lee hea 133 
apparent depth 9-4 

When tank is filled with the liquid : 

Real depth = 12:5 cm ; p= 1:63 ; 
realdepth 12:5 


33 63 


Therefore, apparent depth = 


= 7-67 cm 

Therefore, distance through which microscope has to be 
moved = 9-4 — 7-67 = 1-73 cm 

Problem 1.08. A mark is made at the bottom of a beaker 
and a microscope is focussed on it. The microscope is then 
raised through 0-015 m. To what height water must be 
poured into the beaker to bring the mark again into focus ? 
Given, “y,, = 4/3. (Karnataka, 1984) 


Sol. Here, * Ly = ; 


The microscope was focussed directly on the mark 
over the beaker. On raising the microscope through 0-015 m, 
the mark no longer remains in focus. It will again come into 
focus, if the mark gets raised exactly through 0-015 m.on 
pouring water into the beaker. Therefore, 

normal shift, d = 0-015 m 


2 oat 
scare 


If t is the height upto which water must be poured into 


the beaker, then 


normal shift, d =t ; _ 2] 
a 
Hy 

or Ue) yy a pee (1-3) 
4/3 4 


or t= 0-06 m 

Problem 1.09. What is the apparent position of an 
object below a rectangular block of glass 6 cm thick [Fig. 
1.34], if a layer of water 4 cm thick is on top of the glass ? 
Given, “He = 3/2 and “yu, = 4/3. 


Fig. 1.34 
Sol. Here, “vg = 1-5, “yu, = 1:33 
The object O will appear to be raised due to normal shifts 
produced by water and glass. 
The normal shift in the position of the object due to glass, 


en =6(1-15)=20m 
alle i 
The normal shift in the position of the object due to 


water, 
dy =t» asa ~4(1-) tem 
lp 4/3 


Therefore, object will appear to be displaced in upward 

direction through the distance, 
d=d,+d,=2+1=3cm 

Type E. OnTotal internal reflection 

Problem 1.10. A glass slab is immersed in water. Find 
the critical angle at glass-water interface. Given, “vg =1-5 
and “y,,, = 1-33. (P.S.S.C.E.1996) 

Or 

Find the critical angle for a glass-water interface, if 

refractive index of glass is 3/2 and that of water is 4/3. 
(Karnataka, 1986) 

Sol. Here, refractive index of glass = 1-5; 

refractive index of water = 1-33 

Therefore, the refractive index of glass w.r.t. water 


If C is critical angle for glass-water interface, then 


= 08867 


1 ; 
sire 1-1278 or sinC ini 
or C = 62°27’ 

Problem 1.11. Calculate the critical angle for a glass- 
air surface, if a ray of light which is incident in air on the 
surface is deviated through 15°, when its angle of incidence 
GS '40°007 | hb Dy (L.S2C:E. 1993) 


it 


Sol. Fig. 1.35 shows a ray of light AB incident on 
air surface at an angle of incidence,i = 40°. The ray is refracted 
along BC, so that deviation in its path i.e.Z QBC = 15°. 


Fig. 1.35 
Obviously, angle of refraction, 
r= ZCBN’ = 40° — 15° = 25° 
If is refractive index of glass w.rt. air, then 


_ Sin? sin 40° 06428 = 4.52 
~sinr sin25° 0-4226 
If C is critical angle for glass-air surface, then 
= & or sinC =+ = _<9.6579 
sin C Tipe 4 ogy 
or C = 41-1° 


Problem 1.12. A liquid of refractive index 1-5 is poured 
into a cylindrical jar of radius 20 cm upto a height of 20 cm. 
A small bulb is lighted at the centre of the bottom of the 
jar. Find the area of the liquid surface through which the 
light of the bulb passes into air. (I.S.C.E. 1998) 

Sol. The point L shows the position of bulb at the 
bottom of jar containing liquid (yw = 1-5) up to the height h 
(= 20 cm). The light will emerge out through the largest area 
i.e. through a circle of maximum radius OA = OB = r, if on 
refraction at liquid-air interface, it comes out parallel to the 
surface [Fig 1.36]. 


Fig. 1.36 
It will happen so, if the angle of incidence for the rays 
of light incident at the points on the circumference of the circle 
of radius r is equal to the critical angle for liquid-air interface. 
If C is the critical angle, then 


Lefied, 
sin C 
: 1 1 
or sinC=—=——=(-6667 
Vie PS 
ay! Cae re 
From the right angled A AOL, we have 3 
QA... G 
tan @ === — = Pee 6 VIG] 
. OL A Or htarC 


rte ett to feist 
or r= 20 x tan 41-8° = 20 x.0-8941 = 17:882,¢m 


Therefore, the required surface area 
= 1 2 =n x (17-882) = 1004-6 cm? 

Problem 1.13. A narrow beam of light is incident 
normally on one face of an equiangular glass prism of 
refractive index 1-45. When the prism is immersed in a 
suitable liquid, the ray makes a grazing emergence along 
the other face. Find the refractive index of this liquid and 
draw a diagram showing the path of rays. (I.S.C.E. 1997) 

Sol. Fig. 1.37 shows an equiangular glass prism ABC, 
such that ZA = 60°. 


Pp 


Fig. 1.37 
When a narrow beam of light is incident normally on the 
face AB of the prism along PQ, it will proceed as such. It will 
come to meet the face AC at point R, so that the angle C of 
incidence inside the prism i.e. Z PRN’ = 60°as shown in the 
figure. 
Since the beam of light makes a grazing emergence along 
the face AC, the ZPRN’ = 60°corresponds to critical angle C 
for the material of prism, when placed in the liquid. If /p, is 
refractive index of the material of the prism w.rf. liquid, then 
I 1 1 it 


Meneses Fie = = LD 
sinC sin60° 0-866 
Let “y, be refractive index of the liquid. Then, 
a 
Hg 
L = 
reds 
a 
or * Uy AE fala 1-255 
Le 1-155 
Type E. On optical fibre 


Problem 1.14. Fig. 1.38 shows a cross-section of a light 
pipe made of glass fibre of refractive index 1-68. The outer 
coating of the pipe is made of a material of refractive index 
1-44, What is the range of angles of the incident rays with 
the axis of the pipe for which total internal reflection inside 
the pipe takes place as shown ? (Text Problem) 


“U.=1°44 


Fig. 1.38 
Sol. Here, refractive index of the glass fibre w.r.t. air, 
ay, =1-68 
and refractive index of the outer coating materialw. rt air, 
tu, = 1-44 
Let C be the critical angle for the fibre material w.r.t. the 
material of the outer coating. Then, refractive index of glass 
fibre-ivr.t. the coating material is given by 


lg = wi) 


sin C 

a 

e 1-44 

c 
From equations (i) and (ii), we have 
dn tS 98569 

1-67 

or C = 58:97° 


Suppose that a ray of light travelling in air makes an 
anglei with the axis of the pipe and is refracted at angler [Fig. 
1.38]. Further, suppose that the refracted ray comes to 
incident on the glass fibre-coating interface at angle i’. The 
total reflection will occur, if angle i’ is equal to or greater than 
the critical angle C (= 58-97°) for the glass fibre and coating 
interface. Thus, r will be maximum, when i’ =C. 

Therefore, the maximum value of r is given by 

r = 90° — 58-97° = 31-03° 
Now, refractive index of glass-fibre w.r.t. air is given by 


aie ry 6g 
F Sain 314030 
or sini = 1-68 x sin 31-03° = 1-68 x 0-5155 = 0-8660 


or i = 60° 
This is the maximum value of i. Thus, all rays having 
angle of incidence between 0° to 60° will suffer total internal 
reflection. 
Type F. On Refraction from Spherical refracting 
surfaces 


Problem 1.15. What curvature must be given to the 
bounding surface of a refracting medium (yp = 1-5) for the 
virtual image of an object in the adjacent medium ( p = 1) 
at 10 cm to be formed at a distance of 40 cm? 

Sol. Let R be the radius of curvature of the refracting 
surface. When object lies in rarer medium, 


ia ole = H2-#1 
ue ree R 
Here, fy= lp eg=15;u=-10cm; v=-—40cm 
; 1 peiebyotmsoet) QeSyhiatrih lS. 
"  -10 -40 R R’ 10° 40 

or R = +8 cm (convex) 

Problem 1.16. A small point object is placed in air ata 
distance of 60 cm from the convex spherical refracting 
surface of refractive index 1-5. If radius of curvature of the 
spherical surface is 25 cm, calculate the position of the 
image and the power of the refracting surface. 

Sol. When object is placed in air, the relation 
between u, v and R is given by 


pda Bo Ea 


v R 
u=-60cm;R=+ 25cm; py = 1; Hg=15 


or 


Be ue OS 
. bbicpen Ueeane ers 
: rots oe Bn 300 


if. v=+450cm i 2er1! 

As v is positive, the image will. be formed.on. the other 
side of the object i.e. a real image will be formed inside.the 
refracting denser medium. 


R 
As R=+25cm=+ 0:25 m, we have 
1-5-1 : 
i dU oe Gish 
+0:-25° 0-25 


Problem 1.17. A spherical surface of radius of 
curvature R separates air (refractive index 1-0) from glass 
(refractive index 1.5). The centre of curvature is in the glass. 
A point object P placed in air is found to have a real image 
Q in the glass. The line PQ cuts the surface at a point O and 
PO = OQ. Find the distance of object from the spherical 
surface. : (LLT. 1998) 


Fig. 1.39 
#=15;PO=OQ =x (say) 
As shown in Fig. 1.39, refraction takes place from rarer 
to denser medium. Therefore, 


LOS tes 


Ans. Here, 


+ 
R 


ih eel 
It follows that 
U=-SxXpven 


Peeve! Ui auel soba al 
Ea = 


4 x R 

0-5 2:5 

or R zs 
or x=5R 


Problem 1.18. A small piece of paper stuck on a glass 
sphere of 5 cm radius is viewed through the glass from the 
position directly opposite. Find the position of the image. 
Refractive index of glass is 1-5. 

Sol. The piece of paper stuck at point O will serve as the 
object. Its virtual image will be formed by the sphere as 
shown in the Fig. 1.40. 


----10.em----- cal 


Fig. 1.40 
When object lies in denser medium i.e. incident ray 
travels in the denser medium, the relation between u,v and 
R is given by 


u v R 
Here, 4, =1; fy =15;u=-10cmandR=-5cm 


Dig Berry 25 

Bio shin hes Lott 32962 20h 
“A.D:2. Voge Tyger St auinaga mermalioe 
or v=—20cm 


The negative sign shows that the image will be formed 
on the same side of the object i.e. a virtual image will be 
formed in the rarer medium as shown in the figure. 

Problem 1.19. Fig. 1.41 shows a solid glass sphere of 
radius 5 cm that has a small air bubble O trapped ata 
distance 2 cm from the centre C. The refractive index of the 
material of glass is 1-5. Find the apparent position of the 
bubble where it will appear, when seen through the surface 
of the sphere from an outside point E. (S.C.E. 1998) 


Fig. 1.41 
Sol. The course of rays giving the apparent position I of 
the air bubble O trapped inside the glass sphere will be as 
shown in the figure. 


H=15;R=-5cm;OC=2cm 
S u =—PO = - (PC- OC) =- (5-2) =-3cm 
Let PI = ube the distance of the apparent position of air 
bubble from the surface of glass sphere. 
As the incident ray travels inside the glass, we have 


Here, 


Bepl simu 
Yew R 
LS) tte te a le-ung ag it 
SS HAS OFW TSS SF 
_ v —5 PSS pM EE, 
Re MERE Lip sche 4 
Ri Upp RADee B= I0 
or v=-2:5cm 


Problem 1.20. A small air bubble within a glass sphere 
of radius 0-02 m appears to be 0-01 m below the surface, 
when looked along a diameter containing the bubble. Find 
the real depth of the bubble along the line of sight. Given, 
y= 1-54, 

Sol. Let O be the air bubble inside the glass sphere. Due 
to refraction, it will appear to be at point I as shown in Fig. 
1.42. | i 


j+- U->| 
Fig. 1.42 
Let u be the real depth of the air bubble. 
As the incident ray travels inside the glass, we have 


Ue oe) R 
1-54 1 1-1-54 
or ——— + = ———_ 
u -0:01 —0-02 
5 
or 4 4 97-100=—127 
u 
or Sy ANH oy tn 
Zz, 


Problem 1.21. An empty spherical flask of diameter 
15 cm is placed in water of refractive index 4/3. A parallel 
beam of light strikes the flask. Where does it get focussed, 
when observed from within the flask ? 

Sol. Fig. 1.43 shows a spherical flask placed inside water. 
As such, the flask inside water behaves as a concave spherical 
surface. The centre of the flask is the centre of curvature of 
the concave spherical surface. A parallel beam of light striking 
on the flask will diverge and the beam of light will appear to 
come from point I as shown in the figure. 


== FROM 0 =e 


1 
Here, usnm;Re+Somjiy= 3) 


As incident ray travels in denser medium, we have 


ee Oe 
i aoa 
4/3 1 1-4/3 
beh iy 15/2 
— 45 
or OS Fg tk aa as 


As v is negative, the image will be formed on the same 
side of the object i.e. the side from which the parallel beam 
of light is incident on the flask. Therefore, the parallel beam 
of light will appear to come from point I as shown in the 
figure. 


ype G.On mula 

Problem.1.22. A binoconvex lens with both faces of the 
same radius of curvature is to be manufactured from a glass 
of refractive index 1-55. What should be the radius of 
curvature for the focal length of the lens to be 20 cm ? 
(HS .S.G.E./ 2002) 


Sol. Here, w= 155 ;f=+20cm; 
Suppose that R, = + R. Then, R, =-R 
1 1 il 
Ne me eM) 
f RY OR 
idveci gases k O24 = jx grag ye 
20 R - R 
or R=40 x 0-55 = 22-0 cm ss 


Problem 1.23. Find the radius of curvature of the 
convex surface of a plano convex lens, whose focal length 
is 0-3 m and the refractive index of the material of the lens 
is 1-5. FE@S5E. 1998) 

Ans. Here, pt = 1-5; f = 0-3m 

Suppose that radius of curvature of one surface is R; = R 

Then, radius of curvature of the other surface will be 


R,=-© 

il 1 it 
Now, taw-vfd-2] 

f R; R, 

1 1 

Ee ot -— 
or ae ( (i 4) 


or o9(L)- 2 or R=0-15m 
RIBVOS 
Problem 1.24. The radius of curvature of either face of 
a convex lens is equal to its focal length. What is the 
refractive index.of its material ? 


Sol. Let f be the focal length of the lens. 


Therefore, 3 =(p-1) i fe | 


Here 


or 2(-1)=1 or p= 1-5 

Problem 1.25. A double convex lens has radii 20 cm. 
The refractive index of glass is 1-5. Compute the focal 
length of this lens in air and when immersed in carbon 
disulphide of refractive index = 1-63. 

Sol. Here, “Ue = TO, ip OS ; 

R,= + 20 cm, R, =- 20. cm 
Focal length of the lens in air is given by 


1 1 1 
fair R; Ro 
1 1 il ! 
= (15> Ty} ——-—— |= a= — 
: {4 4, | 10,; 220 
or fair = 20 cm 


If f. is focal length of the lens, when immersed in carbon 
disulphide and ‘y,, the refractive index of glass w.r-t. carbon 
disulphide, then 


Cc + He eS d 
Now, Hg ate il 63 
4+(23-1) Als wis pee Tae 1 
Te 1-63 20 —20 1-63 10 
or Fy fenatgallindhes =-125-4 cm 


Problem 1.26. A convex lens of focal length 0-2 m and 
made of glass (y = 1-50) is immersed in water (4 = 1-33). Find 
the change in the focal length of the lens. 

(C:B.S,E..1991 ; P.S.S.C.B.01991) 

Sol. Here, f,;,= 0-2 m; “Ug =1-50 


1 a 1 1 
pes 4 Me -i( 2) 


—— =(1-50-1)|—--——] or —-- = 10 
a2"! (z Z| or 2 Rp 


Let f,, be the focal length of the lens, when immersed in 
water and®y., be refractive index of glass w.r.t. water. Then, 


Now, 


a 
LH 1-50 
Uw ; 
Now, > =(" 4, o(2-2] 
fe R,; Rg 
= (1-128 — 1) x10 =1-28 
1 
or = —— =0-78m 
fw 1-28 


Therefore, change in focal length, 
fo —fair = 9-78 — 0-2 = 0-58 m 
Problem 1.27. Explain what happens, when a convex 
lens of refractive index 1-2 is immersed in a liquid of 
refractive index 1:3. 
Ans. Let f be focal length of lens. Then, 


R, R, 0.2xf ot 
If f’is focal length of lens, when immersed in liquid, then 


] i 1 
pou E-2) 
f R,; R, 

ihe 
where Ll’ = es is the refractive index of the material of lens 
w.rt. liquid. 


Using equation (i), we have 


we = 


aebad yw de 
f 13° 0-2x f 


A.Onk mL eT He : i Hi 
Problem 1.28. A beam of light converges to point P. 
A lens is placed in the path of the convergent beam 12 cm | 
from P. At what point does the beam converge, if the lens 
is (a) a convex lens of focal length 20 cm (b) a concave lens 
of focal length 20 cm ? 

Sol. (a) Here, f= + 20cm; 

u = +12 cm (distance of virtual object) 
From the lens equation we, have 


AYA) ee ape Ss Oe 
v f u +20, +12 60 60 
or v=+7-5cm — 


As vis positive, the beam will still converge (after 
refraction through the lens) at a point at distant 7-5 cm from ~ 
the lens. 

(b) Here, f=-20cm ;u=+12cm 

Again, from the lens equation, 

LIOR Mh 1 PMN MBS OUP 
= + = + = = 
Oe elt Pie 20 tlie 60 60 

As vis positive, the beam will still converge (after 
refraction through the lens) at a point at distance 30 cm from 
the lens. 

Problem 1.29. A convergent beam of light passes 
through a diverging lens of focal length 0-2 m and comes 
to focus at distance 0-3 m behind the lens. Find the position 
of the point at which the beam would converge in the 
absence of the lens. (C.B.S.E, Question Paper) 

Sol. Here, f=-0-2m (diverging lens) 

v=+0-3m 
(.. image distance is along the incident light) 
From the lens equation, 


=+ 30cm 


Lf Sa enl 
ee eS 
= an B 
Laat 1 il 1 1 1 50 
or = — = _ = + = 
ys Uv yf) + O73” SUR eee 6 
or u=+0-12m 


In the absence of lens, the beam would converge at a 
point at a distance 0-12 m from the present position of the lens. 
Problem 1.30. A needle 10 cm long is placed along the 
axis of a convex lens of focal length 10 cm such that the 
middle point of the needle is at a distance of 20 cm from the 
lens. Find the length of the image of the needle. 
(Karnataka, 1992) 
Sol. Here, the focal length of the lens, f = +10 cm 
Suppose that the needle AB of length 10 cm is placed 
along the axis of the lens [Fig. 1.44], so that the distance of the 
centre of the needle from the lens i.e. CO = 20 cm 


or the end of the needle A: 
u=-CA=-(CO-OA) 
=+—(20-5)=+15cm 
Let v1 be the distance, at which the image of the end A 
is formed. Then, 
i bey Me: TS 1 
= —y-=—+ 
Uy tnfolgecp 10 pyl5 
or Vv, =30cm 
For the end of the needle B: 
uv =—-CB=-(CO+ OB) =- (20+ 5) =-25 cm 
Let v> be the distance at which the image of the end B 
is formed. Then, 
1 


i.u> 2 1 
== 4+ >= + 
15. fied brew uiue Tae 
V2 = 16-67 cm 
Therefore, length of the image of the needle, 
UT —-0) = 30 — 16-67 = 13-33 cm 
Problem 1.31. A double convex lens has 10 cm and 
15 cm as its two radii of curvatures. The image of an object, 
placed 30 cm from the lens, is formed at 20 cm from the 
lens on the other side. Find the refractive index of the 
material of the lens. What will be the focal length ? What 


will be the focal length of the lens, if it is immersed in 
water of refractive index 1-33 ? (LS:C.E.1995) 


Sol. Here, u =-—30cm; v=20cm,; R, = 10cm; 


R,=-15cm 
If f is focal length of the lens, then 
1 daod 1 1 1 1 5 
f uv 2 80) 9'20).20300°20: 160 
60 
=—=12cm 
f 5 


Let “pg be the refractive index of the material of the lens 
w.r.t. air. Then, 


Lm Wo 
=(4 —1)| —-—— 
aL Ms (4 4 
ie tt 1 
=(4% 1)| —+—|=C = i 
Mi (55 ) Re ee 
6 
@y =1+—=1'5 
Croint BOF Pewee 


If f_,,is focal length of the lens, when immersed in water, 


then 
qa ve CDA 1 
Pee 255 ate 
f teu (2 4) 


Ww 
Here, “yu g is refractive index of glass w.r.t. water. 


ges “Hg as (¢-2] 
fo \ "Meg R; Ro 


or 


ear magnification 

Problem 1.32. A convex lens of focal length 0-12 m 
produces an image, which is three times as long as the 
object. Find the distance between the object and the lens 


‘Type l.OnL 


for a real image. (Karnataka, 1986) 
Sol. Here, f = + 0-12 m, 


As image formed is real i.e. inverted, m= -3 


Now, m= f 
u+ f 
0-12 
= ——_—— 5; or,» 4-+0-12 =-— 0-04 
ut+0-12 
or u=—0-16m 


Problem 1.33. A convex lens is to be used to throw on 
ascreen 10 m from the lens, a magnified image of an object. 
If the magnification is to be 19, find the focal length of the 
lens. (Karnataka, 1984) 

Sol. As the convex lens forms the image on the screen, 
the image formed is real i.e. inverted. 

= m=—19 

Further, as the image lies on the other side of the object, 
the distance of the image is positive i.e. 


v=+10cm 
-—v 
Now = 
f 
—1 
-9-F* or ~19f=f-10 
or f=05m 


Problem 1.34. The image obtained with a convex lens 
is erect and its length is four times the length of the object. 
If the focal length of the lens is 20 cm, calculate the object 
and image distance. (H.S.S.C.E. 1996, 1992 ; PS.S.C.E. 1996) 

Sol. As the image formed is erect and hence virtual, the 
magnification produced by the lens is positive i.e.m=+4 


Also f=+20cm 
Now, ~ eae 

u-f 

= ge or u+20=5 

u+ 20 
or u=-15cm 

= 20—-—v 

Again, mai = 20 
or v = 20-80 =- 60 cm 


Problem 1.35. A needle placed 45 cm from a lens 
forms an image on a screen placed 90 cm on the other side 
of the lens. Identify the type of the lens and determine its 
focal length. What is the size of the image, if the size of 
needle is 15-0 cm? 

(PS.S.C.E. 2000, 1999, 1996 S ; C.B.S.E. 1990) 


Sol. Here, O=5cm;u=-45cm;v=+ 90cm 


focal pol 
Now, for alens, ~~ +77 
Bad a 
1 J bd Tee) at poet 
a eg eat 1 OE Sq 4+4_= 
45 90, 10f f -90-45 90 
or f=+30cm — 


Ks 7, e positi 
Also, 


= I=-10cm 
5 he 45 

The negative sign shows that the image formed is 
inverted. 

Problem 1.36. An object of size 3-0 cm is placed 14 cm 
in front of a concave lens of focal length 21 cm. Describe 
the image produced by the lens. What happens, if the 
object is moved farther from the lens ? 


Sol. Here, O =+30cm;u=-14cm;f=-21cm 
1 eee hee | 
Now, ~—+—=— 
Tey, 
Lie flip 1 i) 1 1 
= + = +r = ss 
Onmpy uv —=21 .—14 Pai ile 
or v=-—8-4cm 


As v is negative, the image is formed on the same side 
of the object and like wise, the image is virtual. 


Now, MS Se 


—8-4 
=+1-8cm 
4 


The positive sign shows that the image formed is erect. 

When the object is moved away from the lens, the virtual 
image moves away from the lens and towards the focus of the 
lens (but never beyond the focus) and progressively decreases 
in size. 
Type J. On Power of lens 

Problem 1.37._A convex lens is made of glass of 
refractive index 1-5. If radius of curvature of the each of its 
two surfaces is 20 cm, find the ratio of the power of the lens, 
when placed in air to its power, when immersed inside a 
liquid of refractive index 1-25. 

Sol. Here, R; = 20 cm = 0-20 m; R, =- 20 cm=-0-2 m, 

When lens is placed in air : If P, is power of the lens 
when placed in air, then 


0:5: (Sik) = 5D 

When lens is placed inside the liquid : If y’ is refractive 
index of the material of the lens w.r.t. the liquid, then power 
of the lens, when placed inside the liquid is given by 


qf: Os4 
rao ge ee OS 
sen (z Ry 
1-5 
Herel 10S — ee? 
aN hed Si: 
1 1 
P, =(1-2—1)| —--—___. |= 91945 sya 
a= en 4 ie . 


Hence, Sige Jy 2 
P. 


Type K. On Equivalent lens | 
Problem 1.38. Two thin converging lenses of focal 
lengths 15 cm and 30 cm are held in contact with each other. 
Calculate power and focal length of the combination. 
(C.B.S.E. 1994) 
Sol. Here, f; = 15 cm i fo =30 cm 
Let f be the focal length of the combination. Then, 
1) UL gaol oil nq toagl 
foe ikt « fails ONE) 
or f=10cm=0-1m 


a wrth 
f Gnmetre) 0-1 

Problem 1.39. Two lenses of powers — 1-5 and + 2:75 D 
are kept in contact. Find the focal length of the combination. 

(Karnataka 1986) 

Sol. Here, P; =- 15D; P,=+2-:75D 

Now, power of the combination, P = P, +P, 

= P=-1542-75=1:25D 

Therefore, focal length of the combination (in metre), 


Power, or combination, P = =10D 


GPFroblem 1.39. A transparent cube of side 210 mm 
contains a small air bubble. Its apparent distance, 
when viewed through one face of the cube, is 100 mm and 
when viewed through the opposite face is 40 mm. What is 
the actual distance of the bubble from the second face and 
what is the refractive index of the material of the cube ? 
(Karnataka, 1982) 
Sol. Let O be the air bubble inside the transparent cube. 
The side of the cube is 210 mm. If the distance of the bubble 
from the face I is x, then its distance from the face II will be 
(210 —x). Suppose that the bubble appears at I,, when viewed 
from the face I and at I,, when viewed from the face II [Fig. 
1.45]. Let » be the refractive index of the material of the cube. 
When viewed from face I : 
Here, the real depth= x ; apparent depth=100 mm 
3 


H ira i) 


~ 100 


J [= ——i—tio- FOr mbitious, > rilliant &C urious Students 


40 mm 
—>| 


FACE I | FACE I 


}+----- X---- >} 210-1->4 


Fig. 1.45 
When viewed from face II: 
Here, real depth = (210 — x) ; apparent depth = 40 mm 


_ 210=x 


rs ... (ii) 
From equations (i) and (ii), we have 
fo wa sx 
100 40 


or x=150mm...,, 


= 210 - 150 = 60 mm 
From equation (i), we have 
foo wy habe 1 
AC EOOTERUET AL: 
Problem 1.40. One face of a glass cube of side 0-06m 
is silvered. An object is placed at a distance of 0-07 m 
from the face opposite to the silvered face. Looking from the 
object side, the image of the object appears to be 0-11 m 
behind the silvered face. Calculate the refractive index of 
the material of glass. (Karnataka, 1994) 
Sol. Let ABCD be the section of the glass cube of each side 
0-06 m. Its face AB is silvered and an object O is placed at a 
distance of 0-07 m from the face CD, the face opposite to the 
silvered face AB. Looking from the object side, the silvered face 
will appear raised, say as A’B’. Let x be the depth of the 
apparent silvered face A’B’ below the face CD [Fig. 1.46.] 


Cc B’. B 
x x 
O I 
D A A 
I+ - 0'06m--->4 
je -- O07 m --14-- X-- 4} ------ Oaltimi?= =--F >| 
Fig. 1.46 


Since the image I of the object appears at a distance of 

0-11 m behind the apparent silvered face A’B’, 
0:07 +x =0-11 

or x = 0-11/- 0-07 = 0-04 m 

Thus, the real depth of the silvered face, DA = 0:06 m 

and the apparent depth of the silvered face, 

DA’ =x=0-04m 
Therefore, refractive index of the glass, 


Problem 1.41. A ray of light incident on the horizontal 
@ surface of a glass slab at 70° just grazes the adjacent 
vertical surface after refraction. Compute the critical angle 
and refractive index of the glass. (Karnataka, 1991) 

Sol. A ray of light PA incident at an angle of 70° on the 
horizontal surface X, Y, gets refracted along AB into the glass 
slab at angle of refraction r (say) and then comes to incident 
at the point B on the vertical surface Y, Y>. The ray of light 
will graze along the surface Y, Y>, if the angle of incidence at 
point B on the vertical surface Y; Y> equals the critical angle 
C for the glass-air interface [Fig. 1.47]. 


Fig. 1.47 


nd N,’N,‘are perpendicular to each other, 


PL SO” 
or r=90°-C 
For refraction at point A, we have 

sin 70° ’ sin 70° 

- =u or sinr= 
sin r 
. sin 70° 
or sin (90° —- C) = - 
sin 70° 


Kot) 


or cos €= 


Also, for refraction at point B, we have 


or sin Ga= ey 
Dividing equation (ii) by equation (i), we have 
sinG, 1 . L 


cosC | sin 70° 
or fan) G— = : =1-0642 
sin 70° 0-9397 
or C = 46° 47’ 
Now, faint 4 : 1-372 


e sinC sin 46°47’ 0.7288 
°° ieaaneah 1.42. A right angle prism (45°-90°-45°) of 
refractive index y has a plate of refractive index p, 
(u, <p) cemented to its diagonal face. The assembly is in air. 
A ray is incident at face AB as shown in Fig. 1.48. 
(a) Calculate the angle of incidence at face AB for which 
the ray strikes the diagonal face at critical angle. 
(b) Assuming p = 1-352, calculate the angle of incidence 
at face AB for which the refracted ray passes through the 
diagonal face undeviated. (LE T1996) 


Fig. 1.48 
Sol. (a) When a ray of light PQ is incident at angle i 
on face AB, it is refracted along QR inside the prism as 
shown in the figure. If r is angle of refraction, then for 
refraction at point Q, 
sini 


sae .-.(i) 

sin r 
Let C be the critical angle for the ray travelling inside the 
prism (refractive index = ) along OR to the plate (refractive 


index = ,) cemented to the diagonal face of the prism. Then, 
Lt 1 


ie sin C 


we 
From 2WZRK, it follows that 
r = 180° - (135° + C) = 45°-C 

Substituting for r in equation (i), we have 

.. sini 

~ sin (45° - C) 
or sini=ypsin (45°-C) 
= p (sin 45° cos C - cos 45° sin C) 


or sini= (Jp isin - sinc] 


Using equation (ii), we have 
2 | 2 
sini=—-& 1-(4) Diet WL Dioglad Piplad = Ht he 
2 


u w|- V2 
ae | Vb? = wy? - Wy 
or 1= sin ——————————— 
V2 


(b) The refracted ray QR will pass through the diagonal 
face AC undeviated, if it comes to be incident on the diagonal 
face at 90° [Fig. 1.49]. 


Fig. 1.49 
Suppose that it happens so, when the ray of light is 
incident at angle i’ on the face AB. If r’ is the corresponding 
angle of refraction, then 
r’ = 180° — (90° + 45°) = 45° 
For refraction at face AB, 


sin i’ 


te come or sin i’ =p sin r’ 
or sin i’ = 1-352 sin 45° = 1-352 x al = 0:9562 
V2 
or p=" 


Problem 1.43. A beam of light strikes a glass sphere of 

20 cm diameter converging towards a point 40 cm 
behind the pole of the spherical surface. Find the position 
of the image, if the refractive index of glass is 1-5. 

Sol. Abeam of light converging at point O is intercepted 
by the glass sphere of diameter of 20 cm, such that PO = 40 cm. 
Therefore, point O acts as the virtual object, when image is 
formed due to refraction by the sphere [Fig. 1.50]. 


~ 
mee 
~ 


- 
ot 
~- 


20 
U= Mies R= =+ > =+10cm; 


Wy=1; Ha = = 1. 5 
As the object: lies in rarer, medium (incident ray travels 
in rarer medium), we have | 


i ga 0 H2- Hy “ 


Here, 


“uv R 
Sago 15219 0 
40. -v_ » 10 Sa°2e 
Pe Nee erat So 
re 2v 20 40 40 
or v= 20cm 


Since diameter of the sphere is also 20 cm, it will 
converge the rays of light just at the opposite (other) end of 
the diameter and hence image will be formed at point I as 
shown in the figure. 

Problem 1.44. The greatest thickness of a plano-convex 

lens, when viewed normally through its plane surface, 
appears to be 8/300 m and when viewed normally through 
its curved surface, appears to be 16/500 m. If the actual 
thickness is 0-04 m, find its (i) refractive index, (ii) radius of 
curvature and (iii) focal length. 

Sol. When the plano-convex lens is viewed through its 
plane surface : In this case, the ray of light from point P on 
the other surface (convex) reaches the eye after suffering 
refraction at the plane surface of the plano-convex lens as 
shown in Fig. 1.51. 


Fig. 1.51 
Due to normal shift, the point P appears to be at I. Thus, 
the actual thickness of the lens, x = PQ = 0-04 m 


and the apparent thickness of the lens, y=IQ= 


300" 
If » is refractive index of the material of the lens, then 
___fealthickness(x) 0:04 _ 15 
\ apparent thickness (y) 8/300 — 


JASE ye 

n the plano-convex lens is viewed through the curved - 
urface: In this case, the ray of light from point Q on the other 
urface (plane) reaches the eye after suffering refraction at the 
onvex spherical surface, whose centre of curvature is point 
>, The convex spherical surface forms the virtual image I 
sf the object Q as shown in Fig. 1.52. If u (=P Q) andv (=P 
) are the distances of the object and-image from the pole P of 
he spherical surface, then according to Cartesian sign 


‘onventions, 


u=-0:04m;v=-16/500m ~ 
grit 


Fig. 1.52 | 
Let R (= PC) be the radius of curvature 
spherical surface of the lens. ; 
r As the incident ray travels in the denser medium, we 
ave 


f the convex 


oy aa Seat 
Jalal) R 
wet 1 1s) 5 
=0-04" -16/500.. ~-R 
0:5 2 15 500 97.5 + 3125 = - 6-25 
Deak. 0:04 ae lhat casutemitn eden 09 
or =-0-08 m 


According to lens maker’s formula, we have 


1 Pca 
Luo b-2) 
j R; Rg 
For the given plano-convex lens, 
R, = ©;R,=R=-008m 


1 1 1 
teas-0(t-35) 


or f=0-16m 
Problem 1.45. What is the minimum distance bet- 
ween an object and the real image formed by a 
convex lens ? 
Ans. For a convex lens, we have 
cae tg eh (i) 


wou f 
Suppose that an object is placed at a distance x from the 
convex lens and its real image is formed on the other side of 
the lens at a distance v from it [Fig. 1.53). 
Now, u=-x;v =vand f=f 
Therefore, equation (i) becomes 


Fig. 1.53 
If D is the distance between the object and the image, 
then 


v=D-x (iil) 
From equations (ii) and (iii), we have 
p-x=* 
eae | 
or pial = (10) 
x-f 


Differentiating both sides of the equation (iv) w.r.t. x, we 
have 


AD iy sonforncrattyyepe lela 
Re tae 1) @- f) 
Piyshactibe iii fx = 
wae (x= f) 
For D to be minimum, © =0 
i.e. 1+ ae gl fx =0 tye sa 
aoe rae Tey) 
or 4 =1 
or nef / 


Putting x = 2 f in equation (iv), we have 
f x2f 
D=2 f+———=2f +2f =4 
f 2f-f f+2fq4f 

Problem 1.46. A screen is placed 90 cm from an object. 

The image of the object on the screen is formed by a 
convex lens at two different locations separated by 20 cm. 
Determine the focal length of the lens. 

Sol. Let O and I represent the positions of the object and 
the image (screen) ; and Ly and L,, the two positions of the lens 
[Fig. 1.54]. 

SCREEN 


When the levs ts in position Li: Sipps that the nl Stariee 
af she upject from the lens is x. Then, the distance of the i image 
from the lens will be (90 — x). If u, and v, are the distances of 
the object and image from the point O,, then according to 
Cartesian sign conventions, 

Hy =—X7U,=+ 90-x) 
If fis the Ocal length of the lens, then 


ee Pika 
f U4 V4 ges (90 — x) 

or | aserbep en thee ...(i) 
fx (90—x) 


When the lens is in position L, : If uy and v, are distances 
of the object and image from the paint O,, then 


Uy =— (x + 20); vo = + {90 — (x — 20)} = + (70 -— x) 
From the lens equation, we have 
1 1 1 I 1 
— + = — - 
i Uy V9 ~ {x +20) (70 —x) 
o Sane Afi) 
f (+20) " V0ax) 
From equations (i) and (ii), we have 
1 1 1 1 
—+ & + 
LAU — xX) (xO) 70) 
On solving for x, we get 
x =35cm 
Substituting for x in equation (7), we have 
B00 0, i i Ke 
f 35 (90-35) 35 55 35x55 


or = 


Problem 1.47. An object is placed at a distance of 1-5m 
7 from a screen and a convex lens is interposed between 
them. The magnification produced is 4. What is the focal 
length of the lens ? (Karnataka, 1984) 
Sol. As theimage of the objectis formed by the convexlens 
onthe screen, the image formed is real and invertedi.¢.m=—4. 
Suppose that the object is placed at a distance x from the 
convex lens. As the distance between the object and the screen 
is 1:5 m, the distance of the image from the lens is (1-5 — x). 
According to Cartesian sign conventions, 
Ube Bape a) (12) x) 
Vv 
nae 
u 
(1:5 x) 
=a Oo 


Now, 


ay A 


r 4x=1-5-x or x=0-3m 


Q. 1.01. What is refraction ? (H.S.S.C.E. 2001) 

Ans. The phenomenon of change in path of light as it goes from 
one medium to another is called refraction. 

Q. 1.02. Give the ratio of velocities of two light waves 
travelling in vacuum and having wavelengths 4000 A and 
8000 A. (CBSE. 1999 S) 

Ans. In vacuum, light of ali the wavelengths travel with 
the same velocity i.e. 3 x.10°ms7!, 

Q. 1.03. Is the ratio of frequencies of ultraviolet rays 


If fi is the focal length of the lens, then 
1 sabe py art Taf aa 


Sle avcalirge : 


papain v Et 12" 

 f=0-24m . 
Problem 1.48. Two thin lenses, when 4 in n contact, 
@" produce a combination of power +10 dioptres. Whe | 
they are 0-25 m apart, the power reduces to + 6 dioptres. Find! 
the focal lengths of the two lenses. '. (LLT. 1997); 
Sol. Letf, and f, (in metre) be the focal lengths of the two! 
lenses and P, and P, be their respective powers. Then, 


1 
P, = fe 
When lenses are placed in contact : If f is focal length of 
the combination of the two lenses, then : 
Tae al 1 [4 
—_= ar + 28 
f fe fa 
If P is the power of the lens, then the above relation 
becomes 


P=P,+P, 
Here; P=-+ 10 dioptres 
P, +P,=10 (i) 


When jens are placed some distance apart : If f’ is the’ 
focal length of the combination of two lenses, when neot a 
distance x apart, then 

Deere gh x 
, F a iF 
fe f8 fet fife 

If P’ is power of the combination, then the above relation 

becomes 


Pasty Poa x PpPs 
Here, P’ = + 6 diopters ; x = 0-25 m 
“. P, +P,-0-25 P, P, =6 .-. (ii) 
Using equation (i), we have 
10—0-25 P,; P, =6 


= gl Bat 
x 1 2 ga g 


Now, P RSS UP) P, Ae a PP. 
thigesP4 1 2; Hp 


Using equations (i) and (iii), we have 


P, -P) =/107> 4x 16 = /36 
or P,-P,=6 ...(iv) 
From equations (7) and (iv), we obtain 
= 8 dioptres and P, = 2 dioptres 
presen 
io eae 


(iit) 


=0:125m and fanas = 0-5m 
2 


FREQUENTLY ASKED VERY SHORT ANSWER QUESTIONS 


With Answers/Hinis 
and infra-red rays in glass more than, less than or equal to 
one ? (C.B.S.E..997) 

Ans. It is one. 

Q. 1.04. For the same angle of incidence, the angles of 
refraction in three different media A,B and C are 15°, 25° 
and 35° respectively. In which medium will the velocity of 
light be minimum ? (C.B.S.E. 1993) 

Ans. For the same value of the angle of incidence i, the 
refractive indices of three media will be 


fn 
sin 35° 


y f ii sini . 64, tte 25 
, HA anise UB Uc= 


sin 25° 


Since pt = the velocity of light will be minimum in the 
medium, whose refractive index is maximum. 

PAS A 1s maximum, velocity of light will be minimum 
in medium A. A aenmney 
“'*°Q. 1.05. Can absolute refractive index of a medium be 
less than unity? op 
_.. Ans. No. It is because velocity of light is maximum in 
‘vacuum (or air). gin sot ok ral 
Q. 1.06. State Snell’s law of refraction of light. 

. om (PS.8.C.E. 2000, 1998 5) 

Ans. Refer to section 1.02. 
Q. 1.07. Can relative refractive index of amedium w.r.t. 
another be less than unity? 

Ans. Yes. For example, the relative refractive index of 
water w.r.t. glass is less than 1. 

Q. 1.08. For what angle of incidence, the lateral shift 
produced by parallel sided glass plate is zero ? 

Ans. For i= 0. 

Q. 1.09. For what angle of incidence, the lateral shift 
produced by a parallel sided glass plate is maximum ? 

Ans. For i = 90°, lateral shift isnaximum and is equal to 
thickness of the glass plate. 


For i=90°,d= f sin (90° — 1) = h xcosr=t 
cos r cos r 
Q. 1.10. What are the factors on which the normal shift 
depends ? 


Ans. Thickness of the refracting medium and its 
refractive index. 
Q. 1.11. Write the conditions for total internal reflection 
to take place. 
(PS.S.C.E. 2000, 1994, 1991 ys eR RON iy CC Ree 


be obeyed : 

1. The ray of light incident on the interface of the two refracting 
media should travel in an optically denser medium. 

2. The angle of incidence should be greater than the critical 


(PS.S.C.E. 2000, 1999, 1998 S) 
Ans. The angle of incidence in denser medium, for which angle 
of refraction in rarer medium is 90°, is called critical angle. 

Q. 1.13. What is critical angle ? Give one application of 
total internal reflection. 
Ans. Critical angle. Refer to VSQ 1.12. 

Applications. Refer to section 1.08. 
Q.1.14. What is critical angle for a material of refractive 


tion. 


index V2 ? (H.PS.S.C.E. 1993) 
1 
Ans. ana v2 or WRC orieC=45% 


Q. 1.15. A substance has critical angle of 45° for yellow 
light. What is its refractive index ?. 
(H.S.S.C.E. 2000 ; I.S.C.E. 1997) 


ir a or glass-air | 
Will the critical angle for glass-water interface be greater or 
less than C ? 
1 

—— 

& 
If C’ is critical angle for glass-water interface, then 

1 


Ans. For glass-air interface, sin C = 


sin C’ = 
WwW 
& 
Since “Hg < “Ug “sinC’>sinC. or C’>C 
Q. 1.17. Can total internal reflection take place, when 
light travels from rarer to denser medium ? 
Ans. No. 


Q. 1.18. What is optical fibre ? (H.S.S.C.E. 1998) 


Or 

Name the physical principle on which the working of 
optical fibres is based. eo b. 1995) 

Ans. The working of optical fibre is based on total 
internal reflection. 

Q. 1.20. What is a lens ? 

Ans. Alens is a transparent refracting medium bounded 
by two spherical surfaces (or by one spherical and one plane 
surface). 

Q. 1.21. Define focus and principle focus of a lens. 

(PS.S.C.E. 1998 S) 

Ans. Focus. The point, at which a parallel beam of light after 
refraction through the lens, comes to meet or appears to come from, 
is called focus. 

Principal focus. The point on the principal axis, at which a 
parallel beam of light travelling parallel to principal axis after 
refraction through the lens, comes to meet or appears to come from. 

Q. 1.22. Can a lens be used in the medium of which it 
is made of ? 

Ans. No. 

Q.1.23.Whattype oflensisan airbubbleinside water? 

Ans. An air bubble inside water behaves as a diverging 
lens. 

Q. 1.24. What is the focal length and power of a plane 
glass plate ? 

Ans. The focal length of a glass plate is infinite and its 
power is zero. 

Q.1.25. Alens made of glass is immersed in water. Will 
its power increase or decrease fg 

Ans. Its power will decrease. 

/ Q. 1.26. What is lens maker’s formula ? 
(H.P.S.S.C.E. 1999) 
Or 

Why is the lens maker’s formula called so ? 

Ans. The values of the radii of curvature of the two 
spherical surfaces, which a lens of required focal length 
should have, can be calculated from this formula. Then, by 
grinding the two surfaces of a piece of glass, its two surfaces 
can be given the calculated value of the radii of curvature. 
Then, the lens so produced will possess the required focal 
length. 

Q. 1.27. An object is placed at the focus of a concave 
lens. Where will its image be formed ? (C.B.S.E. 1999 S) 


Ans. The rays will appe c 

Therefore, a virtual image will be: med at infinity." 
Q. 1.28. A convex Iens of focal length:10‘cm ‘is*cbm- 
bined with a concave lens of focal length 15 ¢m. Find the 
focal léngth of the combination. | (Pre-degrée’Kerala, 1994) 


eis: Joga sana aenauniealdaae vor) F = 30.cm. 
fr fo...10;, -15 4,00, RS, 


Q. 1.29. Why, is the power of a lens measured.as the 
reciprocal of its focal length ? ; as Duteert 

Ans. A lens is said to possess more power, if it can focus 
the rays of light quite close i.e, if its focal length is small, For 


this reason, the power of the lenis is measured’as the reciprocal ' 


of its focal length. . re tee 
Q. 1.30. What is the unit of power of alens ?. 


(H.P.S.S.C.E. 2002) 
Ans. Dioptre. 


FAQS 
Q. 1.01. A light of wavelength 6000 Ain air, enters a 
medium with refractive index 1:5. What will be frequency 
and wavelength of light in the medium ? (LI.T, 1997) 
Ans. Here, wavelength of light in air, 
4 = 6000 A =6 x 107 m; 
refractive index of medium, yt = 1-5 


Frequency of the light does not change, when light travels 
from air to a refracting medium. 


8 
= ate toby =5x10!4,5-1 
A 6x107 
Wavelength of the light in medium, 
a SOs ant 
1:5 


Q. 1.02. A ray of light of frequency of 5 x 104 Hz is 
passed through a liquid. The wavelength of light measured 
inside the liquid is found to be 450 x 10-9 m. Calculate 
refractive index of the liquid. (H.P.S.S.C.E. 1998 S) 

Ans. Here, v = 5 x 10!4 Hz; 

wavelength of light inside liquid, A = 450 x 10-9 m 

Therefore, velocity of light in liquid, 


v=vi=5x 10" x 450 x 10-9 = 225 x 108 ms 
Hence, refractive index of liquid, 
8 
= @ = 3x10". = 1-33 
v 2.25108 

Q. 1.03. The refractive index of glass is 1-5 and that of 
water is 1.3. If the speed of light in water is 2:25 x 108 m EP 
what is the speed of light in glass ? (1.S.C.E. 1996) 

Ans. Here, “Ug = 1-5; “Ue = 1.3 

Letv,and v, be speeds of light in glass and water respec- 
tively. If c is speed of light in air, then 


—=1:5. and weskie Le 
v7 V2 
eM 1:3 
Uo, OC oxsb pose th | 
or iy pea he bose 
1:5 5 
) = 1-95 x 108 m s7! 


FREQUENTLY ASKED S. 


: e no ormed by a lens on th; 
screen is not in sharp focus. Suggest a method to get a cle { 
focussing of the image on the screen without disturbing th 
position of the object, the lens or the screen. 


o et (C.B.S.E. 1998! 

Ans. The focal length of a lens depends upon the! 
refractive index of the material of the lens, which in turr 
depends upon the wavelength of light. Therefore, clear image. 
of the object can be obtained by using light of suitable 
wavelengéh)(i'30: % ‘ta. - 
’''Q. 1.32. What are the uses of putting two lenses im 

‘ contact with each other 2? | 
| Ans. Uses. 1. To increase the magnification of the image. 


"\ sii 96 produce erect image, if the image formed by a lens 


‘isinverted, ne 7 
_ 3, To minimise spherical aberration. 
4. To increase the field of view. 


With Answers/Hints ss 


Q. 1.04. A ray of monochromatic light travelling in 
vacuum with speed c, wavelengthd and frequency, enters 
into a medium of refractive index 1-5. What will be its new 

‘speed, wavelength and frequency ? (I.S.C.E. 1995) 

Ans. Let v be speed of light in the medium of refractive 

index f= 1-5. Then, 


HORT ANSWER@® UESTIONS 


c 
u =— 
v 
or vss a 
bw 1:55 
The frequency of light in the medium will remain v 


(unchanged). 
If A’ is the wavelength of light in the medium, then 


v=vi' 

Be I SR 
a Ve MOL AC 10/804 UL 
or M =—— 


1-5 
Q. 1.05. A ray of light is incident normally on one of the 
faces of a prism of apex angle 30° and refractive index J2. 
Find the angle of deviation for the ray of light. 
(L.L.T. 1997) 
Ans. When the ray of light PQ is incident normally on the 
face AB of the prism ABC (ZA = 30°), it travels unrefracted 
along path QR and comes to incident on the face AC of the 
prism at an angle of incidence, i = 30° [Fig. 1.55]. 
A 


then. 


sin 30° : 


of refraction, 
isin been 4 


ae “= Earae Pl a gain sap 
pee eg eU pe sin'r- ge SBP Os 
eB ID® Dil We SHDe SBP IDF) Ted Bye 1 pPogen 
or: csinr = V2 sin 30° or sinr=V2xX>=—5 
c “of, “it t= 45° yahters i a vs + 


a oe The.angle of deviation, ca 


NA) = Z NRS~ ZNEX 517i = 45° ~30° = 15 

Q. 1.06. How will you explain twinkling of stars ? 
teers DH te pace (C.B,S.E. 1992 ; Text Question) 

Ans. The light from stars. undergoes refraction 


_ continuously before.it reaches earth, Due to this, the apparent 


position of a star is slightly, different than its actual position. 


“Due to the variation in atmospheric conditions, (change in 


temperature and density), this apparent position of the star 
constantly keeps on changing. The fluctuating apparent 
positions of the star give rise to the twinkling effect. 
Q. 1.07. The sux is seen a little before'it rises and for a 
short while after it sets. Explain, why. 
2 (C.B.S.E. 2002, 2000) 
Ono NASA 


ee Peer . 
~~ Watching the sunset on a beach, onecansee the sun for 


several minutes after it has “actually set’. Explain. 
“ye a (CiBi$.E.'1992 ; Text Question) 
How does refraction of light affect the length of the 
day ? 
Ans. This effect is due to atmospheric refraction of light. 
At the time of sunrise or sunset, the sun is just near the horizon. 
The line XY represents the horizon for an observer O on the 
surface of the earth as shown in Fig. 1.56. Near the surface of 
earth, air is a little denser than the outer space. The 


~~ APPARENT POSITION 
mY i Se 


~ 
~ 


REAL POSITION 


Fig. 1.56 
refractive index of the air near the surface of earth is 1-00029 
w.r.t. the outer space. Therefore, a ray of light travelling from 
the sun towards earth, travels through air, which becomes 
more and more optically denser. Due to this, it undergoes 
refraction and therefore gradually deviates towards the 
normal. As a result, to the observer O on the surface of earth, 
the sun appears at S’. The apparent shift in the direction of the 
sun is only 0-5° and the time difference between the actual 
sunset and the apparent sunset is about 2 minutes. 

Q. 1.08. Discuss refraction through a glass-slab and 
show that emergent ray is parallel to the incident ray but 
displaced. (H.P.S.S.C.z. 1996) 

Ans. Refer to section 1.04. 

Q. 1.09. A coin placed at the bottom of a tank appears 
to be raised, when water is poured into the tank. Why ? 

Or 
Why does a tank filled with water appear shallow ? 


Does the apparent depth of a tank of water change, if 
viewed obliquely ? If so, does the apparent depth increase 
or decrease?, ~ os (Text Question) 

Ans. Refer to Fig. 1.05. It is because of the normal shift 
in the position of the object due to the phenomenon of 
refraction. When the rays of light from the coin in the denser 
medium fall on the interface, the rays of light get away from 
the normal due to refraction. The point from which the 
refracted rays appear to come gives the apparent position of 
the coin. As the rays appear to come from a point above the 
coin, the coin appears to be raised. 

Q. 1.10. A stick partially immersed obliquely under 
water appears to be bent. Explain, why. 

Ans. The different points on the stick, which has been 
dipped in the water obliquely, are at different depths. Since 
the normal shift depends upon the depth of the object, the 
different points on the stick undergo different amounts of 
normal shifts and hence the stick appears bent. 

Q. 1.11. What is total internal reflection ? Under what 


Ans. Refer to section 1.07. 

Q. 1.12. Define critical angle. Write the conditions for 
total internal reflection to take place. (H.P.S.S.C.E. 1998 S) 

Ans. Refer to section 1.07. 

Q. 1.13. State the conditions for producing total inter- 
nal reflection. (C.B.S.E. 2002, 1994 ; P.S.S.C.E. 1994, 1991) 

Ans. Refer to section 1.07. 

Q. 1.14. Derive the relation between refractive index 
of a medium and its critical angle. (C.B.S.E. 1993) 

Ans. Refer to section 1.07. 

Q. 1.15. A ray of light while travelling from a denser to 
rarer medium undergoes total internal reflection. Derive the 
expression for the critical angle in terms of the speed 
of light in the two media. (C.B.S.E. 1996) 

Ans. Refer to section 1.07. It can be proved that 


sin C= z 
Ifc andv are speeds of light in vacuum and the medium, 
c 
ve v 

Therefore, sin C = — 

Q. 1.16. Refractive index of glass is 1-5. Find the speed 
of light in glass, if its speed in air is 3 x 108 m s“!. Also find 
critical angle for glass. 

Ans. Speed of light in glass, 


then p= 


8 
sae STs So a0 over! 
1:5 
If C is critical angle for glass, then 
w= or gini@ore coe = 056667 
sin p= sd 
or C = 41:8° 


Q. 1.17. Calculate the speed of light in a medium 


whose critical angle is 45°. (C.B.S.E. 2002 
1 ‘ire 
. fi = FE y} 
Ans. Now, - ait ease J 


ies lt 
or v=—= 


by cg 4 ER keel 
=2-12x108mst * 

Q. 1.18. Fig. 1.57 shows object PQ in front of a right 
angled (45°-90°-45°) glass prism. The critical angle of glass 
is 42°. Redraw this figure tracing the complete path of rays 
from P and Q into and out of the prism. 

(1.S.C.E. 1994 ; Text Question) 
Or 

Show with a ray diagram, how an image is produced 

in total reflecting prism. (LS.C,6.1996) 


Also, 


Fig, 1.57 

Ans. The path of the two rays from points P and Q 
travelling normal to the hypotenuse face AC of the 
45°-90°-45° glass prism will be as shown in Fig. 1.57. The two 
rays will undergo total internal reflection, firstly at the side 
face AB and then at side face BC. As the angle of incidence 
at the two faces is 45° i.e. greater than the critical angle (42°) 
for the glass, the ray of light undergoes total internal 
reflection. The detailed description of the total internal 
reflections at the two side faces has been given in section 1.08. 
The final image P’ Q’ will be an inverted one as shown in 
the figure. 

Q. 1.19. Fig. 1.58 shows a triangular prism of glass. A 
ray incident normal on one face is totally reflected. What can 
you conclude about the minimum value of index of 
refraction of glass ? (C.B.S.E..1995) 


A 
Q 
P 
B 
pr 
o 
G 
Fig. 1.58 
6 =90°/2 = 45° 


Ans. From Fig. 1.58, it follows that 

As the light incident at 45° undergoes total internal 
reflection, the value of critical angle for the material of prism 
must be less than or equal to 45° i.e. maximum value of the 
critical angle C is 45°. 


Since Ll = inc ‘corresponding tomaximum value of C, 
s 
the value of is minimum. 
Hence, L,,; HE Ge si/2, 
> NS singe re 
Q. 1.20. Draw ray diagram to show how a right angled 
sosceles prism can be used to (a) deviate the ray through 


, (b) devi: 1e ra ert t 
Ans. For Q. 1.20. (a) and (b), refer to section 1.08. 
For Q. 1.20. (c), refer to SAQ bgt tee rE oR 
Q. 1.21. What are the advantages of total reflecting 
prism over a plane mirror ? | 
Ans. Advantages. 1. It does not require silvering. 2. The | 
reflection of light is 100%. 3. Multiple reflections do not take’ | 
place in a reflecting prism. Due to this, only one image is 
formed, which is very bright. 4. A reflecting prism is free from 
the trouble arising out of vanishing of the silvering of mirror ; 
with the passage of time. 
Q. 1.22. How do you explain the mirage effect pro- 
duced in very hot deserts ? (H.P.S.S.C.E. 1993) — 


Or 

On a hot summer day in desert, one sees the reflected - 
image of the distant objects. Explain, why. 

Ans. It is an optical illusion, called mirage. For details, 
refer to section 1.08. 

Q. 1.23. Show through a labelled diagram the for- 
mation of mirage in deserts. (C.B.S.E. 1991 S) 

Ans. Refer to Fig. 1.09. 

Q. 1.24. Why does a diamond sparkle ? Give reasons. 

(PS.S.C.E. 2001) 

Ans. Refer to section 1.08. 

Q. 1.25. Why is the diamond brilliant ? Is it a source of 
light also ? (P.S.S.C.E. 2002 ; 1998 S) 

Ans. For brilliance of diamond, refer to section 1.08. 

No, a diamond is not a source of light. 

Q. 1.26. What are optical fibres ? Write in short about 
optical pipe. (P.S.S.C.E. 1995) 

Ans. Refer to section 1.08. 

Q. 1.27. What are optical fibres ? Give their one use. 

(H.S.S.C.E. 2002 ; H.P.S.S.C.E. 2000 ; C.B.S.E. 1992) 

Ans. Refer to section 1.08. 

Use. The optical fibres are used in medical investi- 
gations. Using an optical fibre, a doctor can examine the inside 
of the stomach and the intestine. It is called endoscopy. 

Q. 1.28. What is the main use of optical fibres ? 

(H.S.S.C.E. 1999) 

Ans. Refer to section 1.08. 

Q. 1.29, Explain with a ray diagram, how optical fibres 
transmit signals. (C.B.S.E. 1993) 

Ans. Refer to Fig 1.10. 

Q. 1.30. A luminous object is placed below a glass slab 
of thickness ft. A circular opaque disc is placed vertically 
above the object on the surface of the glass-slab. If C is 
critical angle for glass-air interface, then predict the 
minimum radius of the opaque disc so that the object cannot 
be seen from any uncovered portion of the glass-slab. 

Ans. The maximum radius of the circle through which 
the light can be received from the luminous object is given by 

r =ttanC, 


where C is the critical angle for glass-air interface and tis the 


thickness of the glass slab. For details, refer to solved problem 
1.12 and its Fig. 1.36. 

Obviously, if an opaque disc of radius r(= t tan C) is 
placed on the slab, then the luminous object will not be seen 
from any uncovered portion of the glass slab. 

Q. 1.31. When observed from under water, all the 
objects above the surface can be seen within a cone of 97°. 
Explain, why. 


Pe Ar efer to olved probl 2. It follows that 
the objects above the surface will be visible in a'cone of 
semivertical angle C, where Cis the critical angle for the water- 


air interface. 


my 
sin C 


Now, p= 


or Deeg Cokes Oouele 
pales: 


or C = 48-75° 

Therefore, required angle of the cone = 48-75° x 2 = 97° 

Q. 1.32. A fish in a tank sees the outside world as if it 
is at the vertex of a cone, such that the circular base of the 
cone is at the surface of the water. If the depth of the fish is 
dand the critical angle for water-air interface is C, what is 
the radius of the circle ? 

Ans. Refer to solved problem 1.12. The radius of the 
circular base of the cone is given by 

r=dtanC€ 

Q. 1.33. For a spherical surface, when refraction takes 
place from a rarer medium (y,) to a denser medium (y,), we 
write 

Meteo 2 ad ot tat 6 
v R 

where the symbols have their usual meanings. Now 
suppose that the object is placed in the denser medium and 
refraction takes place from the denser to the rarer medium. 
Then, rewrite the above equation. 

Ans. When the object is placed in the denser medium and 
refraction takes place from the denser to the rarer medium, the 
equation will be 


12 oath 


Hy —H2 


= 


v R 
It can be obtained from the given equation by simply 


interchanging 1, and ji. 

Q. 1.34. Can a convergent lens in one medium behave 
as a divergent lens in some other medium ? 

Ans. Yes. A convex lens made of glass behaves as a 
convergent lens when placed in air or water. However, when 
the same lens is immersed in carbon disulphide (y = 1:63), it 
behaves as a divergent lens. In other words, when a 
convergent lens is placed inside a transparent medium of 
refractive index greater than that of the material of the lens, 
it behaves as a divergent lens. 

Q. 1.35. A thin converging lens has a focal length f in 
air. If it is completely immersed ina liquid, briefly explain 
how the focal length of the lens will vary 2? (C.B.S.E. 2001) 

Ans. The focal length of the lens in air is given by 

l 1 1 ; 
* =("-1)| —-— ath) 
f Bait 2 “4 

If ’ is refractive index of the material of the lens w.r-f. 

liquid, then focal length of the lens, when placed in liquid is 


be given by 
l 1 1 
f R; Ry, 
From equations (i) and (ii), we have 
f Ua) 


f Ww-v 


..(i1) 


on immersing it in a liquid. 

Q. 1.36. The refractive index of the material of a concave 
lens is p,. It is immersed in a medium of refractive index p15. 
A parallel beam of light is incident on the lens. Trace the 
path of rays, when fly < P- (C.B.S.E. 2001 S) 

Ans. Since the refractive index of the material of the 
concave lens is greater than that of the medium in which it is 
placed, it will still behave as a concave lens. Since focal length 
of the lens increases, its diverging action will decrease. For 
course of rays, refer to Fig. 1-68. 

Q. 1.37. A concave mirror and a convex lens are held in 
water. What change, if any, do you expect in their respec-tive 
focal lengths as compared to their values in air ? 

(C.B.S.E. 2000, 1995) 

Ans. The focal length of a concave mirror has nothing to 
do with the medium in which it is placed. Hence, it will remain 
unchanged. : 

However, the focal length of a convex lens Would 
change, when held in water. It increases due to decrease the © 
value of relative refractive index of the material of lens w.rt. 
water. 

Q. 1.38. A convex lens (refractive index y/,) is immersed 
in a medium (refractive index py, )- Will it behave as a 
convergent or divergent lens, if (@ py > Py) BL < PM ? 

(Pre-degree Kerala, 1991) 

Ans. (i) When p,, > Hy: The convex lens will still behave 

bi 

HL Um 

and the lens maker’s formula gives a positive value for the 
focal length of the lens. 

(ii) When py, < Ry: The convex lens will behave as a 


as a convex lens. It is because, M is greater than 1 


concave lens. It is because, Mu, is less than 1 and hence focal 
length of the lens has a negative value. 

Q. 1.39. Explain, why an air bubble inside a transparent 
liquid behaves like a diverging lens. 

Ans. An air bubble acts as a convex lens made of air and 
placed inside water. Therefore, the air bubble acts as a lens, 
whose focal length is given by 


1 jae 
(i = gap 
f CHa Nes a 


Here, 8u, < Lie. §u,-1is negative. Since the factor 


1 1 
[2 me Z| is positive, the value off will be negative. Hence, 


the air bubble inside a transparent liquid behaves as a 
diverging lens. 

Q. 1.40. What changes in the focal length of a (a) con- 
cave mirror and (b) convex lens occur, when the incident 
violet light on them is replaced by red light ? 

(C.B.S.E. 2002) 

Ans. (a) No change in the focal length of concave mirror. 


teh rare 1 yn (2-2) 
or a lens, R, Rs 


Since, <Hy the focal length of convex lens willincrease 
on the replacing violet light by red light. 

Q.1.41. A single thin lens of focal length 30 cm is placed 
in front of the lens of a camera, the camera lens is set at 


infinity. Where sh u place an ob 
picture on the film with the extra lens ? 

Ans. To get a clear picture with the camera set at infinity, 
the light entering the camera lens must be in the form ofa 
parallel beam. The extra lens placed in front of camera lens will 
issue parallel rays, if the object to be photographed is placed 
at the focus of the extra lensi.e. at a distance of 30 cm from the 
extra lens, rad 

Q. 1.42. A camera lens of focal length 5 cm is mounted 
on a fine screw thread for adjusting the focus. What range 
of movement is needed, if the camera is to be able to take 
sharp photographs at 1 m as well as from great distances ? 


1 
Ans. For the camera lens ; — = +—= 


or 


For very distant object, u = 
erie! 


V.s5 Dit) Orbe 
For an object at 1 m from the camera, 

u=-1m=-100cm 

Ly ech 1 20-1 19 
“ooo gy Bi 199-100. 190. Of, Y= 526 em 
Since in both the cases, image must be cast on the film, the 
lens must have a range of movement of 5:26 —5i.e. 0-26 m. 

Q. 1.43. A concave lens produces a virtual and 

diminished image independent of the location of the object. 
Explain, why. 


or v=5cm 


_ Ans. From the lens equation — dlls 7’ we have 
uv 
ea aet 
ut+f 


The focal length of a concave lens is negative. Since 
distance of a real object from the lens is also negative, it follows 
that v will also be negative. Therefore, a concave lens forms 
the image on the same side of the object. In other words, the 
image formed is always virtual. 


0 


ut f 


Again, i= 


& Q. 1.01. When does Snell’s law in refraction fail ? 


Ans. Snell’s law fails, when light is incident normally on 
the surface of a refracting medium. It is because, when light 
is incident normally, angle of incidence is zero i.e. i= 0 and 


. sini } 
hence r = 0. The ratio —— no longer remains constant. 
sin r 


stead, it becomes indeterminant. 
Q. 1.02. A pile 4 m high stands in the lake, such that it 
protrudes by 1 m above the surface of water. 
Determine the length of the shadow of the pile on the 
bottom of lake, when the sunrays make an angle of 45° with 
the water surface. Take refractive index of water, p = 4/3. 
Ans. Suppose that the pile AB of height 4 m stands in the 
lake, such that its portion BQ = 3 m is inside water and the 
portion AQ = 1 mis above the water. The sunrays making an 


as otk 
and always less tha: 


Hence, a concave lens produces a virtual and diminishee 
image independent of the position of the object. : 

Q. 1.44, Draw a ray diagram showing the formation a 
image by a concave lens. Discuss the nature of the image. 
(C.B.S.E..1999} 

Ans. For ray diagram, refer to Fig. 1.30, 

The image is always virtual, erect, diminished and i 
formed on the same side of the object. . 
Q. 1.45, Define power of a lens. Give its units. 
(H.P.S.S.C.E. 2001 ; H.S.S.C.E, 1994 
Berm 

Whatis meantby powerofa lens ? Whatis one dioptre? 

. sd it tee (H\P.S.S.C.E, 1994 ; H.S,S.C.E, 1994)) 

Ans. Refer to section 1.20. © * ** gall = , 

Q. 1.46. Draw a diagram to illustrate spherical 
aberration in a convex lens. Mw OUNES CE T995)h 

Ans. Refer to Fig. 1.32. . 

Q. 1.47. Why do lenses of large aperture suffer from 
spherical aberration ? : 

Ans. In case of a lens of large aperture, the behaviour of 
the paraxial and the marginal rays are markedly different from 
each other. The two types of rays come to focus at different 
points on the principal axis of the lens. However, in case of a 
lens of small aperture, the two types of rays come to focus’ 
quite close to each other. | 

Q. 1.48. Explain, how the spherical aberration can be 
minimised. 

Ans. The spherical aberration can be minimised either 
by allowing only paraxial rays to fall on the lens or by 
allowing the marginal rays to fall. The paraxial rays can be 
obstructed by using a stop i.e. circular disc. On the other 
hand, the marginal rays can be obstructed by using a circular 
aperture. 

Q. 1.49. Red light is incident on a thin converging lens 
of focal lengthf. Briefly explain how the focal length of the 
lens will change, if red light is replaced with blue light. 
(C.B.S.E. 2001) 


Ans. Refer to SAQ 1:39. 


2 QUESTIONS: 


rilliant & UrioUS STUCGENHS mmm 


angle of 45° with the water surface will produce the images 
BQ’ and Q’S’ (= QS) of the portions BQ and QA [Fig. 1.59]. 


B Q’ Ss’ 
_ IMAGE 
*- OF PILE ™ 


Fig. 1.59 


BS’ = BO 


Q’s’=BQ 
Since in AAQS, ZQAS = ZASQ = 45°, 
Qs =AQ=1m 
} If ris angle of refraction, then 
sin i 
hea 
sin r 
AA raith eee oo et x0-7071 40-5908 
mM 4/3 4 
or # = 322-2" 
From right angled AQBQ’ 


BQ’ = BQ tan r =3 x tan (32°-2’) = 3 x 0:6257 
= 1-8771 = 1:88 m 
| Therefore, length of the shadow of the pile on the bottom 

of lake = 1-88 + 1 = 2-88 m 

Q. 1.03. Does refraction of light mean a change in the 

direction of light propagation ? 

Ans.No. The direction of propagation of light can change 
on reflection from a mirror also. 

The change in direction of light propagation, when light 
goes from one medium to another, is called refraction. 

Q. 1.04. If a plane glass-slab is placed on letters of 

different colours, then red coloured letters appear 
more raised up. Why ? 

Ans. The refractive index of glass is minimum for red 
light. Because of this, the normal shift, 


Sal aia! 
u 


is maximum for red light and the red coloured letters appear 
more raised up. 
Q. 1.05. A beam of light is converging towards a point 
on a screen, A plane parallel plate of glass is intro- 
duced in the path of this converging beam. How will the 
point of convergence be shifted ? Draw the ray diagram. 
(LT. 1974) 
Ans. Fig. 1.60 shows a glass plate introduced in the path 
of a beam of light converging to point O. 


FACE II 
on lg 


- 
- 
ce 


Fig. 1.60 

The face I of the glass plate will refract the rays of light 
at points A, and By, towards the normal so that the two rays 
will appear to meet at point Ij. However, due to refraction at 
the face II of the glass plate at points A, and B,, the rays will 
be refracted away from the normals so that the beam actually 
converges to point I,. The ray Ay I, is parallel to A;O and it 
is laterally shifted through a distance, 


TL Cela 
m 


where t is thickness of the glass plate between the faces I and 
Il. 


mately 0-5° per hour. ~ a 
™ + (a) Whervit passes in front of.a star, what do you see ? 
Discuss. thant Wha 

(b) What you would see, if the moon had an atmesphere 
like the earth? — 

Ans. (a) Light travels along a straight path from star to 
the earth through vacuum. Therefore, until the sclid edge of 
the moon cuts off the light, the star will be seen. It will remain 
fixed w.r.t. other.stars and its brightness will also remain 
constant. 

(b) If the moon had an atmosphere (shown by dotted 
circle around the moon) and the light from star S traversed its 
path through it, then light from the star would be refracted as 
shown in Fig. 1,61 and the star would seem to shift from S to 
S’. Thus, as the moon will move towards the line of sight of 
the star, the star would seem to move ahead of the moon. Due 
to scattering of the blue part of the visible spectrum from 
moon’s atmosphere, it will appear red and dim, before the 
solid edge of the moon cuts off its light. 


OBSERVER 


ATMOSPHERE 


Fig. 1.61 
« Q. 1.07. The refractive index of diamond is much 
ae greater than that of ordinary glass. Is this fact of some 
use to diamond cutter ? 
Ans. The refractive index of diamond (p = 2-42) is much 
greater than that of the ordinary glass (y = 1:5). Since sin C 


1 Fat 
= —, the critical angle for diamond is much less and is about 


24°. Therefore, if angle of incidence remains between 90° to 
24°, the light will undergo internal reflection again and again, 
till it remains between 24° and 90°. For ordinary glass, due to 
low value of its refractive index, such a range for angle of 
incidence is quite small. Because of a large range of angle of 
incidence available, a diamond cutter is able to cut the 
diamond, so as to have a large number of faces. Due to a 
large number of internal reflections taking place from these 
faces (before the ray of light finally comes out), the diamond 
exhibits brilliance. 

QO. 1.08. An empty test tube dipped into water in a 

beaker appears silvery, when viewed from a suitable 
direction. Why ? 

Ans. The ray of light incident on the water-air interface 
suffers total internal reflection, in case the angle of incidence 
is greater than the critical angle. Therefore, if the trbe:is 
viewed froma suitable direction (so that the angle of incidence 
is greater than the critical angle), the rays of light incident on 
the tube undergo total internal reflection. Asa result, the test 
tube appears as highly polished i.e. silvery. 

QO. 1.09. A fish swims ina glass tan’ se 

eye is above the level of wate, sees two fishes. Draw 
a ray diagram to illustrate this. 

Ans. Fig. 1.62 shows a fish O inside the water. A person 
whose eye is above sea water sees two fishes due to refraction 
of light taking place from the surface of water and from the 


B10 her ian errn e 


Fig. 1.62 
j e Q. 1.10. To a fish under water viewing obliquely 
-- fisherman standing on the bank of alake, does the man 
look taller or shorter than what he actually is ? 
(Text Question) 
Ans. The man would look taller than what he actually is. 
Fig. 1.63 shows a man AB standing on the bank of the lake. 


Fig. 1.63 
The rays of light BP and BQ from the head (B) of the 
fisherman, on refraction at the water-air interface, bend 
towards the normals at points P and Q and appear to come 
from point B’. Therefore, to the fish, the fisherman will 
appear as AB’ z.e.taller than what he actually is. It may be 
pointed out that as the aperture of the eye of the fish is very 
small, the points P and Q will actually be very close to each 
other. 
_. Q.1.11. What is the relation between refractive indices 
_ ¥ My M2, if the behaviour of light rays is as shown in 
Figs. 1.64 and 1.65 ? (LT. 1979) 
Ans. In Fig. 1.64: The focal length of the lens is given by 


+(£-R-2) 
ag: R; Ry, 


{2-2 | 
MGR IRR et 9 he Obes ce 


Since for a double convex lens, R = ES ‘iS. positive, it | 
au Py ch Pip idea 
follows that | 


or —— = | 
Hy j 
In Fig. 1.65 : The focal length of the lens is given by 


7(£-1 2-2) 
fo (be R; R, 


Or =}, 


Fig. 1.65 
As the lens behaves as a diverging lens, f is negative. 


Since the factor is positive, it follows that 


R; Rg 
sie a negative AA-F.24 <9 
Ho U2 
or fat <j] or 
a ) 
Ho 


Q. 1.12. A concave lens made of a material of refractive 

index yz is immersed in a medium of refractive index 

#1, @ greater than, (ii) equal to and (iii) less than Ug. When 

a parallel beam of light is incident on the lens, trace the path 
of the emergent rays in each case. 

(C.B.S.E. 2000 ; LT. 1973) 

Ans. When a parallel beam of light is incident on the lens 

of refractive index ., immersed in a medium of refractive 

index y,, the course of rays will be as shown in Fig. 1.66, 

Fig. 1.67 and 1.68, when Uy > Mil = Hy andy, < Hg respectively. 


: en fl, >, , the lens behaves as con a 
(nature of the lens changes). On the other hand, when /; = Hg, 
the lens surface becomes indistinguishable from the medium 
in which the lens is immersed. eli sing wet 

Q. 1.13. The lens shown in Fig. 1.69 is made of two 
oe different materials. A point object is placed on the axis. 
How many images the object will it form ie 
(L.I.T. 1975) 


Fig. 1.69 
Ans. According to lens maker’s formula, 


(rire er 
teu-0[ geo gy] 
f Ry Ro 
If the lens is made of two different materials of refractive 


indices say 1 and }/2, it will possess two focal lengths given 
by 


1 1 1 

— =(f2 -1)} —-- 57 
and fo H2 [2 ” 

Hence, such a lens will form two images of an object. 

Q. 1.14. Although the surfaces of a goggle lens are 
& curved, it does not have any power. Explain, why. 
Or 
Why is that sun-glasses (goggles), which have curved 
surfaces, do not have any power ? 

Ans. The two surfaces of the goggle lens are parallel i.e. 
possess same radii of curvature. Since one surface is convex 
and other concave, the powers of the two surfaces is equal but 
of opposite signs. 

The total power of the goggle lens (P’) is the algebraic 
sum of the powers of the individual surfaces i.e. 

P’=P,+P,=P+CP)=0 
Q. 1.15. A portion of a lens is broken. Will we get a 

Gh complete image of an object with such a lens ? 

Ans. Yes. But the intensity of the image will be lesser. 

Q. 1.16. A virtual image, we always say, cannot be 

we caught on a screen. Yet when we see a virtual image, 
we are obviously bringing it on to the ‘screen’ (i.e. the retina) 
of our eye. Is there a contradiction ? (Text Question) 

Ans. The virtual image produced by a spherical mirror 
or a lens acts as a virtual object for the eye-lens, which 
produces a real image on the retina. Hence, there is no such 
contradiction. 

Q. 1.17. The image of a small electric bulb fixed at the 
feds wall of a room is to be obtained on the opposite wall 


1. Explain the phenomenon of refraction at a plane surface 


: c 
separating two transparent media and show that f= —, 
where letters have their usual meanings. 3 


cae Ay Saki ies cl ee pi : op er 

3m aw ns of a large convex lens. What is the 
maximum possible focal length of the lens required for the 
purpose ?.«. “(Text Question) 

Ans. For a given fixed distance (3 m) between the object 
and its real image, the lens equation does not give a real 
solution for u and v, if f is greater than one-fourth of the 
distance between object and the image. 

Therefore, the maximum focal length of the lens 

= -" =0-75m 

@? 1.18. The image of a candle formed by a convex lens 

is obtained on a screen. Will the full size of image be 
obtained, if the lower half of the lens is painted black and 
completely opaque ? Illustrate your answer with a ray 
diagram. (LT. 1977) 

Ans. Yes, the image formed will still be of full size. The 
ray diagram showing the formation of image is as shown in 
Fig. 1.70. It may be pointed out that the intensity of the image 
will be lesser, when the lower half of the lens is painted black. 
Itis because, light gathering power of a lens depends upon its 
diameter. 


Fig. 1.70 B 

Q. 1.19. An ant is approaching a convex lens with a 

HP cniform speed upto first focus. How would the speed 
of the image of the ant formed by lens change ? 


Ans. From the lens equation, — A + a =—, we have 
Vo coat) 
cee tal 


ut f 
Differentiating both sides w.r.t. t, we have 


wr xp tu px( +0) 


or Uv 


du _ dt 
dt (ut f)? 
du ft du 


or Jp ae ap i (a) 


If and ware distances of the ant and its image from the 
d d 
optical centre of the lens, then 7 and = represent speed of 


the ant and its image respectively. 
Now, for a convex lens, f is positive and u is negative. 
2 


Therefore, the factor eo > 1. Then, from equation (i), it 
ut 


dv _ du 
follows that — > — i.e. the image of the ant moves with a 


speed greater than that of the ant. 


SHORT ANSWER QUESTIONS 


Carrying.3 Marks 


2. Define refractive index of a material. Distinguish between 
the terms absolute and relative refractive index of a 
medium. How are they related ? Give the expression for 
refractive index in terms of velocities of light. 


10. 


11. 


12, 


13. 


14. 


15; 


16. 


17. 


18. 
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What is meant by lateral shift ? Explain. For a given slab, 
what is the quantity that determines lateral shift ? Obtain 
the expression for lateral shift for refraction through a 
parallel sided glass slab. 
Discuss refraction through a glass-slab and show that 
emergent ray is parallel to the incident ray but displaced. 
(H.P.S.S.C.E, 1996) 
State generalized Snell’s law for refraction through 
multiple parallel media. Prove the relation : 
“Ue = “Up x *U. 
real depth 
apparent depth 
What is normal shift ? Explain. Obtain the expression for 
normal shift. Indicate, how this helps to determine 
refractive index of a medium. 
With the help of a ray diagram explain the phenomenon 
of total internal reflection. Obtain the relation between 
critical angle and the refractive index of the medium. 
(C.B.S.E. 2001 S) 
Define total internal reflection and critical angle. Find the 
relation between critical angle and refractive index. 
(P.S.S.C.E. 1993 ; Karnataka, 1989 S) 
What do you understand by the phenomenon of total 
internal reflection ? Give two conditions for it to take place. 
Derive the relation connecting refractive index and critical 
angle for a given pair of media. (C.B.S.E. 2001) 
Explain the phenomenon of total internal reflection. What 
are the conditions of the phenomenon ? Explain the 
meaning of the critical angle. (C.B.S.E, 1993) 
State the conditions for total internal reflection of light to 
take place at an interface separating two transparent media. 
Hence derive the expression for the critical angle in terms 
of the speeds of light in the two media. 


Prove the relation: ° 


Deduce the relation: j= 


(C.B.S.E. 2000) 
What is total internal reflection ? Define critical angle and 
give its relation with refractive index. Give one application 
of total internal reflection. (H.S.S.C.E. 1997 S) 
What are optical fibres ? How are light waves propagated 
in them ? (C.B.S.E, 1992 S) 
How do optical fibres transmit light without significant 
absorption ? Mention one practical application of optical 
fibres, ; (C.B.S.E. 1991) 
Explain the following : (i) Brilliance of diamond (ii) Optical 
fibre, 
Whatis total internal reflection? How is it applied to 
optical fibres ? (H.P.S.S.C.E. 2001) 


What is the total internal reflection ? What are the 
conditions under which this takes place ? Discuss two 
important applications of this phenomenon. 

(H.S.S.C.E, 2001) 
Explaining the ‘critical angle of incidence’, establish 
relationship between the critical angle of incidence and 
refractive index of the denser medium, considering the 
rarer medium to be air of refractive index unity. How can 
a right angled prism be used to invert the path of a beam 
of light ? (C.B.S.E. Sample Question Paper) 
(a) How do you explain the ‘mirage’ effect produced in very 
hot deserts ? 
(b) Describe with ray diagrams, the applications of total 
reflection prisms. (HIPRS!SICE. 1993) 


25, 


26. 


27, 


28. 


29. 


30. 


31, 


32. 


33. 


_* 
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al Op slesi 
diagram. Write th 
Derive a relation between the focal length of a convex lens | 
(H.S.S.C.E, 1998) | 
Derive a relation between the focal length of a lens and its | 
' radii of curvature. 


ib 


; th ft] 
eir any two uses. 


(P. 


and its radii of curvature. 


Derive lens formula from curved surface formulae. 


(H.S.S.C.E. 1993) | 


What is lens formula ? Derive it for a convex lens. 


(P.S.S.C.E. 1995, 1992, H.S.S.C.E. 1993) 
Draw a ray diagram to show how the image is formed, — 
when the object is placed between f and 2f distances from — 


a convex lens. Deduce the relation between the distances 


of the object and the image from the lens and the focal - 
(C.B.S.E. 1998) % 


length of the lens under this condition. 
Draw a ray diagram to show the formation of the image of 
an object placed between the optical centre and focus of a 


convex lens. Deduce the relationship between the object — 


distance, image distance and focal length under the 
conditions stated. (C.B.S.E. 1998) 


Draw a ray diagram to show the formation of image of an _ 


object placed between f and 2 f distances from a thin 
concave lens. Deduce the relationship between the object 
distance, image distance and focal length under this 
condition. (C.B.S.E. 1998) 
Define linear magnification produced by a lens. Hence 
derive expression for it. Also define the power of a lens and 
its unit. (H.P.S.S.C.E. 1998 S) 
Define linear magnification produced by a lens. Derive 
expression for it in terms of (i) object and image distance, 
(ii) object distance and focal length and (iii) image distance 
and focal length. 

Explain the method of obtaining the image of an extended 
object due to refraction through a thin convex lens. Draw 
a diagram to indicate the formation of a real diminished 
image. 

Give the position and nature of image of an extended object 
for different distances from a convex lens. How do you 
explain this from lens formula ? 

What is power of a lens ? Give and define unit of the power 
of a lens. How is power of a lens related to the power of its 
refracting surface ? 

What is an equivalent lens ? Obtain an expression for the 
effective focal length of two thin convex lenses placed in 
contact coaxially with each other. (Karnataka, 1989) 


What is an equivalent lens ? Obtain an expression for the 
focal length of a combination of two thin lenses placed in 
contact. 


ry ea) ESTIONS 
Carrying ar 


Discuss refraction from a denser to rarer medium at a 
convex spherical refractive surface. (H.S.S.C.E. 2001) 
Derive the expression : 
~ Ht Ha 2 oo 
[Tee Was R 
when refraction occurs from rarer to denser medium at 
convex spherical refracting surface (1, < Hi). 
(H.S.S.C.E. 2001 ; H.P.S.S.C.E. 2000 ; 
PS.S.C.E. 1996 ; Karnataka, 1992) 
Prove that when refraction occurs from rarer to denser 


medium at a convex spherical refracting surface, “i 


fa at GO ARE Fad ST 
u v R 


.S.C.E. 1999 $) | 


(P.S:S.C.E;.1991) ; 


8. 


9. 


10. 


Pit. 


12. 


13. 


th or 
refractive index, 
State the assumption made in your derivation. 
(LS.C.E. 1993) 
Establish a relation for refraction ata single spherical 
-surface, when the ray travels from rarer to denser medium 
and real image is formed.. (H.S,8.C.E. 1997) 
By stating the sign-conventions and assumptions used, 
derive the relation between distance of object, distance of 
image and radius of curvature of a convex spherical 
surface, when refraction takes place from optically denser 
to optically rarer medium. 
(H'S.S.C.E, 1998 S, P.S.S.C.E. 1993) 
Derive Lens Maker’s formula for convex surface, when ray 
travels from a rarer to denser medium. (H.S.S.C.E. 2001) 
By stating the sign-conventions and assumptions used, 
derive the relation between distance of object, distance of 
image and radius of curvature of convex spherical surface, 
when refraction takes place from optically rarer to optically 
denser medium and the image formed is virtual. 
(P.S.S.C.E, 1999 S) 
Stating the new Cartesian sign conventions, derive the 
relation between u, v and R, when refraction takes place 
from a concave spherical refracting surface. 
(P.S.S.C.E. 1999 S) 
By stating the sign conventions and assumptions used, 
derive the relation between distance of object, distance of 
image and radius of curvature of a convex spherical 
surface, when refraction takes from optically denser to 
optically rarer medium, when image formed is real. 
(PS.S.C.E. 1999 S ; H.S.S.C.E. 1998 S) 


Refraction 

dex for water is 4/3, for glass it is 3/2. A 
ray of light travelling in water is incident at an angle of 30° 
upon a water-glass interface. Calculate the angle of 
refraction into glass. [Ans. 26:4°] 


Type B. On Real and Apparent depths 


2. 


3. 


4, 


Calculate the index of refraction of a liquid from the 
followi1g into glass : 
Reading for the bottom of an empty beaker ; 11-324 cm 
Reading for the bottom of the beaker, when partially filled 
with the liquid : 11-802 cm ~ 
Reading for the upper level of the liquid in the beaker : 
12-895 cm [Ans. 1-437] 
While determining the refractive index of a liquid 
experimentally, the microscope was focussed at the bottom 
of a beaker, when its reading was 3-965 cm. On pouring 
liquid upto a height of 2537 cm inside the beaker, the 
reading of the refocussed microscope was 3-348 cm. Find 
the refractive index of the liquid. [Ans. 1-321] 
The bottom of a container is a 4-0 cm thick glass (u = 1:5) 
slab. The container contains two immiscible liquids A and 
B of depths 6-0 and 8-0 cm. respectively. What is the 
apparent position of a scratch on the outer surface on the 
bottom of the glass slab, when viewed through the 
container ? Refractive indices of A and B are 1-4 and 1:3 
respectively. (Text Problem) 
[Ans. 4-89 cm (displaced upwards)] 


Type C. On Total internal reflection 


5. 


Find the critical angle for a ray of light going from paraffin 
oil to air. Given that the refractive index of paraffin oil with 
respect to air is 1-44. (H.S.S.C.E. 2002) [Ans. 43-98°] 


15. 
16. 
17. 


18. 


19. 


20. 
21. 


22. 


6. 


7 


8. 


the lens-m ofa double convex 
ens. State the ass onvention of signs 
used. (C.B.S.E. 2001 S) 
Derive an expression for lens maker’s formula. 
(P.S.S.C.E. 1998 S) 
Derive lens maker’s formula for a thin convex lens. 
(PS.S.C.E..1998 S, 1998) 
Derive a relation between focal length of a double convex 
lens and its radii of curvatures. (P.S.S.C.E. 2002, 2000) 
Derive expression for lens maker’s formula i.e. 


‘s formula in case 
ptions made and c 


where the letters have their usual meanings. 

_ (AS.S.C.E. 1996, 1995, C.B.S.E. 1996, P.S.S.C.E. 1991) 
Derive lens maker’s formula for a thin biconvex lens. 

A (C.B.S.E. 1996) 

Derive lens maker’s formula. (H.S.S.C.E. 1995) 
Define power and magnification of a lens. Assuming 
formula for refraction at a spherical surface, derive lens 
maker’s formula 


1 1 1 
peu-n[a “ 


Draw a ray diagram to show the formation of image of an 
object placed between the optical centre and focus of a thin 
convex lens. Write two characteristics of the image formed. 
Using this diagram, derive the relation between object 
distance u, image distancev and focal length fof the convex 
lens. Draw the graph showing the variation of v with u. 
(C.B.S.E. 1999 S) 


(Karnataka, 1991 S) 


ie 
For Practice’ 


What is the critical angle for a ray going from glass into 
water ? The refractive indices of glass and water are 1:62 
and 1-32 respectively. [Ans. 54:6°] 
Velocity of light in a liquid is 1-5 x 108 m s7! and in air, it is 
3 x 108m s-1. Ifa ray of light passes from this liquid to air, 
calculate the value of critical angle. (P.S.S.C.E. 1999) 

[Ans. 30°] 
A small bulb is placed at the bottom of a tank containing 
water to a depth of 80 cm. What is the area of the surface 
of water through which light from the bulb can emerge out 
? Refractive index of water is 1:33. Consider the bulb to be 
a point source. (Text Problem) [Ans. 26149-3 cm?] 


Type D. On Optical Fibre 


9, Monochromatic light is incident on the plane interface AB 


between two media of refractive indices 1 and ply (Hz > Hy) 
atan angle of incidence@ ( just greater than the critical angle 
for the two media i.e. 6 2 C) so that total internal reflection 
takes place. Now, a transparent slab DEFG of uniform 
thickness and of refractive index }/3 (13 < M2) is introduced 
on the interface as shown in Fig. 1.71. Show that for any 


! 

Fig. 1.71 
value of #43, all light will ultimately be reflected bac 
medium of refractive index pp. 


10. 


11. 


12. 


13. 


14. 
15. 


16. 


17. 


Type F. 
18. 


19. 


20. 


surfaces . 
A convex refracting surface of radius of curvature 20 cm 
separates two media of refractive indices 4/3 and 1-60. An 
object is placed in the first medium (y = 4/3) at a distance 
of 200 cm from the refracting surface. Calculate the position 
of the image formed. (P.S.S.C.E. 2001) 

[Ans. at 240 cm in rarer medium] 
The radius of curvature of convex surface is 10 cm and if 
an object lies at a distance of 20 cm from it in the rarer 
medium, find the position of the image assuming that 
refractive index of the rarer medium is 1-0, while that of the 
denser medium is 2-0. 
[Ans. at 40 cm (in denser medium)] 
One end of a cylindrical rod is grounded to a hemispherical 
surface of radius R = 20 mm. It is immersed in water of 
refractive index 1-33. If the refractive index of the rod is 1-50, 
find the position of the image of an object placed on the axis 
of the rod inside water at 10 cm from the pole. 
[Ans. at 31-25 cm (inside water)] 
Asmall object is enclosed in a sphere of glass 7 cm in radius. 
It is situated 1 cm from the centre and is viewed from the 
side to which it is nearest. Where will it appear to be, if 
refractive index is 1-4 ? Also find the apparent position of 
the object as seen by an eye looking along diameter through 
greatest thickness of the glass. 
[Ans. 5-68 cm, 8-485 cm] 
Asmall air bubble is entrapped in a sphere with diameter 
6 cm and refractive index 1-5. When looked along the 
diameter, the bubble appears to be 1 cm inside the sphere. 
Find true location of the bubble. 


concave refracting surface of refractive index 1-5. If radius 
of curvature of the spherical surface is 20 cm, calculate the 
position of the image. [Ans. at 30 cm (in air)] 
A concave spherical surface of refractive index 3/2 is 
immersed in water of refractive index 4/3. If a point object 
lies in water at a distance of 10 cm from the pole of the 
refracting surface, calculate the position of the image. Given 
that radius of curvature of the spherical surface is 18 cm. 
[Ans. at 10-52 cm (in water)] 
A small object is 2 cm below the concave meniscus of 
water ina test tube. The radius of the meniscus is 5 mm and 
H for water is 4/3. Find the nature and position of the 
image.[Ans. virtual image, at 0-75 cm (inside water)] 


On Lens Maker’s formula 

The radii of curvature of a double convex lens are 15 cm and 
30 cm and its refractive index is 1-5. Calculate its focal 
length. (H.S.S.C.E. 1999) [Ans. 20 cm] 
The radii of curvature of a double convex lens are 30 cm and 
60 cm and its refractive index is 1-5. Calculate its focal 
length. (C.B.S.E. 1992) [Ans. 40 cm] 
The radii of curvature of the two faces of a convex lens are 


“0-1 mand 0-15 m respectively. If the focal length of the lens 


21. 


22. 


23. 


24. 


is 0-12 m, find the refractive index of the material of the lens. 
(Karnataka, 1983) [Ans. 1-5] 

Athin double convex lens has surfaces of radii of curvature 
30 cm each. Find the refractive index of the material of lens, 
if the focal length is 25 cm. [Ans. 1-6] 
A plano-convex lens (y= 1-5) has a curved surface of radius 
15 cm. What is its focal length ? [Ans. 30 cm] 
The radius of curvature of the convex face of a plano- 
convex lens is 12 cm and the refractive index of its material 
is 1-5. Find the focal length of the lens. [Ans, 24 cm] 
The radius of curvature of each face of a biconcave lens 
made of glass of refractive index 1-5 is 30 cm. Calculate the 
focal length of the lens in air. (C.B.S.E. 1996) 
[Ans. — 30 cm] 


[Ans. 1-286 cm] , 
A point object is placed in air at distance of 40 cm from a. 


26. 


75 fe 


28. 


the lens, if the refractive index of its material is 1-6. 

[Ans. 50 cm] 
The focal length of a glass convex lens in air is 15 cm. 
Calculate its focal length, when it is totally immersed in 


(P.S.S.C.E. 2001) ° 
[Ans. 60 cm] 
The focal length of a concavo-convex.lens of radii of. 
curvature 5 cm and 10 cm is 20 cm. What will be its focal © 
length in water (u = 4/3) ? [Ans. - 80 cm] © 
If the refractive index from air to glass is 3/2 and that from | 
air to water is 4/3, find the ratio of the focal length of glass 
lens in water and in air. [Ans. 4] 
A convex lens of refractive index 1-5 is immersed ina | 
liquid of refractive index: (i) 1-6; (ii) 1-3 ; (iii) 1-5. What 
changes happen to the focal length of the lens in the three _ 
cases ? (Pre-degree Kerala, 1992) 
[Ans. (i) — 8 fry; (li) + 3-25 f,,, ; (iii) ©] 


water. Given “y,, = 4/3 and “Ug AS: 


Type G. On Lens equation 


30. 


St: 


33. 


An object is placed at 0-06 m from a convex lens of focal 
length 0-10 m. Calculate the position and nature of the | 
image. (H.S.S.C.E. 2002) [Ans. At 15 cm, virtual] 
An object is kept 0-2 m from a convex lens of focal length 
0-15 m. Find the position of the image. — (C.B.S.E. 1993) 
[Ans. 0-6 m] | 
A converging beam of light forms a sharp image on a 
screen. A lens is placed in the path of the beam at 10 cm 
from the screen. It is found that screen has to be moved 8 _ 
cm further away from the lens to obtain a sharp image. Find 
the focal length and nature of the lens. 
[Ans. — 22:5 cm (concave lens)] 
An object is placed at a distance of 75 cm from a screen. 
Where should a convex lens of focal length 12 cm be placed 
so as to obtain real image of the object on the screen ? 
[Ans. 15 cm or 60 cm] 
The image of a needle placed 45 cm from a lens is formed 
on a screen placed 90 cm on the other side of the lens. Find 
the displacement of the image, if the object is moved by 5-0 
cm away from the lens. (P.S.S.C.E. 2000) 
[Ans. 15 cm (towards the lens)] 
If the distance between the screen and object is 50 cm and 
the displacement of the lens is 10 cm, calculate the focal 
length of the lens. [Ans. 12 cm] 


Typé H. On Linear magnification 


36. 


37. 


38. 


39. 


40. 


41. 


An object is placed at a distance 5 cm from a convex lens 
of focal length 10 cm. Calculate the position and magni- 
fication of the image. (C.B.S.E. 1992) [Ans. — 10 cm, 2] 
Where should an object placed from a converging lens of 
focal length 20 cm, so as to obtain a real image of 
magnification 2 ? (C.B.S.E. 2001) [Ans. at 30 cm] 
At what distance should an object be placed from a convex 
lens of a focal length 10 cm, so as to obtain an image twice 
the size of the object ? 

[Ans. at 15 cm (for real image), at 5 cm (for virtual image)] 
At what distance should an object be placed from a convex 
lens of focal length 15 cm to obtain an imag e three times the size 
of the object ? 

[Ans. at 20 cm (for real image), at 10 cm (for virtual image)] 
Alens placed at a distance of 20 cm from an object produces 
a virtual image 2/3 the size of the object. Find the position 
of image, kind of lens and its focal length. 

[Ans. at 13-3 cm on the same side as object, 

- 40 cm (concave lens)] 

The image obtained with a convex lens is erect and its 
length is three times the length of the object. If the focal 
length of the lens is 15 cm, calculate the object and image 
distance. (PS.S.C.E. 1991) [Ans. — 10 cm, — 30 cm] 


a convex lens placed in between produces an image 

magnified 4 times on the screen. Calculate the focal length 
and the position of the lens. 

[Ans. 24 cm, at 120 cm from screen 

and 30 cm from the object] 

43. A lens of focal length 12 cm produces a virtual image, 

whose linear dimensions are 1/3 that of the object. What 

kind of a lens is it ? Determine the position of the object and 

the image. [Ans. diverging, 24 cm, 8 cm] 


Type I. On Power of lens. _ 


44. Alens has a power of + 5 D in air. If completely immersed 
in water, what will be its power ? Given, refractive index 

of glass = 3/2, refractive index of water = 4/3. 
[Ans. 1:25 D] 
45. Find the ratio of the powers of a glass lens in water and in 
air. Given, refractive index of glass = 1-50, refractive index 
of water = 1-33. [Ans. 0-256] 
46. A glass convex lens has a power of + 10 D. When this lens 
is totally immersed in a liquid, it acts as concave lens of 
focal length 50 cm. Calculate the refractive index of the 


liquid. Given “y, = 155. (PS.S.C.E. 2001) [Ans. 1-67] 


Type J. On Equivalent lens 
47. What is the focal length of the combination of a convex 
lens of focal length 30 cm in contact with a concave lens of 
focal length 20 cm ? Is the system a converging or a 
diverging lens ? ignore thickness of the lenses. 
[Ans. — 60 cm (diverging)] 


xs a 3 
1. Here, Hw = 3 and he 
ek ea 
hee 270" 8 
: sini _ sin 30° 
Now, sin r= = =0:444 or r=26-4° 
Le 9/8 


2. Real depth = 12-895 — 11-324 = 1571 cm 
Apparent depth = 12-895 — 11-802 = 1-093 cm 

__realdepth = __1:571 

~ apparent depth 1-093 

3. Proceed as in problem no. 2. 

4. Total normal shift, d =d, +d, + as 


eae) Pees vali }eal =) 
Gu Fup aun 

4-0 (12) 416-0 [tae e0 | 

1-5 1:4 (We, 


= 1.33 + 1:71 + 1-85 
= 4-89.cm (displaced upwards) 


Now, = 1-437 


Be st 3 AY 36 %004 
uw 1:44 


. C=43-98° 
6. Proceed as in solved problem no. 1.10. 
Sa 108t 
ES 475x108 
Now, proceed as problem no. 5. 


8. Proceed as in solved problem no. 1.12. 
9. Let C be critical angle, when light is refracted at the 


interface AB between two media of refractive indices, and 


49. 


50. 


51. 


52. 


53. 
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A concave lens is placed in contact with a convex lens of 
focal length 25 cm. The combination produces a real image 
at a distance of 80 cm, when the object is at a distance of 40 
cm. What is the focal length of the concave lens ? 
(Pre-degree Kerata, 1992) [Ans. — 400 cm] 
Two thin lenses of focal lengths + 10 cm and —5 cm are kept 
in contact. What is the (i) focal length and (ii) power of 
combination ? (C.B.S.E. 1993) [Ans.—10 cm,- 10D] 
Two lenses of focal lengths 10 cm and - 20 cm are placed 
in contact. What is the total power of the combination ? 
(PS.S.C.E. 1999) [Ans. 5 D] 
A convex lens of focal length 30 cm and a concave lens of 
focal length 60 cm are placed in contact. Find the power of 
the combination. (Karnataka, 1985) [Ans. 1-67 D] 
Two lenses of powers 15-5 D and — 5-5 Dare placed in 
contact. What is the focal length of the combination. 
(PS.S.C.E. 1999) [Ans. 0-1 m] 
Two thin lenses of power + 5 D and — 3 D are in contact. 
What is the focal length of the combination ? 
(C.B.S.E. 2001 S) [Ans. 0-5 m] 
A concave lens is kept in contact with a convex lens of focal 
length 20 cm. The combination works as a convex lens of 
focal length 50 cm. Find the power of the concave lens. 
(PS.S.C.E. 2002) [Ans. — 3 D] 
Two lenses of powers + 15 D and —5 D are in contact with 
each other forming a combination lens. (2) what is the focal 
length of this combination ? (0) An object of size 3 cm is 
placed at 30 cm from this combination of lenses. Calculate 
the position and size of the image formed. (C.B.S.E. 2002) 
[Ans. (2) 10 cm (b) 15 cm, — 1:5 cm (inverted)] 


SOLUTIONS/HINTS TO. NUMERICAL PROBLEMS FOR PRACTICE 


My. Then, 
sin 6 =sin C= ae 
Ma 
On introducing slab DEFG : 
Case (i) When 3 <,: 
Then, M3 vie 
Mae #2 
; Meee ee. : 
Since —2 <1 | it follows that when light travels from 
Haw tude 


medium of refractive index j/, to “3, the value of critical 
angle will be less than C. Therefore, if light is incident at 
angle @ (=C), it will go back into medium after suffering 
total internal reflection. 

Case (ii) When 13 >; : 

Since (43 > #1, 9 < C and hence the ray of light will be 
refracted into medium 1, as shown in Fig. 1.72. 


Fig. 1.72 

The angle of refraction 6’ is given by 
oe Be = #3 or sin@’= M2 sin 0 
sin’ My 3 

or sin = 2. FL or sin g’= fi. 


M3. H2 M3 
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ray of light will return back into the medium s,. 


wail Wild ey 2. ee Sh: 
Un th 
Baa) a Pen ae ante 
iy 4/3 , 1:60 _1-60~4/3 
—200 v 
or v=240cm (in denser medium) 
Proceed as in problem no. 10. 
ed eb co Re et A i 
UY wD R 
R= 20 mm = 2 cm, “, = 1:33, uy = 1:5 and u=-10 cm 
_ 1:33 a ks Bay es ee) 
=10" 78 z 
or v = — 31-25 cm (inside water) 
When object is viewed from the side to which it is nearest 
u=-(7-1)=-6cm,R=-7cm,p=14 
Now, und gradi or =14) des dt 1:4 
uv R —6  v -7 
or sel eee or v=-5-68 cm 
i Digiaey 6 
When object is viewed through the greatest thickness of 
glass : 
=-(7+1)=-8cm,R=-7cm,nu=1-4cm 
It will be obtained that 
v =— 8-485 cm 
v=-1cm,R=-6/2=-3cm,mu=15 
_ malt Eestisie5 
BS Sly or rere tes 
a Ce alata god MRAM ak 
or = =-1-5° or u=-—1-286cm 
u 
v=-40cm, R=-20 cm, =145 
Toa 1 151-527 
—-—+-—= — —_ + —_ = 
0 eee mde ee ee 
or u =—30 cm (in air) 
u=-10cm, R=- 18cm, 4, = 4/3 and py = 3/2 
Now, — ft 422427 m1 
7 de R 
_ 4/3 3/2 _ 3/2-4/3 
SMU sO) 19 
or v=-10-52 cm (in water) 
u=-2cm,R=5mm=05cm,yu = 4/3 
Now, wie tea or Nl ah 
Ls) R Spee NS, 0:5 
or v=-0-75 cm (virtual image inside water) 
1 1 1 
Now, —= uf t- 2) 
f R; Ry 
oF jg pots tei 
1o=-30 
or =f =20cm 
Proceed.as in problem no. 18. 
Proceed as in\problem no. 18. 
Proceed as in problem no. 18. |... _ : a 
RD Ba edA eM) Bs F 2)! 45 19. Wog e1otsiotT 


Now, ati ot ag. oa Bt 


R; R2 


— 


Thus, angle 6’ is greater than critical angle for pair of media 
Hy and 3 and therefore total internal reflection will take 
place at face FG. After undergoing refraction at face DE, the 


25. 


26. 
27. 


28. 


29. 


30. 


=(15- o(Z-4 
—0o 

or f=30cm 

Proceed as in problem no. 22. 

R, =- 30cm; R, = 30cm ;u=155 


1 
Now, anet 10) 
f Mie (2 tI 


1 
=(1-5- (4-4) 


or f=-30cm 
R, = 15cm, R, = 30 cm, u = 1-6 


or f=50cm 
Proceed as in solved problem no. 1.26. 
R, =-5cm, R, =- 10cm, f,;,=- 20cm 


1 1 1 
Now, ar 2-1) RR 
ae ei en) 
or Ug =15 


When lens is immersed in water : 


bea ploy [t-z) 
fo = hy R; Ro 
get, (4-4) 
ears 55! TLIG 


or f,,=-80cm 


Proceed as in solved problem no. 1.26 and then find the 


ratiof,i,/fy- 


(i) Here, Ue = =146 


or f= 78 fair 
(ii) Here, # Hy = 1:3 


a 
Leal Sele [2-2 )-(8-1). 2 
fi ay R,; Ry} \13 fair 
or f,=+3-25f,;, 
(iti) Here, py, = 1:5 


a 
BN fea (2-2). Leeson 
fi My R; R, 15 Tai? 
i | 


or f= 

u=-0:06m=-6cm, ‘f=0-10m=10cm 

Now, reieahee he or navereieiks 
fun ek eg ye Vf HS) ho 10 


or v=-15cm (virtual image) 


33. 


34. 


35. 


36. 


37. 
38. 


' 32. u=+10 


a | bas ph 
cm,v=+(10+8)=+18cm 
Leal 1 Tare L 


vw af 10- 18+. f 
or = — 22-5 cm (concave lens) 
Here, f = 12 cm, Sa 
distance between object and image (screen) = 75 cm 
If v is the distance of image from the lens, then 


=-(75-0) 


Now, 


Row bea es OGanEs += 
ed) 
or v*—-75uv+900=0 


75+ (75) —4x1x 900 


Z 
75+ 45 
= 5 =60cm or 15cm 


One C= 


Therefore, distance of object from the lens, 

lul =75-60 or 75-15 ie. 15cm or 60cm 
Here, u=-45cm, v=90cm 
He ge Ltn he 

ioe RE ROT Diy Se EIS, TTF 
When object is moved away from the lens by 5 cm: 
u’=-(45+5)=-50cm 
Teem cletted {! 1 
HIND ff 
or v’ =75cm 
Therefore, distance through which image moves, 

v—v' =90-75 = 15 cm (towards the lens) 
Distance between object and image (screen) = 50 cm 
In first position of object: Ifv is the distance of image from 
the lens, then 
u=-(50-v) 


Now, — 


or 50-0 + oe SAG) 
In second position of object: When lens is moved towards 
the screen through 10 cm, distance of image from the lens 
becomes v’ = (v — 10). Likewise, distance of object from the 
lens becomes 
u’ =-{50—(v - 10)} =- (60 -v) 
1 1 1 


Now, — ue So Ol ie 
‘aagibeyte VF -(60-—v) v-10 f 
1 1 1 ? 
Tn ghieoray maneO” Ff ri 
From equations (i) and (ii), we have 
: 45 Pameg uF : or v=30cm 
50-v v 60-—v v-—10 


Substituting for v in equation (i), we get 


Proceed as in solved problem no. 1.32. te 
When image formed is real: Ora eo" ae 
m=-2,. f=10cm ‘ 
10 yeti wert 
‘or: u=-15cm 


Now, sat Sd Fi Os e2= ea 
— alt lO... - 


psvagers bey 
PRRALOS tsk 


39. 
40. 


41. 


42. 


43. 


_ When image formed is virtual : 


m= +2, f=10cm" 
hecho oder 
ut f = uci ge! io yes 


Proceed as in problem no. 38. 


Now, m= 


Here, u=-20cm, m=+ 5 (virtual image) 


Now se sk a or Matar Bab 
4 ut f 3. —-20+f 
or f =- 40 cm (concave lens) 
1 
J Ney ie ea COY A le 
v —20 v~*—40 
or v =-13-3 cm 
Here, m = + 3,f =15cm 
Nostieeesee = = ue or u=-10cm 
ut f u+15 
Also, m=t or 3-2 or v=-30cm 


As the image is produced on the other side of the object, it 
must be real in nature. 
a m=—4 
Also, distance between object and image (screen) = 150 cm 
If v is the distance of image from the lens, then 

u =—(150-v) 
v 


Now, ise Oo 4 —— 
u — (150 — v) 
or v=120cm 
Ps u = = (150-120) =-30 cm 
i.e. lens should be placed at 30 cm from the object and at 120 
cm from the screen. 


: 1 1 1 Alyse 
Again, -—+—=— or = +7 0=— 
u fi 30, 120, af 

or f=24cm 


The virtual image produced by a convex lens is always 
magnified. Since m = 1/3 (diminished), the lens cannot be 
a convex lens. Hence, it is diverging in nature i.e. 


f=-12cm 
iain ne ee Ut eee 
ut f 3 past (12) 
or u=—24cm 
Also, esi or oh Sal pe or v=-8cm 
f 3 =12 
1 
Focal length of lens, f= == 2 =0:2m 
Pol 
ae 


non p(s) 


Pee ft 
0:2 fi Ry R> 


or ——-—=10 


When lens is immersed in water : 


pod a Cee Ae yd ivbis Pica se4et% F 
heoater fib Ry Ra pS aS ep Joss oS 


P ~uotnicures fr Oe HAG WIT « 
b Ger evo sor mf e656 DISDOTT rs 
OE Dcleniecin O'S 


8m 
Therefore, power of lens, whén'iminersed if water, 5% 


{ t ‘ \ } 


oy 
0-8 \ (we) 


45. 


46. 


47. 


-a-s0-0( 2-2) 
R; R, 
P ., =05 | : 
or = OY a 
air Ry Ro 
a 
1 He 1 il 
Also, on ae Ne, Sea a 
Sanater os [2 a 
by TBO EAE odo 9 1. 
1:33 R; R, 
1 1 
or Pryater = 0128 (2. im z) 
From equations (i) and (ii), we have 
P 
Pair 
Here, P=+10D 
| 
f= =—=—=0-1m=10cm 
1D wish 


rea a 

& 2B ees 
When lens is immersed in liquid : f, = - 50 cm 
" Twit bite e L) 
ow, rie rey 

fr \"m J\R1 Re 

1 PSS) tise 
or Ps = ia ee 

50 Me 
or 4u) = 1-67 


Here, f, = 30 cm, fy =- 20 cm 

N il 1 f 1 1 1 
On == —— 

f ff see— 20 

or f=-60cm (diverging) 


(i) 


..-(ti) 


48. 


49. 


BO. 


aur wed a 
For the combination : 
u=—-40cm;v=80cm 


cope eae itarc 
Ste, ea a gee Al PEO ee 
or f =80/3 cm 
Fe] SRM 3 1 1 
Also, ==—+— = Sac thiizar 
yr se he 80 25 fe 


or f,=-400cm 
1g 1), ae at 


(a) = le ie or f=-10cm 
foie fiipinslg ss Oe 8 f 
1 ‘ 
P= a =- 
et f Gnmetre) —-0-1 ap 
Proceed as in problem no. 49. 


Proceed as in problem no. 49. 

Power of combination, 
P=P,+P,=155+(-55)=10D 

Therefore, focal length of combination, 


Proceed as in1 roblem no. 52. 
Here, f = 50 cm, f; = 20 cm 


N 1 ff 1 TAY A ie 1 
OWn > ae ee OGe) os eee cae 
rape 2 50 20° fa 
100 i 
or 9 = em = Th 

3 3 
Therefore, power of concave lens, 


pe 1 raed sow 

2 fo(in metre) —1/3 ~ 

(a) Power of combination, ’ 
P=P,+P,=15+(-5)=10D 

Therefore, focal length of combination, 


-3D 


Aes isl 
if BY iG” Im=10cm 
(b) Here, u =—30 cm 
peigsnpalanee auniiogy wip goals, 
Teme Mae J = 30_,..v.:,,10 
or v=15cm 
i 10 1 


Alsa it ttf 30410 . £2 


Therefore, size of image = 3 x | — 5 


=-1-5 cm (inverted) 


a 


Dispersion 


m8 2.01. PRISM 

A prism is the portion of transparent refracting medium bound by two plane surfaces 
eeting each other along a straight edge. 

The two plane surfaces are called refracting faces and the line along which the 
wo faces meet is called the refracting edge of the prism [Fig. 2.01]. The angle between 
he two refracting faces is called the angle of the prism and is usually denoted by A. 


ge 2.02. REFRACTION THROUGH A PRISM 

Consider that a ray of light PQ is incident on the refracting face AB of the prism 
it point Q as shown in Fig. 2.02. According to the laws of refraction, at point Q, the 
ay of light PQ is refracted along OR towards the normal NQ. The refracted ray OR 
gain suffers refraction at point R on the second refracting face AC and emerges out 
»f the prism along RS away from the normal N’R drawn at the point R. The rays 
PQ, QR and RS are called incident ray, refracted ray and emergent ray respectively. 

Also, Z PQN = i (angle of incidence), Z SRN’ =e (angle of emergence), 
ZRQO = 1, (angle of refraction at face AB) and Z QRO = r, (angle of refraction 
at face AC). Produce SR backwards, so as to meet the ray PQ at point T, when 
produced. Then, 

KTS = Sis called angle of deviation. 

Since ZTQO=i and ZRQO=1, we have 


ZTQR=i-1; 
Also, ZTRO =e and Z QRO= 1p. Therefore, 
ZTRQ=e-1y 


Now, in triangle TOR, the side QT has been produced outwards. Therefore, 
the exterior angle 6 should be equal to the sum of the interior opposite angles 1.e. 
S= ZTOR+ ZTRQ= (i- 1) + (= 1) 


or 5=(i+e)- (1%, + 15) A201) 
In triangle QRO, the sum of the angles is 180°. Therefore, 
tytt2t+Z QOR = 180° ...(2.02) 


In quadrilateral AQOR, each of the angles AQO andARO is 90°. Since the sum 
of the four angles of a quadrilateral is four right angles, the sum of the remaining 
two angles should be 180° :.e. 


A+ Z QOR = 180° (205) 
From the equations (2.02) and (2.03), we have 
ty +12= A (2.04) 
Substituting for (r,+ rp) in equation (2.01), we have 
56=(ite)-A 
or A+ d=i+e + .2:05) 


Thus, when a ray passes through a prism, the sum of the angle of prism and the 
angle of deviation is equal to the sum of the angle of incidence and the angle of emergence. 


sin (A+ 6,,)/2 re 
To proveh=—— ayn -The deviation produced by a prism depends 


ne 

(i) angle of prism, (ii) material of prism and (tit) the angle of incidence. 

If the angle of incidence is increased gradually, the angle of deviation first 
decreases, attains a minimum value (6,,,) and then again starts increasing [Fig. 2.03]. 
When angle of deviation is minimum, the prism is said to be in minimum deviation 
position. A prism can deviate the incident ray through the same angle 6 for two 
different valuesi, and i, of the angle of incidence. But when it is placed in minimum 
deviation position, there is only one angle of incidence corresponding to the angle 

679 


REFRACTING 
EDGE 


Fig. 2.02 


ANGLE OF DEVIATION ——> 


i] 

| 

1 

O re 1 ip 

ANGLE OF INCIDENCE —> 
Fig. 2.03 


of minimum deviation. In other words, 
the angle of deviation is minimum. ee Te Sy geew 

It can be proved that when the prism is placed in minimum deviation position, 
the prism lies symmetrically wrt. incident ray and the emergent ray, i.e. the angle 
of incidence is equal to the angle of emergence. Further, in minimum deviation 
position, the angle of refraction at the first face and that at the second face are also 
equal and the refracted ray passes parallel to the base of prism. 

Therefore, when 6 =6,; (in minimum deviation position), 

e=i and fr,=r, =r (say) 
Setting r, =r, =r in equation (2.04), we obtain 


r+r=A 
or r=A/2 
Also, setting 6 = 6,, and e =i in equation (2.05), we have 
A+6,=iti 

or i =(A+6,)/2 
The refractive index of the material “Hy or simply 1) of the prism is given by 

_ sini 

~ sinr 

2 sin(A+6,,)/2 (2.06) 

sin A/2 


Mls 2.03. DEVIATIONTHROUGH A PRISM OF SMALE: ANGLE 
The deviation produced by a prism depends upon the angle of prism. In case 
of a prism of small angle, the deviation produced is small. 

_ _ Refer to Fig. 2.02. When a ray of light PQ is incident on the refracting face AB 
of the prism at the angle of incidence i, it gets refracted along QR making angle of 
refraction equal to rj. If is the refractive index of the material of the prism, then 
from Snell’s law 

sini 


ai Caper. (2.07) 


If the ray of light is incident at a small angle (~ 10° or less) i.e. angle i is small, 
then r,will also be small. When the angles i and r, are small, sin i~iand sin ry=T}- 

Therefore, from equation (2.07), we have feel 

p= 
it 

or 1=Ur, 

The refracted ray QR comes to be incident on the other refracting face AC of 
the prism at angle r, inside the prism and gets refracted out of the prism along RS, 
making angle of emergence equal to e. 

Therefore, for refraction at face AC, we have 


oe. .am. ss sin e 


~ sin op) 
If the prism is of small angle, then the angles e and r, will also be small. For 
such a prism, the above equation becomes 


e 
[oe 
py) 
or €C=U1y 


_ Again, for a prism of small angle, angle of deviation 6 for a ray of light is 
practically the same as the angle of minimum deviation. Therefore, for a prism of 


small angle, , < ‘ 


OR ee HAO git ee Seem eenny om) 
hh OR tA 
~~ Substituting for i and e, wehave 
ee } 6= (ur + HT) -A=U(r,+17,)-A 


} 
When the | prism is placed in minimum deviation position, 


on 5=A(t-1) 


.2yet bot bas teloiv 10t noiereqait 
‘ en 


(2.08) " 


Key point 


if «} Z 
eh hh AL RRA S457 


ROU ETIO A Mtaviar = A €).. acd 
g Bega Ch... . 


PATS W PESTO oe Dee oe 


The equation giv d by a prism of small angle, 
provided the ray of light is incident such that the angle of incidence is small. It may 
be pointed out that in such a case, the deviation suffered by the ray is independent of the 
angle of incidence. 


game 2.04. DISPERSION 
Ifa beam of white light is made to fall on one face ofa prism, the light emerging 
“from the other face of the prism consists of seven colours namely violet (V), indigo 
(1), blue (B), green (G), yellow (Y), orange (O) and red (R) as shown in Fig. 2.04. 
The seven constituent colours of white light can be remembered by the word 
VIBGYOR. The deviation suffered by the violet colour is maximum, while that 
suffered by the red light is minimum. 
This phenomenon of splitting up of white light into its constituent colours is called 
dispersion of light. 
Further, the band of seven colours produced on the screen is called spectrum. 
Cause of dispersion. The different colours of light are due to different ‘ 
wavelengths. The wavelength of violet light is smaller than that of red light. Fig. 2.04 
Cauchy obtained expression for the refractive index of a material in terms of 
the wavelength of the light. It is given by 
Ds ue 
Feet ad. eae ...(2.09) 
where a, b andc are constants for the material. Since wavelength of violet light 
is smaller than that of red light ; from this formula, it follows that the refractive index 
of the material for violet light is more than that for red light i.e. 
Hy? Hy 
For a small angled prism, we have 
56=A(u-)) 
Since p1,, > ,, the violet light will suffer greater deviation than that suffered 
by the red light i.e. 


A prism disperses white light i to 
constituent colours due to the fact that 
light of different wavelengths undergo 


equal deviations, whil 

prism. It is becai 
of the material of a prism depe’ 
the wave length of light. 


6, > 5, ...(2.10) 
The other colours will deviate through angles having values between 6, and 
6,. Thus, white light consisting of different colours will emerge from the glass prism 
in different directions due to their different wavelengths, which is termed as 
dispersion. 
Note. The refractive index of a material for yellow light (#4) is practically equal 
to the mean of the refractive indices or the violet and red lights i.e. 


N 


For this reason, yellow light is called mean light) 6" 
gum 2.05. ANGULAR DISPERSION AND DISPERSIVE POWER 

Angular dispersion. The angular dispersion produced in a ray of white light 
by a prism may be defined for any two colours. 

The angular dispersion for any two colours may be defined as the difference in 
deviations suffered by the two colours in passing through the prism. 

Fig. 2.05 represents the deviations produced in the path of violet, yellow and 
red rays of light by a prism of small angle. It follows that the constituent colours of 
white light disperse in an angle @. The angle @ between the extreme violet and red 
rays of light is called angular dispersion produced by the prism for violet and red 
lights. 

Thus, angular dispersion for violet and red rays is given by 

@=6,-45 

Let y,, and p/, be the refractive indices of the material of the prism for the violet 
and red colours. 

If A is the angle of prism, then 


6,=A,-) 
and 6, =A (u,-1) si e 
i §,-6,=A(u-1)-AG,- VD oh siglo ly, neem 
or 6, - 6, = A Aor 7) (2.11) A ys i 


The equation (2.11) gives the angular dispersion for violet and red rays. ,, _ 


< = . i) ee Se = 
er a ee ie eee oe 


Dispersive power. The dispersive power of a material for any two cc may be 
defined as the ratio of the angular dispersion for these two colours to the deviation suffered 
by mean light. It is denoted by @. 

If 6, — 6.is the angular dispersion for violet and red lights and 6, the deviation 
suffered by mean light, then 


« rar a 


re ae 


violet and red lights. 
Note. 1. It may be pointed out that the vioiet light, owing to its small 


05-0, 
o= cali (2.12) 
If p is the refractive index of the material of the prism for mean light and 6, 
the deviation suffered by it, then 
6=A(u-1) 
Substituting for 6, — 6, and 5in equation (2.12), we have 
= A(u o Hy) ; 
A(u-1) ; | 
or @=FeTbr bt big oj 
u-1 
The above equation gives dispersive power of the material of the prism for : 
. 


wavelength, is harmful to the eyes. Because of this, angular dispersion and the 
dispersive power of a material are measured for blue (in bette ih iolet) and red lights 
in experimental spectroscopy. Therefore, __ igatart 3i ue aes 
ae Ly - nah holy bo tipaiay sy oF ars 

ees 1 T ota eythetis onadits ee ee is seRIO) 

H- eo ee. TOA ETH re 


WPA a 


2, The Fraunhoffer lines F, D and C in the solar spectrum possess wavelengths 


Mag 2.06. DISPERSION WITHOUT DEVIATION 
Two prisms of different materials and different suitable angles can be combined 
so as to produce only dispersion and no deviation in the path of the light of a 
particular colour. (pe, Rayo wT th ie tiene ey cossatiaein. | 


tb a 


5 , 
t 
a 


Condition for no deviation. Suppose that two prisms, one made of crown glass 
and the other of flint glass are placed together keeping their bases opposite to each 
other. Let A and A’ be the angles of the crown glass and flint glass prisms 
respectively. Let y,,, 4 and p, be the refractive indices of the crown glass for violet, 
mean and red lights ; while ,,’, ¢ and y,’ be the corresponding values for the flint 
glass. The angles and materials of the two prisms are chosen, so as to produce 
dispersion without deviation in the path of mean light as shown in Fig. 2.06. 

The deviation suffered by mean light through crown glass prism, 


é=A(u-1) 
Also, the deviation suffered by mean light through flint glass prism, 
6’ =A’ (u-1) 
So that the combination does not produce any deviation, 
6+6'=0 
or A(u’-1)+A’ (u’-1)=0 
wm D peowadtie! 21), 
; A wl When two prisms (of different m 
The negative sign indicates that the two prisms have to be placed in opposite _and angles of prism) are combined 
manner. The equation (2.14) is condition for no deviation. produce dispersion without deviation, 


Net angular dispersion. The angular dispersion produced by the crown glass _ condition given by equation (2.14) 
prism, ‘to no deviatio on in the path of : 


6, 5 6, aa (H,, z u,) 
Also, the angular dispersion produced by the flint glass prism, 
6,” q 6,’ =A’ (Hy —u,’) 
Net angular dispersion = (6,-6,) + (6;'- 6,’) 
=A (4, -H) +A’ (Hy =H; ') 


A’ 
=A (a — fy) + A 


(y’— us| (2.15) 


Rei, ote?) 


‘alii iliac ulate narra | 
uation (2.14), substituting for mr ee have 


m e 


net angular dispersion = A G = Uy) = < 7 oe H)| 
U _— 
Hy — Hy it, le 
=A(u-1 - 
(Ml | iy od 
= 6(@- @’) (2,16) 


The equation (2.15) or (2.16) gives the net angular dispersion produced. 

Discussion. 1. In equation (2.16), since @’ > @, the factor @- a and hence 
(@ — @) is negative*. It implies that the order of the colours in the spectrum due 

combination is opposite to that due to crown glass prism alone. 

2. Since (u’ — 1) > (u— 1), from equation (2.14), it follows that 

A> A’ 
. to produce dispersion without deviation, the angle of crown glass prism ts greater 
an that of flint glass prism. 
ge 2.07. DEVIATIONWITHOUT DISPERSION 

When white light passes through a prism, it suffers deviation as well as 
ispersion. However the two prisms of different material can be combined so as 
y produce deviation in the path of light, without producing any deviation. The two 
risms, one made of crown glass and the other of flint glass, are placed together 
eeping their bases opposite to each other. 

Condition for no dispersion. Let A and A’ be the angles of the crown glass 
nd flint glass prisms respectively. Let ,, # and p1, be the refractive indices of the 
rown glass for violet, mean and red light, while p,,, 1’ and p,’ be the corresponding 
alues for the flint glass. The angles and the materials of the two prisms are chosen 
9 as to produce deviation without dispersion [Fig. 2.07]. 

The angular dispersion produced by crown glass prism, 

6,- 6, =A (y- #,) 
Also, the angular dispersion produced by flint glass prism, 
6,’ aa 6,” cei Hy’ is, U,) 

So that the combination does not produce any dispersion, 

(6, - 6,) + (6,’- 6, = 0 
or A (y,,-#,) +A’ (vu, -H,) =9 e2.b7) 
Ne 


DoT. ovals 
or rr By irtihes Ft LO) 
The negative sign indicates that the two prisms should be placed in opposite 
nanner, The equation (2.18) is called the condition for no dispersion or condition 
‘or achromatism. It can be put in another form as obtained below : 
Multiplying and dividing the first term of the equation (2.17) by (wv - 1) and 
he second term by (y/’ — 1), we have 
AG 1) Hore pai). Pe Fr 29 (2.19) 
pk p= 
But A(u-1)=6 and A’ (u'-1)= 6. 
the deviations suffered by mean light through crown and flint glass prisms 
respectively. Also, 
Hy ~ Ur = My ~ Hr =r 
u-1 ie 
the dispersive powers of the crown and flint glasses respectively. 
Therefore, the equation (2.19) becomes 
da+ 6 w' =0 


or = =- be ...(2.20) 
a) 


) | 
Hence, for no dispersion, the materials and the angles of the two prisms should be 


When two prisms are combined to as to 
produce dispersion without deviation, the 
order of constituent colour in emergent 
light is opposite to that inside the first 


prism. 


RRS es RSS IE 


= 
= 


ii 


chosen, so that their dispersive powers are in inverse ratio of the deviations suffered by mean « 


light through them. 


*The dispersive power of flint glass is greater than that of crown glass i.e. @’ > @. 


Also, the deviation suffered by mean light through flint glass prism, 


6'=A’ (u’-1) 
Net deviation =d+6' 
=A(w-1)+A’ (u’-1) 242,21) 
A’ (uw —1) 
=A) | ————— 
(u | eee] 


A’ 
From equation (2.18), substituting the value of eatig have 


net deviation -aq—nfr- Gombe Ht) ayy (1-2) 
HMy-H, H-1 @ 


, 


or net deviation = 6 (1 =i -(2.22) 

The equation (2.21) or (2.22) gives net deviation produced. 

Discussion. 1. In equation (2.22), since w’ > @, 1- Fen will be positive. Hence, 
a) 


it follows that the combination will produce deviation in the same direction as produced 
by the crown glass prism. 

2. Since @’ > @, from equation (2.20), it follows that 5 > d’i.e. 

A(u-1)>A’ (u'-1) 

Since p.’—1>p—1,it follows thatA >A’ i.e. to produce deviation without dispersion, 
the angle of crown glass prism has to be greater than that of the flint glass prism. 
mag 2.08. SCATTERING OF LIGHT 

Light travels in the form of electromagnetic radiation. Emission, absorption and 
scattering are three processes by which the radiation interacts with the matter. In 
emission, an accelerated charge radiates energy ; while in absorption, the electric 
charge gains energy at the expense of the incident electromagnetic radiation. The 
processes of emission and absorption have been discussed, while studying the 
emission and absorption spectra. 

When an electromagnetic radiation is incident on an electric charge at rest, the 
charged particle gets accelerated along the direction of the electric field of the 
incident radiation. Since the electric charge is at rest, it does not experience any force 
due to the magnetic field of the electromagnetic radiation. On being accelerated by 
the electric field, the electric charge emits radiation in all the directions, and this 
process is called scattering 

The light, while passing through atmosphere, is found to scatter also. The 
amount of scattering suffered by different wavelengths of light is different. Lord 
Rayleigh studied the scattering of light by the matter in detail. He found that the 
intensity of a particular wavelength in the scattered light depends greatly on its 
wavelength and ultimately he formulated the following law : 

The intensity of the light corresponding to a wavelength in the scattered light varies 
inversely as the fourth power of the wavelength. If A is a wavelength in scattered light, 
then 

amount of scattering « a 

It is called Rayleigh’s law of scattering. 

Many optical phenomena can be explained on the basis of Rayleigh’s scattering 
of light. 

Illustrations. A few illustrations of Rayleigh’s scattering of light are as given 
below : ae iginw aft} 

1. The blue colour of sky. When light.from thejsun.travels through the earth’s 
atmosphere, the different wavelengths, get seattered, from:their.path through 
different amounts obeying Rayleigh’s law of scattering. Since, the wavelength of 
the blue colour is approximately half the wavelength of red colour, the scattering 


is, blue colour predominates and the sky appears blue. 

2. At sunrise or sunset the sun looks almost reddish. The reason is that at the 
ime of sun set or sun rise (when sun is near horizon), the light from the sun has to 
averse larger thickness of atmosphere than what it covers, when the sun is 
overhead as shown in Fig. 2.08. 

Due to this, more of the blue light is scattered away and the sun appears 
reddish. 

3. Red light is used in danger signals. So that the danger signals can be seen 
distinctly upto large distances, the light used in the danger signals should not get 
scattered much, while passing through the atmosphere. Since, the red colour is 
scattered through a small amount due to its longer wavelength, the danger signals 
make use of red light. 

4. The clouds are generally white. It is because of the reason that larger particles 
like dust and water drops present in the atmosphere do not scatter light according 
to Rayleigh law of scattering. Dust particles and water drops scatter light of all 
colours, almost equally and hence clouds are white in colour. 


ME 2.09. THE RAINBOWS 


Sometimes, during a light drizzle or immediately after rain, concentric coloured 
arcs are seen in the sky, when the sun is at the back of the observer. 

The coloured arcs or the spectrum of white light from the sun in the form of bows seen 
immediately after rain by an observer with his back towards the sun is called a rainbow. 

The formation of rainbows is due the dispersion of white light from the sun 
due to the phenomenon of total internal reflection from the water droplets 
suspended in the air. Ordinarily, two rainbows, called the primary rainbow and the 
secondary rainbow, are seen. However, the common centre of both the rainbows 
lies on the line joining the sun and the observer. 

Primary rainbow. The primary rainbow has violet colour on the inner edge 
and the red colour on the outer edge of the rainbow as shown in Fig. 2.09. It is 
formed, when the light from the sun after undergoing dispersion from the water 
droplets reaches the observer after suffering one internal reflection. It can be 
mathematically proved that an observer receives intense red light in a direction 
making an angle of 42° and intense violet (or blue) light in a direction making an 
angle of 40° with the line joining the sun and the observer. This line is called the 
axis of the rainbow. 

Secondary rainbow. The secondary rainbow has red colour on the inner edge 

_and the violet colour on the outer edge of the rainbow i.e. the sequence of colours 
in the secondary rainbow is just reverse of that in the primary rainbow. It is formed, 
when the light from the sun undergoing dispersion from the suspended water 
droplets, reaches the observer after suffering two internal reflections. The 
calculations show that the violet light is received by the observer in a direction 
making an angle of 55° and red light in a direction making an angle of 52° with the 
axis of the rainbow. 

It is found that the region of the sky between the two rainbows is comparatively 
darker and the regions below the primary rainbow and above the secondary rainbow 
are comparatively brighter than the rest of the sky. 

Two observers cannot see the same rainbow. For a primary rainbow to be 
seen by an observer, the rays emerging out from water droplets must subtend a 


mean angle of 41° (- ne) at the observer’s eye and for a secondary rain- 
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Type A. On Refraction through a prism 
Problem 2.01. A ray of light incident at 49° on the face 


of an equilateral prism passes symmetrically. Calculate the 
refractive index of the material of the prism. 

Sol. As the prism is an equilateral one, A = 60°. Further, 
as the ray of light passes symmetrically, when incident at 49°, 
the prism is in minimum deviation position. 

We know that when the prism is placed in minimum 
deviation position, 


ft OY Ee Alaa fe Aes 
Da 
eh. in 49° 
ie 9 me 7547 _ 4.51 
sin.7.) sin 30° 0:5 


Problem 2.02. A ray of light suffers minimum devia- 
tion, while passing through a prism of refractive index 1:5 
and refracting angle 60°. Calculate the angle of deviation 
and angle of incidence. 5.0.0 E, Loon) 


Sol. Here, p= 1:57 A= 60? 
_ sin(A+0,)/2 
“i alae Aas 2 
= * _ sin (60 #0 )/ 2 
sin 60°/2 


or (60° + 6,,)/2 = 1-5 x sin 30° 
or sin (60° + 6,,)/2 = 1:5 x 0:5 = 0-75 
or (60° + 6,,)/2 = 48-6° 
or 6,, = 48°6° x 2 — 60° = 37-2° 
Also, angle of incidence, 
i=(A + 6,)/2 (60° + 37-2°)/2 = 48-6° 
Problem 2.03. A prism of refractive index 1-53 is placed 
in water of refractive index 1:33. If the angle of the prism 
is 60°, calculate the angle of minimum deviation in water. 
(PS:S.C.E,. 1998) 
Sol. Here, A = 60° ; “vg = 1:53 ; “p,, = 1:33 
Relative refractive index of the material of prism w.rt. 
water, 


Let 6,, be the angle of minimum deviation on placing the 
prism in water. Then, 


w, _sin(A+6,,)/2 


8. war sine A 
1-15— Sin (60 +6, )/2 
sin 60°/2 


or sin (60° + 6,,)/2 = 1:15 x sin 30° 

or sin (60° + 6,,)/2 = 1-15 x 0:5 = 0-575 

or (60° + 6,,)/2 = 35-19 

or 6, = 35:1° x 2 — 60° = 10-2° 

Problem 2.04. An equilateral glass prism (y = 1-6) is 
immersed in water (uv = 1-33). Calculate the angle of devia- 
tion produced for a ray of light incident at 40° on one face 
of the prism. (Karnataka, 1990) 

Sol. Reter to Fig. 2. 10. Since it isan vs letra glass 
prism, A= 60°; 4. Lesbo’ 

refractive index of glass, 2 f ath 6; 

refractive index of water, “,, = 1-33 ; 


Fig. 2.10 
Therefore, refractive index of glass w.r.t. water, 
a 
: He 
Bip 4 $y ch Ooh, 908 
9 Lag win ac 


For refraction at face AB : 
The angle of incidence, i = 40° 
Let r, be the angle of refraction at face AB. 


a sini 
Then, a Bae 
sin % 
oda 
or yah leit 
sin Y 
in 40° 0. 
or Sitti fics tn titre SAE 
1-203 1-203 
or r, = 32° 18’ 


For refraction at face AC: 
Let r, be the angle of refraction at the second face AC. 
Ag know, 1,+1=A 
ty = A- 1, = 60° — 32° 18’ = 27° 42’ 
Let ebe the angle FA emergence. For refraction at face AC, 
we have 


w,, _ sine 
2 sit 
or sine = “uy, x sin ry = 1-203 x sin 27° 42’ 
= 1-203 x 0-4648 = 0-5592 
or e = 34° 


Now, the angle of deviation, 
6=i+e-A=40° + 34°- 60° = 14° 
Type B. On Angular dispersion and Dispersive power 
Problem 1.05. Find the angle of dispersion between the 
red and violet colours produced by a flint glass prism of 
refracting angle 60°. Refractive indices of the prism for red 
and violet colours are 1-622 and 1-663 respectively. 
(P.S.5.C.F 1097) 
Sol. Here, A = 60° ; HU, = 1-622 ; n, = 1-663 
Now, angle of dispersion between red and violet colours, 
6, — 6,=A (HL, — H,) = 60° x (1-663 — 1-622) = 2-46° 
Problem 2.06. A prism with a refracting angle of $0° 
gives angles of minimum deviation 53°, 51° and 52° for biue, 
red and yellow light respectively. What is the dispersive 
power of the material of the prism ? (I.S.C.E. 1996) 
Sol. Here, A = 60° ; 6, =53° ; 6: = 51° ; d= 52° 
Dispersive power of the material of prism, 


5, — 67, 537-51, 2° 


oa biathiety aon ik & se ggsgs 
5 52°. 52° 


Problem 2.07. Calculate the dispersive power of crown 
and flint glass prisms from the following data: For 


a 


glass : , = 1-522, v,=1-514; for flint glass : py, = 1-662, 
r= 1-644. panies 1991) 
Sol. For crown glass : jt, = 1-522; u,= 1514 
Therefore, refractive index for the mean light, 
ery PY 1-522—1-514 


= = ihoiyiie: 
Also, dispersive power of crown glass, 
- 1-522-—1-514 
ee of = 0-0154 
p=1 15181 
For flint glass : ji, = 1-622 ; p, = 1-644 
,— 1-662 + 1-644 
pore h= al ewan 
_ 1-662 — 1-644 
LPNS at Re os PRU en PT 1) 
p-l 1-653 -1 


Problem 2.08. In a certain spectrum produced by a 
plass prism of dispersive power 0-031, it was found that the 
refractive index for the red ray is 1-645, whereas the 
refractive index for the blue ray is 1-665. What is the 
refractive index for the yellow ray ? M7S.6.£74995) 

Sol. Here, w = 0-031 ; #, = 1-645 ; wy, = 1-655 

If 1 is refractive index of glass for yellow ray, then 


papel aia 
eT 
eewepn ke 1-665 —1-645 
sat ee 1 
- Hf 0-031 


=1+0-645 = 1-645 
Type C. On Dispersion without deviation 
Problem 2.09. Determine the angle of flint glass prism, 
which should be combined with a crown glass prism of 5° 
so as to give dispersion but no deviation. 
Given, for crown glass : #,, = 1-523, #, = 1-515 ; for flint 
glass : p,,’ = 1-688, ju," = 1-650. 


RARER ANNIE HAR 


Problem 2.11. A ray of light is incident on the face AB 
@.: a glass prism ABC having the vertex angle A equal 

to 40°. The face AC is silvered and a ray of light is incident 
on the face AB, such that it retraces its path. If refractive 
index of the glass is 1-54, calculate the angle of incidence on 
the face AB. 

Sol. Here, A= 40°; w= 1:54 

Suppose that the ray of light PQ is incident on the face 
AB at angle i, such that the angle of refraction is r,. The ray 
will retrace its path, if the refracted ray OR falls on the silvered 
surface normally, as shown in Fig. 2.11. 


A 


Fig. 2.11. 
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Crown glass 

9 21-523; ¢,=1515;A=5° 4M," = 1-688 ; 1,’ = 1-650 ; A'=? 

So that the combination of the two prisms does not 
produce any deviation, 


Flint glass 


pee A@ed 
wet 
: 1-523 41-515 
Now, neta = ——___—_—_ = 1-519 
+,’ 1-688 +1-650 
and mate ae = - = 1-669 
_ 5 (1-519-1)__ 5 x0:519 __ 4 go 
1-669-1 0-669 


The negative sign shows that the two prisms are to be 
placed in opposite manner. 
Type D. On Deviation without Dispersion 
Problem 2.10. Find the angle of a prism of dispersive 
power 0-021 and refractive index 1-53 to form an achromatic 
combination with prism of angle 4-2° and dispersive power 
0-045 having refractive index 1-65. Find the resultant 
deviation. 
Sol. Here, w = 0-021; # = 1:53; @' = 0-045 ; 
u.= 1-65; A’ = 4-2° 
For no dispersion, w 6 + w'd’ = 0 
or wA(u-1)+a'A’ (u-1) =0 
wo’ A(u-1)_ 0-045x 4.2 (1-65 — 1) 
@(u-1) 0-021 x (1:53 — 1) 
=—11.04° 
Net deviation, 6 + 6’=A(u-1) +A’ (u'-D 
= — 11-04 (1-53 - 1) + 4-2 (1-65 - 1) 
= — 11-04 x 0-53 + 4-2 x 0-65 
= — 5-85 + 2:73 = 3-12° 


or A=- 


Since the A ARQ isa right angled triangle, it follows that 


1, = 40° 
Now, = mm 
sin 
or sin i =p sin ry = 1-54 sin 40° 
= 1-54 x 0-6428 = 0:9899 
or i = 81°50’ 


Gprroblem 2.12. At what angle should a ray of light be 
incident on the face of a prism of refracting angle 60°, 
so that it just suffers internal reflection at the other face ? 
The refractive index of the prism is 1-524. 

Sol. A ray of light incident on face AB will just suffer 


A 


oe 


Sols SV Vag 


internal reflection at the other face AC, if it gets incide 


face AC at critical angle for the material of the prism [Fig. A (ty — Hy) (U ae A’( Ly’ =p mY u’- ) 
is 


2.12]. If critical angle for the material of prism is C, then or nie 
e 1 ‘ My Hy Hy’ fly agp asyeyeoyg ee 
sin C = —=——— = 0): 6562 wy a. a 
1-524 as A (ly Hy) | Ay Hy D3 58 
or C=41° @ @ 
Now, for a prism, we have Ax 0-015 Y A‘x 0-022 — .. 
ry tt=A is 0-03 0-05 
Since ry = C, we have 1 11e Puy : 
futGr A hor dn eae 9) bias uae en hes 
Setting the values of A and C, we obtain For no dispersion, 
Ogee Re A (Up - H,) +A’ Uy’ ~ Hy’) = 0 
At face AB: =" or = 1-524 » Ax 0-015 + A’ x 0.022 =0 
sin 7 sin 19° 29 2 
or sini = 1-524 x sin 19° = 1.524 x 0-3256 = 0-4962 or eek oie --(ii) 
i= 29.75° In equation (7), substituting for A, we get ; 
@: Problem 2.13. The dispersive powers of crown and 1 Bred nbldecs | 22 ri, oni 
flint glasses are 0-03 and 0-05 respectively. If difference 3 x (- oy 25 Pe OL a 5 A'=2 
in the refractive indices of blue and red colour is 0-015 for pk 
crown glass and 0-022 for flint glass, calculate the angles of oe Ae mee 2x75 a 7S LL 6.820 se 
the two prisms for a deviation of 2° without dispersion. 22 11 
Sol. The negative sign shows that the two prisms have to be 
C : placed in the opposite manner. 
rown glass Flint glass = ion fai) we hate 
My -H, = 0-015 ;@ = 0:03 py’ —,’ = 0-022 ; w’ = 0-05 ee t Leak 
Also, net deviation, 6 + 6’ = 2° Mie a 2 x (- a = 10° 
’ Now, net deviation, 6 + 6’=A(u-1) +A’ (u’-1) 15 11 


| FREQUENTLY ASKED VERY SHORT ANSWER QUESTIONS © 


With Answers/Hints 
Q. 2.01. Is the nae of minimum deviation produced Ans. The dispersive power of a material for light of any 


by a prism different for different wavelengths ? two colours is defined as the ratio of the angular dispersion 
Ans. Yes. for these colours to the deviation suffered by mean light. 
Q. 2.02. A glass prism is immersed in water. What Q. 2.07. On what factors does the dispersive phoket of 
happens to the value of angle of minimum deviation ? a prism depend ? 
Ans. When a prism is immersed in water, Ans. The refractive index of the material of prism and 
< sin(A+6,,)/2 the choice of the two colours for which the dispersive power 
ait nia is to be measured. 


Q. 2.08. What is the effect of high dispersive power 
of the material of a thin prism on the spectrum ? 

Ans. The angular dispersion will be large. 

Q. 2.09. Does dispersive power of the material of a 
prism depend on the shape, size and angle of the prism ? 
Explain. 

Ans. The dispersive power of the material of the prism 
is independent of the shape (angle of prism) or size of the 
prism. It depends only on the refractive index of the material 


Since the value of “yg is less than “fe (the refractive index 
of glass w.r.t. air), the value of angle of minimum deviation 
decreases on immersing the prism in water. 

Q. 2.03. What is dispersion of light ? (P.S.S.C.E. 1997) 

Ans. The splitting of white light into its constituent 
colours on passing through a prism is called dispersion of light. 

Q. 2.04, Out of red and blue lights, for which colour 
is the refractive index of glass greater? (C.B.S.E. 1999 S) 


Ans. t, > HL, of the prism. 

Q. 2.05. Refractive indices of glass for lights of yellow, Q. 2.10. People usually prefer light coloured dresses 
green and red colours are Hy Bg and y, respectively. during summer and dark dresses during winter. Why ? 
Rearrange these symbols in an “increasing order of values. (Text Question) 

(C.BS.E.1997) Or . 

Ans. Refractive indices of glass. for, lights of yellow, | Explain, why one prefers even in summet a black um- 
green and red coloprs i in| the order of i ABSORBER values, are. brella to a white one. 

Uy py and. Ags pi atin . Ans. White clothes reflect all the light that falls on it, 


ot 2.06. What i is aiectaie power? ve — “Hi S; oy i 1996) _ whereas black (or dark) clothes absorb all the light falling’ on 
5vi2%¢ doles wiReene AQ» sensbiois yHW SES. it. The light absorbed by the dark clothes‘is converted irito® 
What do you mean by dispersive power of the material... heat: For this reason, dark dresses are used in winters to keep 
of a prism? (1,5.C.E. 1994) warm. | tenrnattdeilic yiolovent a5 


Ae 
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Q. 2.11. Why is a rainbow formed in the sky ? 

Ans. Rainbow is formed due to the dispersion of sun 
s, when they fall on the suspended tiny droplets of water 
ich act as prisms of small angles). The rainbow will be 
ble to an observer having sun at his back. 


Q. 2.01. Draw a properly labelled graph between the 
le of incidence and the angle of deviation for a prism 
i show the point of minimum deviation. (1.S.C.E. 1996) 

Or 

For a ray of monochromatic light passing through a 
ss prism, draw a graph to show the variation of the angle 
deviation (6) with the angle of incidence (i). When does 
ray suffer minimum deviation ? (ESKC3E:1993) 

Or 

How does the angle of deivation vary with the angle 
incidence in case of a prism ? What is the angle of mini- 
ym deviation ? Mepro eer 90 S) 
_» Ans. Refer to Fig. 2.03. 

Q. 2.02. A monochromatic ray of light is made to fall 
anormal 60° prism under minimum deviation condition. 
hat is the relation between the angle of incidence and the 
gle of emergence ? (I.S.C.E. 1998) 

Ans. When light is incident on a prism placed in the 
inimum deviation position, the refracted ray travels parallel 

the base of the prism. Consequently, the prism lies 
mmetrically wrt. incident and emergent rays. Hence, in 
inimum deviation position, angle of incidence and angle of 
nergence are equal. 

Q. 2.03. A thin prism of 2° angle gives a deviation of 
What is the value of refractive index of the material of 
e prism ? (P.S.S.C.E. 1999) 

Ans. Here, A=2°;6=1° 
~ Now, for a prism of small angle, 

! 1 
ae ae 
Q. 2.04. A glass prism has a minimum angle of devia- 
ono. in air. State with reason, how the angle of minimum 
eviation will change, if the prism is immersed in a liquid 
f refractive index greater than 1. (C.B.S.E. 2002) 
Ans. We know that for a glass prism placed in air, 

_ sin(A+6_)/2 

sin A/2 
_ When prism is immersed in a liquid of refractive index 
reater than 1, its refractive index w.r-t. liquid will become less 
nan jt. From the above relation, it follows that angle of 
1inimum deviation will decrease. 

Q. 2.05. What is dispersion of light ? Define dispersive 
ower of a prism. 
“Ans. Refer to sections 2.04 and 2.05. 
Q. 2.06. Explain, why white light is dispersed when 
assing through a prism. at 


or pais > = 1+ 


(H.S.S.C.E. 2002 ; PS.S.C.E. 2001 ; C.B.S.E. 1995), 
Ans. The velocity of light in a material medium depends: 


ipon its colour (wavelength) i.e. the refractive index of a 


HEAQ 4 FREQUENTLY ASKED SHORT ANSWER QUESTIONS 


(PS'S.CE. 1994). 


Q. 2.12. What is the essential condition for observing 


a rainbow ? 


Ans. The observer must stand with his back towards the 


sun. 


With Answers/Hints 
material is different for different colours. If we incident a ray 
of white light on a prism ; on emerging, the different colours 
are deviated through different angles. Due to this, white light 
splits into its constituent colours and the phenomenon is 
called dispersion. 

Q. 2.07. Rays of red and blue light are incident on a 
given prism. Explain, which will have the larger value of 
6,” the angle of minimum deviation. (I.S.C.E. 1994) 

Ans. For a prism of small angle, the angle of deviation 
is given by 


6=A(u-1) 
: 6,=A(,-1) and 6,=A(H,-1) 
Since My > By, it follows that 6, > é,. 
Thus, blue light will have larger value of the angle of 
minimum deviation. 
Q. 2.08. Why does the sky appear blue ? 
(H.PS.S.C.E. 2002 ; H.S.S.C.E. 2000, 1999 S ; 


Ans. According to Rayleigh’s scattering law, when the 
light traverses the atmosphere, the intensity of light scattered 
is inversely proportional to the fourth power of the 
wavelength of the light. Therefore the scattering of blue light 
is prominent due to its small wavelength. Due to this, sky 
looks blue. 

Q. 2.09. Why does sky look blue ? What will it look like 
on moon ? (PS.S.C.E. 1996) 

Ans. For blue colour of sky, refer to SAQ 2.08. 

On moon, there is no atmosphere. Therefore, in the 
absence of scattering of light, the atmosphere will appear 
white. 

Q. 2.10. Sun looks reddish at sunset. Why ? 

Or (C.B.S.E. 2002) 

Why the rising sun is red in colour ? (P.S.S.C.E. 1999) 

Or 


H.S.S.C.E. 2000, 1999 S) 

Ans. Refer to illustration no. 2 of section 2.08. 
Q. 2.11. Eye is more sensitive to yellow colour. Why are 
then danger signals red ? (H.P.S.S.C.E. 2002, 1998) 
Ans. The scattering (Rayleigh scattering) of light is 
inversely proportional to the fourth power of the wavelength 
of light. So, the'scattering of red light is much less than the 
yellow light and accordingly, the red light signal can be seen 
upto a longer distance without much loss in its intensity. For 

this reason, the danger signals are red in colour. 

Q. 2.12. Why are dangeér'sfgnals red in colour ? Give 
ahah og (P.S.S.C.E 2001) 


reagigeien 2) owes 
“Ans. Refer to SAQ 2.11. 
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Q. 2.01. When does a ray incident on a prism deviate 
away from the base ? 

Ans. When the prism is immersed in a transparent liquid 
of refractive index greater than that of the material of the 
prism, the incident ray will deviate away from the base of the 
prism. 

Q. 2.02. Two identical prisms are placed in the path of 
ad 


white light, such that their bases are parallel [Fig. 2.13]. 

t will be the nature of the emergent light ? 

Ans. The first prism will disperse the white light into its 
constituent colours as shown in the figure. If the bases of the 
two identical prisms (same material and same value of the 
angles of prisms) are parallel, a broad beam of coloured light 
will emerge parallel to the incident beam of white light. 


‘at 
ares 
V 


Fig. 2.13 
Q. 2.03. Explain the prismatic action of a convex lens. 


Ans. A convex lens may be considered to be made of a 
number of prisms, the prisms being placed one above the 
other. The bases of all the prisms are towards the centre of the 
lens. 

As the two surfaces of the lens are curved, the angles of 
all these prisms are not same. The portion of the lens near the 
edge behaves as the prism having the maximum value of the 
angle of prism, while the portion at the middle behaves as a 
prism of zero angle. Since the angle of deviation produced by 
a prism depends upon the angle of prism, the prismatic part 
of the lens near its edge deviates the light maximum, while 
that at the centre does not produce any deviation in the path 
of the light as shown in Fig. 2.14. The result is that all the rays 


Fig. 2.14 
after refraction from the lens meet at one point, called the 
focus of the lens. Thus, a convex lens converges light due to 
the prismatic action of the lens. In addition to produce 
deviation in the path of light, a thick lens disperses white light 
in the same manner as the prism does. 
Q. 2.04. Show that the limiting value of the angle of 


prism is twice its critical angle. (Karnataka, 1991) 
Ans. Refer to section 2.02 and Fig. 2.03 : 
Angle of prism, A= r, +r, 
Therefore, limiting (maximum) value of angle of prism, 
Amax 7 Tmax 8 (o) max ---(7) 
Now, for 11 = pmax b= 90° 


x 


But, when the angle i becomes equal to 90°, (73), Mu 
be equal to the critical angle i.e. 
(max = C 

Similarly, (r9)9x = C 

Substituting for (77) mqy and (>) ngx in equation (i), we g 

| OF yA & 

i.e. limiting value of the angle of prism is equal to twi 
the critical angle. 7 

Q. 2.05. A ray of white light shows no dispersion a 
ee emerging from a glass plate (slab). Is there n 
dispersion inside the glass plate as well ? 

Ans. The light disperses inte different colours on enterir 
the glass slabi.e. dispersion takes place inside a glass slab als 
But when it emerges from its other parallel face, the differer 
colours again combine to form white light. 

Q. 2.06. A beam of white light passing through 
hollow prism gives no spectrum. Explain. (LL.T. 198: 

Ans. Consider a hollow prism as shown in the Fig. 2.1, 
Here, ABC and A’B’C’ represent the outer and inner surface 
of the prism. The three faces of the prism simply act as th 
three glass slabs having parallel faces. ee 


Lae 


Fig. 2.15 

When a ray of light is incident on the face AB, it will pas 
through a glass slab formed between the surfaces AB an 
A'B’. Aray of light will not disperse but it will get laterall 
displaced. The similar effect will take place, when the ray fall 
on the inner surface A’C’. Thus, the ray of light will come ot 
of the prism without being dispersed but again gettin 
laterally displaced. 

Q. 2.07. What does a welder protect against, when h 
Wears a mask ? (Text Question 

Ans. The ultraviolet light coming out of welding arc i 
harmful to eyes. The mask has a filter that absorbs ultraviole 
light. 
Q. 2.08. Do materials always have the same colou: 
whether viewed by reflected light or throug! 
transmitted light ? 

Ans. It is not necessary. A material may reflect one colou 
strongly and transmit another colour. 

Q. 2.09. How would a blue object appear under sodiun 

lamp light ? 

Ans. An object looks blue in white light, because i 
absorbs all colours except the blue. If it is placed in sodiun 
light (yellow), it will absorb the yellow light. Hence, the objec 
will appear black. 

Q. 2.10. What colour do you observe, when white ligh 

passes through a blue and yellow filter ? 

(Text Question 

Ans. Green colour with a tinge of blue and yellow wil 
be observed: 4 


Oc , 
shortly after sunset or shortly before sunrise and is 
prised to see it appear to be very bright, more like a star 
planet than like an aircraft as seen in daylight. Explain, 
a 

Ans. Shortly after sunset or before sunrise, an observer 
the surface of earth does not receive the sunlight directly 
m the sun. The light reflected from the aircraft is received 
the observer as shown in Fig. 2.16. In the’reflected sunlight, 
» spacecraft appears bright against the darkening 
-kground of the early morning or the evening sky. 


Fig. 2.16 

- Q. 2.12. Artificial satellites can often be seen as bright 

objects high in the sky long after sunset. What must 
‘the minimum altitude of a satellite moving above the 
rth’s equator to be still visible directly overhead two hours 
fer sunset ? 

Ans. At sunset, the sunlight will be tangent to the earth’s 
rface. Further, in two hours, the earth will rotate through 


1. Show that in case of a prism : A+ 6 =i+e, where the 
symbols have their usual meanings. (H.P.S.S.C.E. 1997) 
2. What is meant by angle of minimum deviation ? Explain. 
Indicate in a graph, how the angle of deviation changes 
with the angle of incidence. State the condition under 
which angle of deviation is minimum. 
3. Discuss the phenomenon of refraction through a prism. 
Prove the formula 6 = A (# - 1). (EH; S:SiGiEw1992) 
4. Derive an expression for the angle of deviation of a small 
prism in terms of the refractive index and the angle of the 
prism. (5. Ceol een) 
5. Whatis dispersion of light ? Explain it with a ray diagram. 
Also explain the cause of dispersion of light. 
(P.S.S.C.E. 2002, 1999 S) 
6. Explain the meanings of dispersion, angular dispersion 
and dispersive power. (PS,S.C.E. 1997) 


fe Ss 
1. Derive the expression for the angle of deviation for a ray 
of light passing through an equilateral prism of refracting 
angle A. (CB S.F1993) 
2. State and prove prism formula. 
(H.PS.S.C.E. 1997 ; H.S.S.C.E. 1993) 
3. Prove the relation A + 6 =i +e fora prism. What does this 
relation become, when prism is placed in minimum 
deviation ? (H.S.S.C.E. 2001) 
4. Discuss the phenomenon of refraction through a prism 
and prove that for a prism : 


_ sin(A +6) /2 
sinA/2 — 


oi 
a 


30°. Therefore, satellite wil come in the path of sunlight, if its 
orbit is at a distance BS = h (say) above the earth’s equator [Fig. 


2.17]. If OA = OB = Ris radius of earth, then from right angled 


triangle OAB, we have 
OA OA R 
cos 30° = = = 
OS OB+BS R+h 
SATELLITE 


or 


SUN LIGHT 


‘ORBIT OF 
< SATELLITE 
x 


- 


‘ 
{ 
t 
i 


~ 


~~ ~o 


~ cos 30° 
= 0-155 R 


Q. 2.13. Why are ‘haloes’ (rings) observed sometimes 
round the sun or moon ? 

Ans. When the sun or the moon is seen through a thin veil 
of the high cloud, haloes are formed. A large number of icy 
crystals are present in the clouds. The haloes are formed due 
to the reflection of light from the icy crystals. 


"| FREQUENTLY ASKED SHORT ANSWER 


10. 
11. 


12. 


13. 


| FREQUENTLY ASKED LONG ANSWER QUESTIONS 


QUESTIONS 


Carrying 3 Marks 


What is dispersion of light ? Define dispersive power of a 
prism. (2SiSiG_E. 1997) 
What is dispersion and angular dispersion ? Derive 
expression for the angular dispersion produced by a prism 
of small angle. 
Explain the terms angular dispersion and dispersive 
power. How are the two related ? 

(HSS, Eo 2001; BS.S.CuE. 1997) 
Define angular dispersion and dispersive power. Derive 
an expression for the dispersive power of a material in 
terms of refractive indices. 
Explain, how two thin prisms can be combined to produce 
dispersion without deviation of the mean light. Obtain an 
expression for the resultant dispersion. 
What do youunderstand by deviation without dispersion ? 
Obtain the condition forit. (P.S.S.C:E. 1995) 
Write a short notes on rainbow. (HuE.S:S.C.E. 1993) 


Carrying 5 Marks 
where A is angle of prism, is refractive index of the mate- 
rial of prism and 6,,, is the angle of minimum deviation. 

(P.S.S.C.E. 2001) 
sin (A + 6,,)/2 
sin A/2 


Derive the relation: [= for refraction 


(H.S.S.C.E. 2002, 2000, 1993 ; Karnataka, 1993) 
Derive an expression for the refractive index of the material 
of a prism in terms of angle of prism and the angle of 


minimum deviation. 
(Karnataka 1994, 1992, 1990, 1988 ; I.S.C.E. 1993) 


10. 


Derive the relation for refractive index 0 
prism, when the prism is placed in minimum deviation 
position. (P.S.S.C.E. 2002, 2000, 1998 S) 
Derive an expression for the refractive index of the material 
of the prism in terms of the refracting angle and the angle 
of minimum deviation. (CS: E 1993) 
Derive the formula used for determining the refractive 
index of the material of a glass prism using a spectrometer. 

WS.C.E 1937) 
Discuss the phenomenon of refraction through a prism. 


Eo 
: | 
sg Ee 


Type A. on Refraction through a prism 


10. 


11. 


12. 


A ray of light is inclined to one face of the prism at an angle 
of 50°. If the angle of the prism is 60° and the ray is deviated 
through an angle of 42° ; find the angle which the emergent 
ray makes with the second face of the prism. [Ans. 28°] 
Calculate the refractive index of a prism, if the angle of the 
prism is 60° and the angle of minimum deviation is 50°. 
{Ans. 1-638] 
A ray of light incident on an equilateral glass prism shows 
minimum deviation of 30°. Calculate the speed of light 
through the glass prism. (C.B.S.E. 2001) 
[Ans. 2:12 x 108 m s“}] 
The refracting angle of a prism is 60° and the refractive 
index of the material of the prism is 1-632. Calculate the 
angle of minimum deviation. 
(Karnataka, 1983) [Ans. 49-38°] 
Calculate the value of angle of minimum deviation, which 
a ray of light, passing through a prism of angle 60° and 
refractive index 1-5 will suffer. What is the corresponding 
angle of incidence ? [Ans. 37-18° ; 48-59°] 
A ray of light is incident on the face of a prism placed in 
minimum deviation position. If the angle of prism is 60° 
and deviation produced is 34°, find the angle of incidence 
and refractive index. [Ans. 47° ; 1-463] 
What should be the refracting angle of a prism of refractive 
index 1-5 in order that the ray incident on the face at an 
angle of 50° may suffer minimum deviation ? 
[Ans. 61-42°] 
A ray of light is incident on the glass prism at an angle of 
40°. Find the angle of emergence, if the angle of prism is 
60° and refractive index is 1-5. [Ans. 58-48°] 
A ray of light passes through an equilateral glass prism, 
such that the angle of incidence is equal to the angle of 
emergence. If the angle of emergence is 3/4 times the angle 
of prism, calculate the refractive index of the glass prism. 
(C.B.S.E. 2000) [Ans. 1-414] 
A prism is made of glass of unknown refractive index. A 
parallel beam of light is incident on a face of the prism. By 
rotating the prism, the minimum angle of deviation is 
measured to be 40°. What is the refractive index of the 
prism ? If the prism is placed in water (“p,, = 1-33 ), predict 
the new minimum angle of deviation of a parallel beam of 
light. The refracting angle of prism is 60°. 
[Ans. 1-532 ; 10-34°] 
A glass prism is immersed in water. If the angle of prism 
is 70°, calculate the angle of minimum deviation for a ray 
of light while passing through the prism in water. Given 
“Uy = 1-62 and “4, = 1-33." (PS.S.C.E. 2001) [Ans. 18-64°] 


A ray of light falls normally on the face of a glass prism 
having a refractive indices of 1:5. Find the angle of prism, 
if the ray just fails to emerge from the second face. 

[Ans. 41-8°] 


e material of 


11. 


12. 


ice 


ee 


# 

the ease have their usual meanings. (PS.S. E. 2000). 
What is rainbow ? Differentiate between a primary. 
rainbow and secondary rainbow witha diagram. Why tw 
observers do not see the same rainbow ? 

(PS.S.C.E. 2001, 1995) 
Explain the formation of colours in a rainbow. What is a. 
secondary rainbow ? (C:B.S.E;, 1992-Sim 
Explain in brief the formation of primary and secondary | 
rainbows. i 


FREQUENTLY ASKED NUMERICAL QUESTIONS 


For Practice 
An equilateral prism of refractive index 1-45 is surrounded 
by water of refractive index 1-33. A narrow beam of light 
is incident normally on one face of the prism. Find the 
direction of the emergent ray. [Ans. 70-72°] 


Type B. On Angular dispersion and Dispersive power 


14. 


15. 


16. 


White light is passed through a glass prism of angle 5°. If 
the refractive indices for red and blue colours are 1.641 and 
1-659 respectively, calculate the angle of dispersion 
between these colours.  (P.S.S.C.E. 1999 S) [Ans. 0-09°] 
Using a spectrometer, the following data are obtained for 

a crown glass prism and a flint glass prism : j 
Crown glass prism Flint glass prism 

Angle of prism: A= 72-0° A’ = 60-0° 
Minimum deviation angle : 
6, =54-6°,0,=53-0°,,  6,'=52:8°,6,’=50-6°, 

-6 = 54-0° 6". =51-9° 
Compare the dispersive powers of the two varieties of 
glass prisms. (Text Problem) [Ans. 0-7] 
The refractive indices of crown and flint glasses for blue 
and red rays are 1-523, 1-513 and 1-773, 1-743 respectively. 

Calculate the dispersive powers of the two glasses. 
(Pre-degree Kerala, 1992) [Ans. 0-0193, 0-0396] 


Type C. On Dispersion without deviation 


17. 


18. 


A combination of two prisms, one of flint and other of 
crown glass produces dispersion without deviation. The 
angle of the flint glass prism is 15°. Calculate the angle of 
crown glass prism and the angular separation of the red 
and violet rays on emergence from the spectroscope. (# for 
crown glass = 1-52, p/ for flint glass = 1-65, for crown glass 
= 0-02, w for flint glass = 0-03). [Ans. 18-75°, 0-0975°] 
The refractive indices-of crown and flint glass for C, D and 
F lines are given below : 


Glass Uc Hp Up 
Crown 1-527 1-530 1-535 
Flint 1-790 1-795 1-806 


Calculate the dispersive powers of two glasses. If the angle 
of crown glass prism is 9°, calculate the angle of the flint 
glass prism, which is combined with crown glass prism 
to produce dispersion without deviation. 

[Ans. 0-015, 0-02, 6°] 


Type D. On Deviation without dispersion 


19. 


A crown glass prism of refracting angle 6° is to be 
achromatised for red and blue light using a flint glass 
prism. Find the angle of the second prism and also the 
mean deviation from the following data : 


Refractive index for crown glass : #,, = 1-520 ; Wy, = 1-531 
Refractive index for flint glass : 1,’ = 1.662 ; 1," = 1.684. 
[Ans. 3°, 1-134°] 


ae 
The dispersive powers of crown and flint glasses are 0-03 
and 0-05 respectively. If difference in the refractive indices 


of blue and red colour is 0-015 for crown glass and 0-022 


i = 90° — 50° = 40° ; A= 60°, 6 = 42° 
Now, e = A+ 6 — i= 60° + 42° — 40° = 62° 
Therefore, angle which emergent ray makes with the 
second face of the prism = 90° — 62° = 28° 
_ sin(A+06,,)/2 _ sin (60° +50°)/2 


sin A/2 sin 30° 
sin55° 0:8192 
= = = 1-638 
sin 30° 0:5 
_ sin (A +d) /2 _ sin (60° + 30°) /2 
sin A/ 2 sin 30° 
bi ee ded 0-707 skew 
sin 30° 0-5 
Speed of light through glass prism, 
8 
GSK) b9.19'¢108m FI 
wm 1:414 
SF SeGAN ihe, 1.632 = 51 (60° + bn) /2 
sin A/2 sin 30° 


or sin (60° + ,,)/2 = 1-632 x 0-5 = 0-816 
or (60°+6,,)/2 = 54-69° 
or 6, = 54-69° x 2 — 60° = 49-38° 
To find 6,,,, proceed as in problem no. 4. It will be found 
that ,, = 37-18° 
Then, angle of incidence, 
i=(A+,,)/2 = (60° + 37-18°)/2 = 48-59° 
To find y, proceed as in problem no. 2. 
Angle of incidence, 
i=(A+6,,)/2 = (60° + 34°)/2 = 47° 
(A + 6,,)/2 = 50°, = 15 


N. fy sin(A +0,,)/2 ike sin 50° 
ie sn Oe cin A/ 2 
or sin A/2= — =0:5107 or A/2=30-71° 
or A= 61-42° 
For refraction at first face : 
_ sini 
sin rh 
‘ni sin 40° 0: 
ae fay ee 0" _9 6428 _ 9. 4985 
Lu 1:5 1:5 
or 11 = 25:37° 
For refraction at second face : 
Now, A=(1, +1) 
or To = A—1, = 60° — 25:37° = 34-63° 
If e is angle of emergence, then 
pare or sine=psinry = 15 x sin 34-63° 
sin f; 


or  sine=1-5 x 05683 =0-8525 or e=58-48° 
As the angle of incidence is equal to angle of emergence, 
prism is in minimum deviation position. 
Here, e=i= 2 ws 2 x 60° = 45° 
4 + 
Now, i=(A+6,,)/2 
or 6,,=2i-A=2 x 45° - 60° = 30° 


_ SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FOR 


10. 


11. 
12. 


13. 


14. 


for flint glass, calculate the angles of the two prisms for a 
deviation of 2° without dispersion. [Ans, 10-02°, 683°] 


PRACTICE 


sin(A+6,,)/2 sin (60° + 30°) /2 
at eee 2 


sin A/2 sin 30° 
sin 45° 0-707 
=— =———  =1-414 
sin 30° 0:5 
a _sin(A+dn)/2 _ sin (60° + 40°) /2 
Mg sin A /2 sin 30° 
wy an 50 _ 0:7660 = 1.532 
sin 30° 0:5 


When prism is placed in water : Let 1’ be refractive index 
of the material of prism w.r.t. water and 0,,," be angle of 
minimum deviation. Then, 


a 
pia 8 = E82 21-152 
Hw 
,_ sin (A+ dyn’) /2 
Now, / PBA P21)” 
in (60° + O,) / 2 
aiyes ee * Sa) 
sin 30 


or _sin(60° + 6,,")/2 = 1-152 x 0-5 = 0576 

or (60°+0,,/)/2 =35-17° 

or © 0)" =35-17° x.2 = 60° = 10-34" 

Proceed as in problem no. 10. 

The ray of light incident normally on the face AB of the 


prism will pass as such and will come to meet the face AB 
at point R as shown in Fig. 2.18. 


Fig. 2.18 
Obviously, ZORN’ = A, angle of prism. Since the ray just 
fails to emerge from the face AC, angle A equals the critical 
angle for the material of lens. 


i 
Tr SSS i = —— =0-6667 
hus, / aa or sinA 5 6 


or A = 41-8° 
Let pu’ be refractive index of material of prism w.r.t. water. 


1 
1: 


As explained in problem no. 12, when a ray of light is 
incident normally on one face of the prism, it comes to 
incident on the second face at an angle equal to angle of 
prism. If e is angle of emergence, then, 

sin e 


, 


F or: sine =p’ sin A= 1:09 x sin 60° 

sin A 

or sin e = 1-09 x 0:8660 = 0:9439 or 'e‘= 70-72° 

Angle of dispersion, an SA 
6= A (w= p,) = 5° (1-659 — 1641) = 0-09° 


16. 


17. 


18. 


Ob Oger a0 os 
ee ar OI 
iwid 54-0° 
Dispersive power of flint glass, 19. 
ate 6p'— 6,’ _ 52°8°— 50-6 ~ 09-0424 
om 519° 
w _ 0-0296 


= =0- 
w 0-0424 
For crown glass : p, = 1:523, uw, = 1.513 
Refractive index for mean light, 


+ . . 
y= te My 1 p23 i 513 ~-518 55 
2 2 
pra iF 1° 523 3515 = 0-0193 
at 1° SI8e 1 
For flint glass : In the same manner, it can be obtained that 
ow’ =0-0396 


For no deviation, A (u - 1) = A’ (u’ - 1) 
, ANT) eos 4) 
"Ai SIT Seg) 
Net angular dispersion = 0 (w - w’) 

=A (4-1) (@-@’) 
= 15° (1-65 — 1) (0-03 — 0-02) = 0-0975° 
For crown glass : 
tp Mc _ 1°535—1-527 


or = 18-75° 


o= = 0-015 
Mp1 eUl=al 
For flint glass : 
Bes Mp’— Uc’ _ 1:806—1-790 Pee 
(iy al (hes) all 


9°1-530-1) _ 
~ (Mp'-1) 795-12) 
For no dispersion, A (yu, — #,) = A’ (Uy' = Hy’) 
Ara Ab = Mr) _ 6° (1°531—1:520) 
(uy’—M,’)  (1:684—1-662) 
Net deviation = A (u-—1)- A’ (v’ = 1) 
«| 150 +1:520 =1|-an/ Eee ost -1| ; 
p2 2 

= 6° (1-5255 = 1) — 3° (1-673 — 1) = 1-134° 
For crown glass : w = 0-03, fy, - pw, = 0-015 
For flint glass : w' = 0-05, 4,’ — 4,’ = 0-022 | 
‘ 
’ 
7 


A’ 


° 


or 


For no dispersion, A (#, — 1,) = A’ (Wy - H,’) 
or Ax 0-015 = A’ x 0-022 


De, 
=== La 
or A © (i) 


Net deviation = A (uw — 1) -— A’ (u’- 1), 
AM) (y= wy) ACH =D) ay" = by’) 


My — My My’ — by’ 
— A(My = My) A’ (uy'= by’) 
a) ow’ 
wh 22 As 0015 avA'X Or022 
or 2= = 
15 0:03 0:05 
= 0-733 A’ — 0-44 A’ 
or A’ = 6-83° 
From equation (i), we have 
22 


A= — 6:83" = 10:02° 
15 


gue 3.01. SIMPLE MICROSCOPE 

A convex lens of short focal length can be used to see magnified image of asmall 
object and is called a magnifying glass or a simple microscope. 

Principle. When a small object is placed between optical centre and focus of a 
convex lens, its virtual, erect and magnified image is formed on the same side of the 
lens. The lens is held close to eye and the distance of the object is adjusted, till the 
image is formed at the least distance of distinct vision from the eye. For a normal eye, 
the least distance of distinct vision is 25 cm. 

Working. Let AB be an object placed between the points F and C. Its virtual 
image A’B’ will be formed on the same side of the object. If the distance of the object 
is changed from the lens, then the distance of the image also changes. The position 
of object AB is so adjusted that the image A’B’ is formed at the least distance of 
distinct vision (D) as shown in Fig. 3.01. 

Magnifying power (When image is formed at D). It is defined as the ratio of the 
angle subtended by the image at the eye and the angle subtended by the object seen directly, 
when both lie at the least distance of distinct vision. It is also called angular magnification 
produced by the simple microscope. It is denoted by M. 

Let ZA’CB’ = Bbe the angle subtended by the image at the eye. Cut A’ QO equal 
to AB and join QC. Then, ZA’ CQ’ = @ is the angle subtended by the object at the 
eye, when it is placed at the least distance of distinct vision. 

By definition, magnifying power of the simple microscope is given by 


M== 


a 
In practice, angles wand Bare small. Therefore, angles a and can be replaced 
by their tangents i.e. 


tan 
hie ne 3.01) 
tan 
A’‘Q- AB 
ight d ACA’Q, t —— = ——— AO) eA 
From right angled A CA’Q, tan a GAt a GAY Coe M8 ) 
AB 
Also, from right angled A CAB, tan B = CA 
Substituting for tan a and tan # in equation (3.01), we have 
eee espe 3.02 
~ AB/CA’ CA uofB,02) 


If CA = u, the distance of object AB from the lens and CA’ = v, the distance of 
imageA’B’ from the lens, then 


a: ...(3.03) 
u 
If f is focal length of the lens acting as simple microscope, then 
ageireia og 
i-M=<f 
or plies ...(3.04) 
u f 
From equations (3.03) and (3.04), we have 
Met=— 


f 


Applying new cartesian sign conventions : 
‘ v=-D;f=atf 
695 


Optical Instruments 


‘CHAPTER 


A simple microscope is a convex lens of 
short focal length. 


Wet oa 
i) 
or mes 2 

f 


0.05) 


From equation (3.05), it follows that lesser is the focal length of the convex lens used 
as simple microscope, greater is the value of the magnifying power obtained. 
Further, the positive value of magnifying power of a simple microscope tells 
that image formed is erect and hence virtual. . 
Magnifying power (When image is formed at infinity). It is defined as the ratio 
of the angle formed by the image (situated at infinity) at the eye to the angle formed by object 
at the eye, when situated at least distance of distinct vision. It is denoted by M. 


Draw a line A’B’ = AB and perpendicular to principal axis at a distance CA’ = o 


D (least distance of distinct vision). Join B’C’. Then 2 B' CA’ = ais the angle formed 
by object at the eye, when situated at distance D [Fig. 3.02]. 
The angle formed by the image situated at infinity at the eye is same as the angle 
formed by the object AB at the eye. Thus, BCA = fis the angle formed by the image — 
at the eye, 
By definition, 
u=-2 


a : 
In practice, angles a and fare small. Therefore, angles @and can be replaced — 
by their tangents i.e. 


PS FEI 55 


FROM © ~>s._ 


mat B (3106) Seana 
tan a ; 
From right angled A B' AC, tan a = ata (. A’ B’ = AB) 
CA’ CR 
Also, from right angled A BAC, tan B = a 
Substituting for tan @ and tan f in equation (3.06), we have 
_ AB “ CA Ce 
Chr AB (CF 
Applying new cartesian sign conventions : 
CF =-f;CA’=-D 
— 
am 
or Le s(3:07) 
f 


The above equation gives magnifying power of a simple microscope, when 
image is formed at infinity. 

Uses. 1. Jewellers and watch makers make use of convex lens of short focal 
length to obtain a magnified view of the fine jewellery work and the small 
components of the watches. 

2. In science laboratories, a magnifying glass is used to see slides and to read 
the vernier scales attached to the instruments. 

3. The use of magnifying glass enables us to place the object close to eye, making 
it appear bright and yet clearly visible. In position AB, object lies close to the eye. 
In absence of lens, the object will not be clearly visible. 

Note. 1. The equation (3.05) gives magnifying power of a simple microscope, 
when the image is formed at least distance of distinct vision i.e. when the image is 
seen distinctly. If the object is brought closer to the lens, the image also moves closer 
to the eye. No doubt, the magnifying power of the simple microscope increases, but 
the image can not be seen distinctly. On the other hand, if the object is moved away 
from the lens (up to its focus), the magnifying power decreases. The virtual image 
of the object.can be seen, till the distance of the object does not increase the focal 
length of the lens. When the object lies at the focus, the image is formed at infinity 
and the magnifying power of the simple microscope is given by equation (3.07). 
From equations (3.05) and (3.07), it follows that magnifying power of ple 
microscope is one less, when the image'is formed at infinity. Howev 
of the image is more comfortable, °sw7 Fina) Ms 
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The magnifying power of the simple microscope and the magnification 
sroduced by the lens are different from each other. The two become equal, only when 
he image is formed at the least distance of distinct vision. 


gem3.02. COMPOUND MICROSCOPE 

A compound microscope is used to see extremely small objects. 

It consists of two lenses. A lens of short aperture and short focal length facing 
the object is called object lens* and another lens of short focal length but large 


aperture is called eye lenst. The two lenses are placed coaxially at the two ends of a Key polit. kc as 


pbe. To focus over an object, the distance of the object lens from the object is adjusted : : g : 
with the help of rack and pinion arrangement. Ina compound microscope, object lens is 

Principle. When a small object is placed just outside the focus of the object lens, soe - tl Hoc pork es 
its real, inverted and magnified image is produced on the other side of the lens © Eye tens has Se 
between F and 2 F. The image produced by object lens acts as object for the eye lens. eee 
The distance of object from the object lens is so adjusted that the final image is formed 
at the least distance of distinct vision from the eye. 

Working. When a small object is placed just outside the focus of the object lens, 
its real, inverted and magnified image is produced on the other side of the lens 
between F and 2 F. The image produced by object lens acts as object for the eye lens. 
The distance of object from the object lens is so adjusted that the final image is formed 
at the least distance of distinct vision from the eye. 

Let AB be an object placed just outside the focus F., of the object lens. Its virtual 
image A’B’ is formed on the other side of the lens. The image A’B’ lies between 
focus F, and optical centre C’ of the eye lens [Fig. 3.03] and it acts as object for the 
eye lens. Using the rack and pinion arrangement, the distance between object lens 
and the object AB is adjusted, till its virtual and magnified image A’’B”’ is formed 
on the same side at the least distance of distinct vision. 

EYE LENS 


OBJECT LENS 


Fig. 3.03 

Magnifying power (When image is formed at D). It is defined as the ratio of the 
angle subtended by the final image at the eye to the angle subtended by the object seen directly, 
when both are placed at the least distance of distinct vision. 

Let ZA’’C’B” = Bbe the angle subtended by the final image at the eye. Cut 
A’’Q equal to AB and join QC’. Then, ZA''C'Q= a, the angle subtended by the 
object at the eye, when situated at the least distance of distinct vision. By definition, 
magnifying power of the compound microscope, 


04 
Since the angles a and are small, they can be replaced by their tangents i.e. 
tan B 


aban o ...(3.08) 


*In practice, to eliminate chromatic aberration, a combination of two lenses in contact is 
used. It is called objective. : 
+In place of an eye lens, a combination of two lenses at certain distance apart satisfying aol on BOOED 
certain conditions (to minimize chromatic and spherical aberrations) is used. It is called eye piece. 
690-7088 


NOB 

From the right angled A C’A’’Q, tan @= as = a (.- A”"Q = AB) 
AB 
Also, from the right angled D C’A’’B”’, tan B= aan fi 


wr 


Substituting the values of tan a and tan f in equation (3.08), we have 
} i ABS rAd By’ 
WHAB/IGOAD tac AB 
Multiplying and dividing by A’B’, we have 
JAG;.B’" ‘fda A'B’ ies he “ A’’B”’ 
AB er Cae A’B’ 
or M=m, x m,, ...(3.09) 


‘pr 


A’B 
where AB Mer the magnification produced by object lens 


tr pee 


and —=m,,the magnification produced by eye lens. 


To find m, : Let CA= u,, the distance of object AB from object lens ; 
and CA’=v,, the distance of image A’B’ from object lens. 


By definition, linear magnification produced by object lens, 
v 
1a teed ..(3.10) 
0 
To find m,: Let C’A’ = u,, the distance of object A’B’ from eye lens 
and C'A" =v, ,the distance of image A’’B”’ from eye lens 


Again, by definition, linear magnification produced by eye lens 


‘Kap 
e up aA l 1) 
Now, for the eye lens, 
1, ee 
— 
Ue Ve fe 
or se, Pape (3.12) 
Ue fe 
From equations (3.11) and (3.12), we have 
Ve 
Nig 2h = 


é 
e 


Applying new cartesian sign conventions : 
Re BS fet 


or m, =1+— (3: 13) 


Using equations (3.10) and (3.13), the equation (3.09) becomes 


M=~211 2 (3.14) 
Uo e 

In practice, the focal length of the object lens is very short and the object AB is 
placed just outside the focus of object lens. 


lof Gn magni 
So that the final image is formed at least distance of distinct vision from the ouninmeniememiamiaaiiins 
eye, the image A’B’ must lie between optical centre and focus of the eye lens. Since, Ina comy ope, object | 
the focal length of the eye lens is also small, the distance of the imageA’B’ fromthe af 
object lens is nearly equal to the length of the microscope tube i.e. 
Vo =L 
According to new cartesian sign conventions : 
uy ~—f,andv, =L 


Aura 
=——|1+— ea 10) 
fo 

From the above expression, it follows that a compound microscope will have 
large magnifying power, if both the object lens and the eye lens are of small focal 
length. In practice, focal length of object lens is smaller than that of eye lensi.e. f, <f,- 
Further the negative value of magnifying power of compound microscope tells that 
final image formed is inverted. 

Magnifying power (When image is formed at infinity). The magnifying power 
of a compound microscope, 

M=m,xm, 

If u, is distance of object from the object lens and v, , then distance of image 

from it, then as obtained earlier, 


v 
pigee 
Ug 
Further, as discussed in case of a simple microscope ; it can be obtained that 
D 
Me, a a 7 
fe 


where f, is focal length of the eye lens. 
Therefore, magnifying power of a compound microscope is given by 


v D 
M=—*x—- 3.16) 


Uy fe 
geen 3-03. TELESCOPE 


A telescope is an instrument for seeing distant objects clearly and magnified, 
though apparently. It is of two types : 

1. Astronomical telescope. A telescope used to see heavenly bodies is called 
astronomical telescope. It produces a virtual and inverted image. As such bodies are 
round, the inverted image does not affect the observation. 

2. Terrestrial telescope. For observing objects on earth, it would be necessary 
to have an erect image. A telescope used for observing objects on earth is called a 
terrestrial telescope. 


gos 2-04. ASTRONOMICALTELESCOPE (Refracting Type) 


An astronomical telescope is used to see heavenly objects. 
An astronomical refracting telescope consists of two lens systems. The lens 
system facing the object is called objective. It has large aperture and is of large focal 


length (f,). The other lens system is called eye-piece. It has small aperture and isof 4.4 telescope, object lens is of large focal 


short focal length (f ,). The objective and the eye-piece are mounted coaxially in two 
metallic tubes. The tube holding the eye-piece can be made to slide into the tube 
holding the objective with the help of rack and pinion arrangement. 

Principle. The objective forms the real and inverted image of the distant object 
at its focal plane. The position of the eye-piece is adjusted, till the final image is 
formed at least distance of distinct vision. In case, position of the eye-piece is 50 
adjusted that final image is formed at infinity, the telescope is said to be in normal 
adjustment. Let us now discuss the formation of the final image in the two cases : 

(a) When final image is formed at infinity (Normal adjustment). When a 
parallel beam of light rays from the distant object falls on the objective, its real and 
inverted image A’B’ is formed on the other side of the objective [Fig. 3.04]. If the 


OBJECTIVE 


EYE PIECE 


OBJECT AT © 
a 


length and large operature, while eye lens 


has short focal length and short operature. 


position of eye-piece is adjusted, so that the ima 
final highly magnified image will be formed at infinity. 
Magnifying power. Magnifying power of a telescope in normal adjustment is defined 
as the ratio of the angle subtended by the image at the eye as seen through the telescope to 
the angle subtended by the object seen directly, when both the object and the image lie at 
infinity. It is also called angular magnification of the telescope and is denoted by M. 
As the object is at a very large distance, the angle subtended by it at the eye is 
practically the same as that subtended by it at the objective. 
Thus, 2 A’CB’ = a may be considered as the angle subtended by object at the 
eye. Le? ZACH’ = 6. 


Then, by definition, M = 2. 


a 
Since the angles a@ and f are small, a ~ tan a and B ~ tan B. Therefore, 
m= tanB (3.17) 
tan @ 


A'B’ 
From right angled A CA’B’, tan a@ = rar 
A'B’ 
and from right angled A C’A’B’, tan B = CA’ 
Substituting for tan a and tan f in equation (3.17), we have 
ATR] CAM CH 
A'B/CA CX’ 
Applying new cartesian sign conventions : 
CA’=+f, (-. distance of A’B’ from object lens isalong the incident light) 
C'A' = - fe (- distance df A’B’ from eye lens is against incident light) 
Substituting for CA’ and C’A’ in equation (3.18), we have 


...(3.18) 


M=-/o ..(3.19) 
e 

It follows that the magnifying power of a telescope in normal adjustment will 
be large, if objective is of large focal length and the eye-piece is of short focal length. 

Further, when telescope is in normal adjustment, the distance between the two 
lenses is equal to sum of their focal lengths ( f, + f,). 

Further, the negative value of the magnifying power of the telescope tells that 
final image formed is inverted and real. 

(b) When final image is formed at least distance of distinct vision. When a 
parallel beam of light rays from the distant object falls on the objective, its real and 
inverted image AB’ is formed on the other side of the objective. The position of eye- 
piece is adjusted so that the final image A’’B”’ is formed at least distance of distinct 
vision. The course of the rays will be as shown in Fig. 3.05. 
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Fig. 3.05 
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When a telescope is in normal adjustment, 


‘distance between the object lens and eye 
lens is equal to the sum of their focal 
derigths!o ord) of 7 sada? silintont 


M 


7 
Again, as angle a and are small, they can be replaced by their tangents. 


\erefore, 
t 
Meee (3.20) 
tan @ 
From right angledA CA’B’, tan @ = CA 
and from right angled A C’A'B', tan B = ae 
In equation (3.20), substituting for tan a and tan B, we have 
_A'B/C'A’_ CA Le civai) 
A'BYCA’ -C'AS 
Now, CA’=f,andC’A’=u, 
In equation (3.21), subsituting for CA’ and C’A’, we get 
M= fo ptoee) 
Ue 
For eye lens, we have 
Wing bel 
Ue Ve fe Ue feaYe 
oor [i : f) 
or 
Ue fe Ve 
Substituting for so in equation (3.22), we have 
Ue 
ma fe(1—L) 
fe Ve 
Applying new cartesian sign conventions : 
f= To7 ve=-Di fe =+ fe 
peeetall tle ba | 3 
See f 5) Ina telescope, the distance between object 
‘ lens and eye lens depends upon the 
or Mae fo ies fe (3.23) position of the object. The telescope is 
fs D focussed on a distant object by varying the 


Therefore, a refracting telescope will have large magnifying power, ifthe object _ distance between the two lenses with the 
ensis of large focal length and eye lens is of short focal length. Further, the negative _ help of rack and pinion arrangement. 
value of magnifying power of the telescope tells that the final image formed is a ain Gl Kae Pee 
inverted and real. 


gue3.05. REFLECTINGTYPETELESCOP 

An astronomical telescope used to see the distant stars should possess large 
light gathering power in order to obtain a bright image of even a faint star and high 
resolving power so as to observe its minute and finer details. Both the light gathering 
power and the resolving power for a telescope will be large, if the objective of the 
telescope is of large aperture. However, it cannot be achieved in a refracting type 
astronomical telescope. It is because, a convex lens of large aperture free from 
spherical and chromatic aberrations cannot be designed. 

Reflecting type telescope was designed by Newton in order to overcome i 
drawbacks of refracting type telescope. In a reflecting type telescope, a concave ~~” 
mirror of large aperture is used as objective in place of a convex lens. It possesses 


The image produced by a telescope is 
inverted laterally also ! 
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a large light gathering power and a high resolving power. Due to this, it enables us 
to see even faint stars and observe their minute details. 

Fig. 3.06 shows the various parts of the reflecting type telescope and the course 
of rays showing the formation of the final image of the distant star. The concave 
mirror of large aperture and large focal length is fixed at one end of the tube Ty, 
whose other end is kept open to allow the light from the distant star to fall on the 
spherical concave mirror. Before the reflected rays of light meet to form the real, 
inverted and diminished image of the star at the focal plane of the concave mirror, 
they are intercepted and reflected by a plane mirror (M) inclined at an angle of 45° 
to the axis of the tube T;. The plane mirror deviates the rays and the real image is 
formed in front of the eye-piece fitted in a side metal tube T, with its axis at a right 
angle to the axis of the tube T,. The eye-piece only acts as magnifier and produces 
the final virtual and magnified image of the star enabling eye to see it distinctly. 

If f, is focal length of the concave spherical mirror used as objective and f,, the 
focal length of the eye-piece, then magnifying power* of the reflecting telescope is 
given by 


M=/2 
fe 
Further, if D is diameter of the objective and d, the diameter of the pupil of the 
eye, then brightness ratio is given by 


A concave mirror of very large diameter can be easily manufactured and such 
a telescope may be used to observe even very faint stars. 

Advantages of a reflecting type telescope. A reflecting type telescope has 
following advantages over a refracting type telescope. 

1. Since objective is not a lens, the image formed is free from chromatic 
aberration. 

2. Spherical aberration can be minimised by making use of a parabolic mirror 
in place of concave spherical mirror as objective. It enables to produce a very sharp 
and distinct image. 

3. A concave spherical mirror of large aperture can be easily manufactured and 
_ hence due to very large light gathering power, it enables to see even very faint stars. 

4. Also, ina reflecting type telescope, the objective (a concave spherical mirror) 
of large aperture provides a very high resolving power so as to see even the minute 
and fine details of the distant stars. 
my 3.06. SOME IMPORTANT FEATURES OF ATELESCOPE 


A telescope should have high magnifying power, high resolving power and large 
light gathering power for the reasons explained below : 

1. High magnifying power. A telescope having high magnifying power 
produces apparently a magnified image and hence enables to see the finer details 
of the distinct object. When in normal adjustment (final image formed at infinity), 
the magnifying power of a telescope is given by 

Male 
e 
where f, and f, are respectively the focal length of objective and eye-piece. Hence, 
for high value of magnifying power, objective should be of large focal length, while eye-piece 
should be of small focal length. 

2. High resolving power. A telescope of high resolving power has ability to 
show the images of two very near parts of an object as separate. Therefore, a 
telescope of high resolving power also enables to observe the finer details of the 
distant object. The angular limit of resolution (reciprocal of resolving power) is 
given by ; 


if te Ag 
D 


where D is diameter of objective and A is wavelength of the light used. Hence, a 


* The magnifying power of a reflecting type telescope is also negative. It is because, focal 


length of a concave mirror (f,) is negative. 
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Cl ve small value of angular limit of resolution and hence high resolving power, 
jective of large diameter and light of short wavelength are used to see the distant object. 


seria 


3. Large light gathering power. A telescope of large light gathering power 
ects a large amount of light from the distant object and hence the image formed 
[be very bright. The light gathering power and hence the brightness of the image 


irectly proportional to the area of the objective i.e. 
D2 
brightness « a ‘ 


ere D is diameter of the objective of the telescope. 


The brightness ratio of a telescope is defined as the ratio of the light gathered by the 


scope to that gathered by the unaided eye from the distant object. 
If D is diameter of the telescope objective and 
eye, then brightness ratio is given by 
—2D*/4_ D? 
gs So 


d, the diameter of the pupil of 


Therefore, for large light gathering power and hence large brightness ratio, the telescope 


ective should be cj large aperture. 


= 3.07. COMPARISON OF REFRACTING AND REFLECTINGTYPE 


TELESCOPES 


a 


ation also. It also results in a 


ot be manufactured easily, its 
hence cannot be used to see 


The above points of comparison lead to the conclusion that in astronomical 
search, a reflecting type telescope is more advantageous than a refracting type 


lescope and hence they are widely used all over the world. 


Ml 3.08. PRISM BINOCULARS 


To increase the magnifying power of an astronomical telescope, it is necessary 
use an objective of large focal length. As a result, it will require a telescope tube 


f large length. 


Prism binoculars is an indigenous arrangement for using a short tube and at 
1e same time making it possible to use objective of large focallength. The instrument — 
ssentially consists of a pair of astronomical telescopes and totally reflecting prisms 


Fig. 3.07]. The use of prisms not only cuts short the length of the tube but produces 
from lateral inversion along with a wide field 


n erect and magnified image free 


f view. 
Theory. Two totally reflecting right-angled prisms 


mage becomes laterally inverted. 


eflected ray a’ is below b’, so that the image is inverted. If ais to 
rom the direction of the source, 


same position. 
The magnifying power of a telescope can be 


of large focal length as the magnification is equal to the ratio of the focal length o 


There are following points of difference between the two types of telescopes : 


. Aconcave sp 


P, and P, with their 
efracting edges perpendicular to each other are arranged between the objective O 
nd the eye-piece E of each of the two telescopes. The objective produces a real 
nd inverted image but the prism P, renders it erect [Fig. 3.08]. However, the 
The image is corrected for lateral inversion by 
he second prism P,. The reversal of the image by the two internal reflection in each 
yrism is further explained in Fig. 3.09. Here, a and b represent the incident rays and 


and b’ the reflected rays in reverse order. If the incident ray a is above b, the 
the left of b as seen 


then a’ is to the right of b’, when viewed from the 


increased by using an objective 


al mirror. 
it is free from chromatic 


inimised by using a parabolic 
her cal mirror as objective. 
e aperture can be easily 
sess high light gathering power 
see even faint stars. 
unt Polomar, U.S.A. is of 


made. Such a! 

and hence can be use 
The reflecting type 
200 inch objective 
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the objective to that of the eye-piece. In prism binoculars, the arrangemen tO prisms " 


enables us to use an objective of large focal length, as the rays of light traverse the a 
distance between the objective and the eye-piece thrice before converging to produce b 
the image. This not only increases the magnification but also makes the telescope Ebep> 
short and compact. Further, as the distance between the objectives of the two b’ 
telescopes is greater than between the two eyes, the field of view is wider and objects a’ yy 
present a better three-dimensional view, when seen through it. “ A 
1g. 9. 
SOLVED NUMERICAL PROBLEMS a 4 
a 


Type A. On Simple microscope 


Problem 3.01. Calculate the magnifying power of a 
magnifying glass of 5 cm focal length. Distance of distinct 
vision = 25 cm. 

Sol. Here, f=5 cm, D= 25cm; 


ie ee ee ae 
‘i 5 


Now, 

Problem 3.02. A converging lens of focal length 6-25 cm 
is used as a magnifying glass. If the near point of the 
observer is 25 cm from the eye and the lens is held close to 
the eye, calculate (i) the distance of the object from the lens 
and (ii) the angular magnification. 

Find the angular magnification, when the final image 
is formed at infinity. (I.S.C.E.-1993) 

Sol. Here, f = 6-25 cm ;v=- D=- 25cm 

(i) Let u be the distance of object from the lens. Then, 


papa eo 
u vf 
SSE Ry Ea RT LA ies lAep 4 iggrd 
- wv f —25 6-25. » 25°25 25 
or u=—-5cm 
(ii) Now, angular magnification, 
D 25 
M=1+—=1+——=1+4=5 
f 6-25 


When the final image is formed at infinity, the angular 
magnification is given by 
DD’ "25 


J eune a 
Problem 3.03. A figure divided into squares each of 
size 1mm? is being viewed at a distance of 9 cm through a 
magnifying glass of focal length 10 cm held close to the eye. 
(a) What is the magnification produced by the lens ? 
How much is the area of each square in the virtual image ? 
(b) At what distance should the lens be held from the 
figure in order to view the squares distinctly with the 
maximum possible magnification ? What is the magni- 
fication in this case ? (Text Problem) 
Sol. Here, size of each square in the figure, 
O=1mm?;u=-9cm;f=10cm 


(a) The magnification produced by the lens, M = = 


ONE Poet ey a ge a 
USSR LE 2 
Lt “aa bmn: Rae 
ee or pep te Se ge 
—9 yd v.10. 9 
or $19 nibs Us 90 em. ; 
ggM= oi 10 > in/j 


Now, each square in the figure has area 1 mm? i.e. 1 mr 
x Imm. Since the lens produces a linear magnification of 1¢ 
size of the each square in the image will appear as 10 mm : 
10 mm i.e. 100 mm2. | 
(b) Maximum magnifying power is obtained, when thi 
virtual image is formed at the least distance of distinct vision 


le PLS toll 
For a lens, - —+—=— 
WA ie 
Here v = - D=- 25cm; f =+10cm 
HPihet 1 a ocd a a 
u —-25 10 u Doe alt) 50 
or u=- 2) =-744 em 


When the object is placed so that the image is formed at 
least distance of distinct vision ; magnifying power is giver 
by 

D 25 
M f ae j 1+ 10> 3-5 

Problem 3.04. Refer to solved problem 3.03 (a). At what 
distance should the lens be held from the figure in order 
to view the squares distinctly with the maximum possible 
magnification ? 

(b) What is the magnification (image size/object size) 
in this case ? 

(c) Is the magnification equal to the magnifying power 
in this case ? Explain. (Text Problem) 

Sol. (a) Maximum magnifying power is obtained, when 
the virtual image is formed at the least distance of distinct 
vision. 

For a lens, -< 4522 


a a 
Here, v=— 25cm; f =+10cm; 
HOF 1 1 1 1 1 Z 


PSDB IQ apne Ing iingg T Digg 
or u=— 22 = 7-14 0m 
Vv —25 
b) M ification, m = — = =3-5 
(b) Magnification, m n 80/7 


(c) When the object is placed, so that the image is formed 
at least of distinct vision ; magnifying power is given by 


m-B-[1+2] 


Since f = +10 cm, we have 


ma(1+2)ar4 Bass 


age are equal in this case. 
For explanation, refer to the note given in section 3.01. 


pe B. On Compound microscope 

Problem 3.05. A compound microscope has a magni- 
ation of 30. The focal length of its eye-piece is 5 cm. 
suming the final image to be formed at least distance of 
stinct vision (25 cm), calculate the magnification produced 
‘the objective. (C.B.0,En i901) 


Sol. Here, M =-30; (magnifying power is negative) 
f,=5em;D=25cm; 


Now, Mem,xme=m(1+2) 
fe 
25 
-30=m, (1+2] or m,=-5 


Problem 3.06. The focal lengths of the objective and 
ye-piece of a compound microscope are 4cm and 6 cm 
spectively. If an object is placed at a distance of 6 cm from 
1e objective, what is the magnification produced by the 
icroscope ? Distance of distinct vision = 25 cm. 

Sol. Here, f, = 4 cm ;f,= 6 cm; D=25cm;u,=—6cm, 

Suppose that the image of the object is formed by the 
bject lens at a distance v, from it. Then, the distance v, is 
iven by 


or = = 
Dare ir ne = LZ 
or Vv, =12cm 
Now, a2(142) 
Uo fe 
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Problem 3.07. The focal length of the eye piece and 
objective of a compound microscope are 5 cm and 1cm 


respectively and the length of the 


tube is 20 cm. Calculate 


the magnifying power of 
image is formed at infini 


the microscope, 


when the final 


ty. The value of least distance of 


(I.S.C.E. 1998) 


distinct vision is 25 cm. 
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Fig. 3.10 
Sol. Fig. 3.10 shows the formation of the final image of 
the object at infinity. When the object AB is placed at distance 


e A’B’ is formed on 


the other side of the lens at a distance CA’ =v » from it. The 


final image will be formed at infinity, if the image lies at 
distance C’A’ =f, = 5 cm from the eye lens. Since length of 
the microscope tube is L = 20 cm, it follows that 


v,=L-f,=20-5=15cm 
i DPE PER | 


— — $e 


For object lens: 
: Uy Vo fe 


Here, fo =1em;v, =15cm 
pinragt tpbes Ua Sarat 
i WO eta eo 15 
15 
or t= Col 
14 


When the final image is formed at infinity, the 
magnifying power of the microscope is given by 
vg . D: 


D=25cm;f,=5cm 
19 x = =-70 

-15/14 5 

The negative sign shows that the image formed is 


inverted and real. 


pe C. On Astronomical telescope 
Problem 3.08. An astronomical telescope, consists of 


two thin lenses set 36 cm apart and has a magnifying power 
8. Calculate the focal length of the lenses. (GiBS (291997) 
Sol. Here, f, +f, = 36cm od) 
M=-8 (magnifying power is negative) 


Here, 


Now, M=-/2 
dane to 
fe 

or fo=8f, (ii) 


From equations (i) aad (ii), we have 
8f,+f,=36 or f,=4cem 

Again f,=8f,=8x4= 32cm 

Problem 3.09. The focal length of the objective of an 
astronomical telescope is 75 cm and that of the eye-piece is 
5 cm. If the final image is formed at the least distance of 
distinct vision from the eye, calculate the magnifying power 
of the telescope. 

Sol. Here, f,=75cem;f,=5cm 

We know, D = 25 cm 


Now, 


=-15x1-2=-18 

Problem 3.10. A small telescope has an objective lens 
of focal length 140 cm and eye-piece of focal length 5-0 cm. 
What is the magnifying power of the telescope for viewing 
distant objects, when (a) the telescope is in normal 
adjustment and (b) the final image is formed at least 
distance of distinct vision ? 

Sol. Here, f, = 140 cm che =5-0 cm 

(a) When telescope is in normal adjustment, 
fo HE 140 é 0 } 


M=- 2428 
fe 5-0 


a ) When im 


vision, then 
fe D 5-0 25 


=-— 28 x (1+ 0:2) = - 33-6 
Problem 3.11. A telescope objective of focal length 1 m 
forms a real image of the moon 0-92 cm in diameter. 
Calculate the diameter of the moon taking its mean distance 
from the earth to be 38 x 104 km. If the telescope uses an 
eye piece of 5 cm focal length, what would be the distance 
between the two lenses for (i) the final image to be formed 
at infinity, (ii) the final image (virtual) at 25 cm from the eye. 
(LS.CCEs 1997) 
Sol. Here, f,=1m;f,=5cm=0-05m 
Size of the image of the the moon, 
1= 0-92 cm = 0-92 x 10 m 
Mean distance of the moon from earth, 
U, = 38 x 104 km = 38 x 10-7 m 
Let d be the diameter of the moon. 
Refer to Fig. 3.05 or 3.06. Both moon and its image form 
the same angle i.e. a at the objective. 
Angle subtended by moon at the objective, @ = & (0) 


0 
and angle subtended by image of the moon at the 
objective, 


I 
a=— ..-(ii) 
fo 
From equations (i) and (ii), we have 
Beg a 
Uy fo i 
= 
or d= x hy = EE x 38 x 107 
(0) 


= 3-496 x 10° m = 3496 km * 

(i) When the final image is formed at infinity, then 
distance between the two lenses is equal to sum of their focal 
lengths i.e. 

L=f,+f,=1+0-05 = 1-05 cm = 105 cm 


f,=5 cm 7 v= —~D=-25em f 
If u, is the distance of the image of moon formed by; 
objective from eye pieee, then ; r 
Ran Ajn >t bout mor It pred 6 | 

_ + = or —_ — = _ = : 

Coe 0, los 2) oD 25 — 


or Up =—— =— 4:17 cm 


Therefore, distance between the two lenses, 
L'=f}+|u, | =100+4-17 = 104-17 cm 

Type D. On Reflecting type telescope 

Problem 3.12. A reflecting type telescope has a concave 
reflector of radius of curvature 120 cm. Calculate the focal 
length of eye piece to secure a magnification of 20. 

(HLP.S.S.C.E, 1998) 
Sol. Here, M=-20 (magnifying power is negative), 
Here, radius of curvature of concave reflector, 


R=120cm 
Therefore, focal length of concave reflector, 
R 120 ' 
=~ =-—=-60cm 
ete - 
Now, magnifying power, M = fo 
é 
— 60 
or fe= fe er Ga 3cm 
Type E. On Light gathering er of atelescope 


Problem 3.13. The lens of our eye has a diameter of 
0-8 cm. How much fainter star can be seen through the 508 
cm objective telescope at Mount Polomar in U.S.A. ? 

Sol. Here, d = 0-8 cm ; D = 508 cm 

2 2 

The brightness ratio, B = _ = Se 4 
ad“ (0-8) : 

The telescope can see a star 403225 times fainter than the 
faintest star that can be seen with naked eye. 


= 403225 


TECHIE STUFF CONCEPTUAL NI MERICAL 


objective lens of focal length 2-0 cm and an eye-piece 
f focal length 6-25 cm separated by a distance of 15 cm. How 
far from the objective should an object be placed in order 
to obtain the final image at (a) least distance of distinct 
vision (25 cm) (b) infinity ? (Text Problem) 
Sol. Here, f, = 2-0 cm rfp = 6:25 cm; 
(a) To obtain the final image at least distance of distinct 
vision : Refer to Fig. 3.03. If AB is the object, then final image 
A’'B” is formed at the distance of distinct vision D. 


lagesle off 
For eye lens :— — + — = — 


Ue Ve fe 
Ve =— 25cm; fe =+6-25cm 
1 1 1 
+ = 
Up wa 2b tage 25 


Problem 3.14. A compound microscope consists of an 
ty) 


Here, 


63 up, 2 Spenes 
or u,=-S5cm 
For object lens : ge eae 

Brn Dg = fig 


Now, CC’=15cm; 
Up =CA' =CC’-(u,) = 15-1 -51 =10 cm; f,=4+2cm 
1 1 1 


Un hPAd + 2 
ORS 1 1 aad 


a He AGL D1 ID 
u,=—2:5cm 
(b) To obtain the final image at infinity : Final image will 
be formed at infinity, if the object lens forms the image of the 
object at the focus of eye lens, i.e. at a distance of 6-25 cm. 


1 
Now, tie Bagel eas 
Uy Vo fo 
1 1 i 
=a + = 
Up & eh Bh7 a 9i2"D 
1 1 Laid 2528-75 
or eS 
PEASE S 260 B75 X 2 
8-75 x2 
or Wet Sa 2-59 cm: 
6-75 


Problem 3.15: A refracting telescope has an objective 
e of focal length 1 m and an eye-piece of focal length 
0 cm. A real image of the sun 10 cm in diameter is formed 
n a screen 24 cm from the eye-piece. What angle does the 
un subtend at the objective ? (Text Problem) 

Sol. Here, f, = 1m = 100 cm ;f-=20 em; D = 24cm; 

Refer to Fig. 3.05 : Final size of the image of the sun, 

A’'B”’ = 10cm 

If A’B’ is the size of the image formed by object lens, then 

ngle formed by the sun at the objective is given by 


A'B’ 
fo 
To find A'B': As shown in Fig. 3.04, A’B’ acts as object 
or eye-piece and its virtual image A‘’B’’ is formed at a 
listance of 24 cm. Therefore, 


tan & = 


xB D 
=1+— 
A’'B’ bi 
10) p49 oss N33 0 
or AB’ 0 20 or B’ =— cm 
path ge MRO Tp jise radian 
11x100 22 


Proble 
Ga observatory has an objective lens of focal length 15 m. 


nes 


(a) A giant refracting telescope at 


If an eye-piece of focal length 1-0 cm is used, what is the 
angular magnification of the telescope ? 

(b) If this telescope is used to view the moon, what is 
the diameter of the image of the moon formed by the 
objective lens ? The diameter of the moon is 3-48 x 10° m 
and the radius of the lunar orbit is 3.8 x 10° m. 


(Text Problem) 
Sol. Here, f, = 1m ;f.=10cm= 0-01 m; 
pages Plead Ee) 
(a) Angular magnification = — ~~ = ——— = — 1500 
i 0701 


(b) Angie subtended by the moon, 
_ diameter of moon 
radius of lunar orbit 
3-48 x 10° 
a= awe 8 

3-8x10 

Angle subtended by the image I of the moon as formed 
by the objective, 


Ad) 


or 


size of image 


fo 
or a Sep lh (ii) 
as Pet 
From equations (/) and (ii), we have 
I _3-48x10° 
15 3.8 10° 
or I= BpdS 2015 x 102 = 0-137 m 


7. FREQUENTLY. ASKED VERY SHORT ANSWER QUESTIONS. 


Q. 3.01. Which is the natural optical instrument ? 

Ans. Eye is called the natural optical instrument. It is 
secause, eye has the capability of automatic adjustment of 
aperture and focussing. 

Q. 3.02. What is range of vision for normal eye ? 

Ans. Eye can see up to considerably large distance 
infinite) without any physical strain. However, if the objects 
are held close to the eye, strain is felt. The value of least 
distance of distinct vision for a normal eye is 25 cm. 

Q. 3.03. What should be the position of an object 
relative to a biconvex lens, so that it behaves like a magni- 
fying lens ? (C.B.S.E. 1990 S) 

Ans. Object should be placed between the optical centre 
and focus of the lens at such a point that its image is formed 
at least distance of distinct vision. 

Q.3.04. What is the magnification produced by a single 
convex lens used as simple microscope in normal use ? 

(LS.S.CCEPE995) 


Ans. M=1 ip 
Q. 3.05. Why do we prefer a magnifying glass of 
smaller focal length ? 


Ans. For a magnifying glass, M = f + 2) 


With Answers/Hints 


It will be large, if the focal length of the magnifying lens 
is small. 

Q. 3.06. Name a few uses of magnifying glass. 

Ans. Refer to section 3.01. 

Q. 3.07. Define magnifying power of compound 
microscope. (P.S.S.C.E. 2001) 

Ans. Refer to section 3.02. 

Q. 3.08. Why must both the objective and the eye-piece 
of a compound microscope have short focal lengths ? 

Ans. The magnifying power of a compound microscope 


is given by 
m=-E (142 
fo\ fe 


where the letters have their usual meanings. Obviously, M 
will have a large value, if both f, and f, are small. 

Q. 3.09. Two lenses of focal lengths 5 cm and 50 cm are 
to be used for making a telescope. Which will you use for 
the objective ? (I.S.C.E. 1997) 

Ans. In a telescope, objective is a lens of large aperture 
and large focal length. Therefore, lens of larger focal length 
i.e. 50 cm will be used as objective. 

Q. 3.10. What is normal adjustment ? 

Ans. A telescope is said to be in normal adjustment, if 
the final image is formed at infinity. 


Arse ahen the felecenpe is on onal ed ustaent ? 
Ans. Length of the telescope in normal adjustment 
=fo the 
Q. 3.12. Express the angular magnification of an 
astronomical telescope in terms of the focal lengths of the 
objective and the eye-piece. (.S.C.E. 1994) 


Ans. M=-— i (when final image is formed at ©) 
(4 

and m=—fe(1+£) 
fe D 


(when final image is formed at D) 

Q. 3.13. How does magnifying power of a telescope 
change on decreasing the aperture of its objective lens ? 
Justify your answer. (C.B.S.E. 1998) 


Q. 3.01. Draw a labelled diagram showing course of 

rays for a simple microscope. (A.PS,5:C.E 51,998, S) 
Or 

Draw a neat labelled diagram for a simple microscope 
or magnifying glass. (.S-C.EO 1996) 

Ans. Refer to Fig. 3.01. 

Q. 3.02. Using a ray diagram, show the image formation 
by a simple microscope. What is the nature of the image 
formed ? (C.B.S.E. 1990 S) 

Ans. Refer to Fig. 3.01. 

The image formed is virtual in nature. 

Q. 3.03. An object is first seen in red light and then in 
violet light through a simple microscope. In which case is 
the magnifying power of simple microscope greater ? 

(GC. B.S Ed 999.S) 

Ans. The magnifying power of the simple microscope 
will be greater, when the object is seen in violet light. 

For details, refer to conceptual SAQ 3.05 (@). 

Q. 3.04. Draw a ray diagram to show how an image is 
formed by a compound microscope. 

(C.B.S.E. 2002, 1998, 1997) 
: Or 
Draw the ray diagram of a compound micro-scope. 
(A. PSISS ER200L 3 PS SIE. Log oS |; 
H.S.S.C.E. 2001, 1998 S) 
Or 

Draw a labelled ray diagram showing formation of 
image in a compound microscope. 

(C.BiS,E,2001;:1999; 1992 S, 1990 ; H.P.S:S.C6:6:)1995) 

Ans. Refer to Fig. 3.03. 

Q. 3.05. Show the working of a compound microscope 
with the help of a ray diagram. (P:S.S:G.Ev1998)S) 

Ans. Refer to Fig. 3.03. 

Q. 3.06. Draw a labelled ray diagram showing the 
formation of image in a compound microscope. Also define 
the magnifying power of compound microscope. 

(P.S.S.C.E. 2001) 

Ans. Ray diagram. Refer to fig. 3.03. 

Magnifying power. Refer to section 3.02. 

Q. 3.07. Draw a labelled ray diagram ‘to show the 
formation of image of an object in a compound microscope. 


of the mernire of the objective. ae 


Q. 3.14. If a telescope is inverted, will it serve as @ 
microscope ? 

Ans. No. 

Q. 3.15. What is a prism binoculars’? ? 

Ans. A prism binoculars basically consists of a pair oO! 
astronomical telescopes with relatively quite small length oi 
the telescope tubes in comparison to that of'an ordinary 
telescope. The use of prisms cuts short: the! dength of the 
telescope tubes. 

Q. 3.16. Telescope lens usually has large aperture, 
Why ? 

Ans. The object lens ofa ees apertine ina telescope 
provides greater resolving power and produces a bright 
image due to greater light gathering. 


With Answers/Hints 


Write the expression for its magnifying power. 
(C.B.S.E. 1998 St 
Ans. For ray diagram, refer to Fig. 3.03. 


Magnifying power, M =— us ' + 2| 
Io fe 


where the letters have their usual meanings. 

Q. 3.08. Draw a labelled ray diagram showing the 
formation of image of a distant object using an astronomical 
telescope in the normal adjustment. 

(H.S.S.C.E. 2001 ; C.B.S.E. 2000) 
Or 

Draw a ray diagram to show formation of image by a 

refracting type astronomical telescope. 
(C.B.Si1E.82002,.19992 1998, 4997,,1996 ; 
PS ovke1 997.8) 

Ans. Refer to Fig. 3.04 or 3.05. 

Q. 3.09. Draw a ray diagram showing how the final 
image of a distant object is formed using an astronomical 
telescope in the near point position. (C.B.S.E. 2001) 

Ans. Refer to Fig. 3.05. 

Q. 3.10. Draw the course of rays in an astronomical 
telescope, when the final image is formed at infnity. Also 
define the magnifying power of the astronomical telescope 
in this position. (P.S.S.C.E. 2001) 

Ans. Course of rays. Refer to Fig. 3.04 

Magnifying power. Refer to section 3.04 (a). _ 

Q. 3.11. Draw the course of rays in an astronomical 
telescope, when the final image is formed at the least 
distance of distinct vision. Also define the magnifying 
power of the telescope in this position. (P.S.S.C.E. 2001) 

Ans. Course of rays. Refer to Fig. 3.05 

Magnifying power. Refer to section 3.04 (0). 

Q. 3.12. Draw the diagram of an astronomical tele- 
scope, when the final image is formed at the distance of 
distinct vision. Write the formula for magnifying power in 
the above noted case. (H,.SiS.C.E, 1995) 

Ans. Refer to Fig. 3.05. 


Mapmny ne power, M=— fo (1 + fe) 
fe\ D 


| 


Draw a ray diagram to lustr 
a Newtonian type reflecting telescope. 
(C.B.S.E. 2001, 2000, 1999) 
Or 
Draw a neat labelled ray diagram for a simple astrono- 
mical telescope using a reflector. (I.S.C.E. 1994) 
Ans. Refer to Fig. 3.06. 
_©'.-Q.3.14: List some advantages of a reflecting telescope. 
- Ans. Advantages. 1. The image formed is free from 
chromatic aberration. 
2. The spherical aberration can also be minimised by 
using a parabolic mirror ‘as objective. 
3. The image formed is very bright due to its large light 
gathering power. As such, it enables us to see even very faint 
‘stars. 
Q. 3.15. Distinguish between magnifying power and 
resolving power of a telescope. (C:B.S)E91992 S) 
Ans. Refer to sections 3.06. 
Q. 3.16. On what factors does (i) magnifying power and 
(ii) resolving power of a compound microscope depend ? 
(CIB: E1998) 


formation by 


Ans. (i) Magnifying power, M = — iD t + 2 
0 é 

Therefore, magnifying power of a compound micro- 
scope depends upon the focal lengths of the objective and eye 
piece of the microscope. 
2psin@ 

A 

Therefore, resolving power of a microscope depends 

upon the wavelength of light used to illuminate the object, 


(ii) Resolving power = 


Wo. 3.01. What for are the optical instruments used ? | 


Ans. The optical instruments are used (i) to produce the 
image of the close lying objects at the least distance of distinct 
vision, (ii) to increase visual angle and hence to produce 
magnification and (iii) to improve the resolving power of the 


eye. 
oo 3.02. The angle subtended at the eye by an object 
is equal to the angle subtended at the eye by the virtual 
image produced by a magnifying glass. In what sense, 
then, does a magnifying glass provide angular magni- 
fication ? (Text Question) 
Ans. It is true that the angle subtended at the eye by an 
object is equal to the angle subtended at the eye by the virtual 
image produced by a magnifying glass. The angular magni- 


fication produced by the magnifying glass lies in the fact as — 


follows : 

In case the magnifying glass is not used, the object to be 
seen has to be placed at a distance of 25 cm, whereas the 
magnifying glass allows us to place the object much closer to 
eye. Obviously, the angle formed by the object at the eye, 
when it is placed closer to eye will be much larger than the 
angle formed by it when placed at a distance of 25 cm from 
it. It is in this sense that a magnifying lens produces angular 
magnification. 


| oat—uo_O2|)ns FOr Ambitious, 


object enter the objective. 
Q. 3.17. On what factors does (i) magnifying power and 
(ii) resolving power of a refracting type astronomical 


telescope depend ? (C.B.S.E. 1998) 


Ans. (i) Magnifying power, M = — a 
e 

Therefore, magnifying power of a telescope depends 
upon the focal lengths of the objective and the eye-piece of 
the telescope. 

(ii) Resolving power vost 

Therefore, resolving power of a telescope depends upon 
the wavelength of light in which the object is seen and the 
diameter (aperture) of the objective. 

Q. 3.18. How will the magnifying power of a refracting 
type astronomical telescope be affected on increasing for 
its eye piece (i) the focal length, and (ii) the aperture ? Justify 
your answer. (C.B.S.E. 1997) 


Ans. (i) Refer to SAQ 3.17. Since Me 1% the 
e 
magnifying power of the telescope will decrease on increasing 
the focal length of the eye piece. 

(ii) The resolving power of the telescope depends on the 
aperture of its objective. It does not depend on the aperture 
of the eye-piece. 

~ Q. 3.19. What do you mean by light gathering power 
of a telescope ? 

Ans. Refer to section 3.06. 


brilliant & Curious Students 
> 3.03. When observed from the earth, the angular 
diameter of the solar disc is 32’. Determine the 
diameter of the image of the sun formed by a convex lens 
of focal length 25 cm. 
Ans. Here, f = 25cm 


and angular diameter of the sun, 
9 =37 =" x rad 
180 60 
The image of solar disc will be formed in the focal plane 
of the lens [Fig. 3.11]. The diameter (D) of the image of solar 
disc will subtend at the optical centre of the lens an angle 
equal to the angular diameter of the sun. Therefore, 


D=f6=25x—- x 
180 60 
= 0-233 cm 
IMAGE OF 
SOLAR DISC 


usually positions one’s eye very close to the lens. 
Does angular magnification change, if the eye is moved 
back ? (Text Question) 

Ans. Refer to Fig. 3.01. While viewing through a 
magnifying glass, the eye has to be placed very close to the 
lens. It is essential, otherwise the angle subtended at the eye 
by the object and its virtual image will not be equal. 

If the eye is moved back, the angular magnification 
decreases a little. It is because, now the angle subtended at 
the eye by the image is less than that subtended by the image 
at the lens. (The angle subtended by the object at the eye is 
also less than that subtended at the lens, but the difference is 
very small). 

Q. 3.05. Microscopes in which object is illuminated by 
BP sltraviotet light can give higher magnifications than 
the microscopes that use visible light. 

(a) How do you explain this ? 

(b) How are the images seen, if no visible light is 
used ? 

(c) Since glass is opaque to ultraviolet light, how can 
such a microscope be made ? 

Ans. (a) The magnification produced by a microscope, 


dele, foo D. 
Sf, [1.2 


Focal length of a lens decreases with decrease of 
wavelength. Since wavelength of ultraviolet light is less than 
that of visible light, the focal lengths of the object and the eye 
lenses will be lesser, when ultraviolet light is used. Hence, 
magnification produced by the microscope will increase on 
using ultraviolet light. 

(b) Ina microscope using ultraviolet light, the images are 
produced on a fluorescent screen or on a photographic plate. 

(c) The lenses used in the microscope must be 
transparent to the ultraviolet light. Quartz is transparent 
down to 2100 A, while fluorite down to about 1200 A. 
However, air absorbs electromagnetic waves strongly, whose 
wavelength is below 1800 A. Therefore, lenses made of quartz 
or fluorite may be used in ultraviolet light of wavelength 
above 1800 A. 

Q. 3.06. What is difference between magnification and 
angular magnification produced by a lens ? 

Ans. The magnification produced by a lens is the ratio 
of the size of the image to the size of the object. It can be easily 
seen that it is also equal to the ratio of the distance of the image 


from the lens to the distance of the object from the lens. Thus, 


v 


magnification produced, m= 


On the other hand, angular magnilipation produced by 
alens is defined as the ratio of the angle subtended by image 
at the eye to the angle subtended by object seen directly, when 
both lie at the least distance of distinct vision. It is also called 
magnifying power of the lens. It can be easily verified that 


angular magnification produced = —, 
u 


where D is least distance of distinct vision. It follows that 
magnification becomes equal to the angular magnification, 
when 


Dje= 4) 


i Q. ky , ; ng t ou ¢ i ng gl Ss, cb 


prepereonl to the’ foal renee of the ens. 
stops us from using a convex lens of smaller and smaller © 
focal length and achieving greater and greater magnifying 
power ? (Text Question) 

Ans. A lens of short focal length is not easy to © 
manufacture. Further, a lens of short focal length would be 
quite thick at centre and such a lens (due to its prismatic 
action) disperses the white light and a multicoloured image 
is formed. This defect in a lens is called chromatic aberration. 

In practice, an ordinary convex lens can be used to 
produce a magnifying power of 3 or so. However, by 
designing an achromat (a combination of two lenses having 
no chromatic aberration), one may get a magnifying power ~ 
of 10 or so. 

Q. 3.08. When viewing through a compound micro- 

scope, our eye should be positioned not on the eye- 
piece but a short distance away from it for best viewing. 
Why ? How much should be that short distance between the 
eye and eye-piece ? (Text Question) 

Ans. The eye-piece produces the image of the object lens 
itself. This image is called “eye ring’. An important point about 
the eye ring is that all the rays from the object and refracted 
from the object lens pass through it. The eye would receive 
all the rays from object, if itis placed at the position of the eye 
ring, provided area of the pupil of the eye is greater than or 
atleast equal to the area of the eye ring. In case eye is placed 
close to the eye-piece, then it would not collect all the rays 
from the object. Moreover, the field of view will be reduced. _ 

Q. 3.09. Why is a reflecting type telescope preferred in 

astronomy ? 

Ans. A lens of large aperture and at the same time free 
from lens-aberrations cannot be manufactured. Therefore, the 
lens used cannot be of very large aperture. Obviously, light 
gathering power of such a telescope will be very low and 
hence it will not enable us to see faint stars. 

The spherical aberration can be eliminated by making 
use of a parabolic mirror. Since mirrors of large apertures can 
be easily designed, reflecting type telescope will have large 
light gathering power. 

Q. 3.10. A convex and concave lens having focal 

lengths of 30 cm and 10 cm respectively are placed at 
a distance 20 cm from each other. Where should a source of 
light be placed so that the system of the two lenses will 
produce a beam of parallel rays ? \ 

Ans. Suppose that convex lens L, (f; = 30 cm) and 
concave lens L, (f, = 10 cm) are placed at a distance 20 cm 
apart as shown in Fig. 3.12. 


L,(f,=30 cm) 


L5(f-=10 cm) 


Fig. 3.12 
Suppose that the beam of light after falling on thre 
convex lens converges at point P. 


lens,point P is focus of the concave lens. 
C,P=C,C, + C,P 
= 20+ 10 = 30cm 

Since focal length of the convex lens is also 30 cm, the 
point P is focus of convex lens. Thus, the beam of light 
after falling on the convex lens is coverging at its focus. 
Hence, a parallel beam of light is falling on the vovex lens, 
which requires that the source of light must be situated at 
infinity. 


1. Explain, how a convex lens held close to an eye may be used 
as a simple microscope and calculate the magni-fication 
obtained. 

2. Explain the working of a simple microscope and find an 
expression for its magnifying power. (H.S.S.C.E. 2002) 

3. Describe a simple microscope and prove that smaller the 
focal length of the lens forming a simple microscope, 
greater is its magnifying power. 

4. Derive an expression for the angular magnification of a 
simple microscope. (BH P'S:S'C. Es 1999 Al one. 1996) 

5. Explain the working of a simple microscope and show that 


its magnification m is given by m=1+ By where f = focal 


length and D = distance of distinct vision.(C.B.S.E. 1992) 
6. Draw aray diagram to show image formation in a com- 
pound microscope. Find an expression for its magnifying 


power. (H.S.S.C.E. 2002) 
7. Derive arelation for the magnifying power of a compound 
microscope. (PS.S.C.E. 1997) 
8. Define magnifying power of a compound microscope and 
derive a relation for it. (P.S.S.C.E. 1996 S) 


9. Draw aray diagram to show image formation in an astro- 
nomical telescope. Find an expression for its magnifying 
power. (H.S.S.C.E. 2002) 


binoculars, though it is a pair of astronomical 
telescopes ? 

Ans. An astronomical telescope will have large 
magnifying power, only if it makes use of an object lens of 
large focal length. In that case, the length of the telescope will 
become very large. Moreover, in a telescope, image formed 
is laterally inverted. 

Prism binoculars is an arrangement, which not only cuts 
short the length of the tube, but produces an erect and highly 
magnified image without any lateral inversion. 


ks 


% 
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10. Define magnifying power of an astronomical telescope and 
derive a general relation for it. 
(H.S.S.C.E. 1999 S ; P.S.S.C.E. 1996) 
11. Draw a labelled diagram of an astronomical telescope 
forming the final image at the near point. Write down the 
formula for its magnifying power. (C.B.S.E. 1993) 
12. Draw a ray diagram to show image formation by a 
Newtonian reflecting telescope. Give its two advantages. 
(H.S.S.C.E. 2002) 
13. Give the construction and working of a reflecting type 
telescope. Also trace the course of rays through such a 
telescope. What are the advantages of the reflecting type 
telescope over the others ? 
44. Draw alabelled ray diagram for a reflecting type telescope. 
Write four advantages of a reflecting type telescope over 
a refracting type telescope. On what factors does its 
resolving power depend ? (C.B.S.E. 1998, 1997) 
15. Bring out the difference between a refracting and a 
reflecting type telescope. 
16. Describe the working of a prism binocular with a suitable 
diagram. Discuss its advantages over an ordinary 
astronomical telescope. 


1. With the help of a ray diagram, explain the working 
principle of a compound microscope. 


2. Draw a ray diagram showing the image formation in a 
compound microscope. Find an expression for its magni- 
fying power. (H.S.S.C.E. 1998) 

3. With the help of ray diagram, illustrate the formation of 


Derive an expression for its magnifying power. 
(PS.S.C.E. 1999, 1998 S ; H.S.S.C.E. 1998 ; 
H.PS.S.C.E. 1996) 
4. Draw the course of rays through a compound microscope. 
Obtain an expression for the magnifying power of a 
microscope. (H.S.S.C.E. 2002 ; H.P.S.S.C.E. 2002) 
5. You are given two convex lenses of short aperture having 
focal lengths 4 cm and 8 cm respectively. Which one of 
these will you use as an objective and which one as an eye 
piece for constructing a compound microscope ? Draw a 
ray diagram to show the formation of the image of a small 
object due to a compound microscope. Derive an 
expression for its magnifying power. (C.B.S.E. 2001 S) 
6. Explain the construction and working of a compound 
microscope. Derive an expression for its magnifying 
power. (PS.S.C.E. 2002, 2000) 
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7. Draw a labelled diagram to illustrate the action ofa 
compound microscope in normal use. Define angular 
magnification and use it to find the magnification, when 
the final image is formed at the least distance of distinct 
vision. (1.S.C.E. 1995) 

8. Define (i) magnifying and (ii) resolving power of a 
telescope. Find the magnifying power of a microscope, 
when final image is formed at the distance of distinct 
vision. (H.S.S.C.E. 1995) 

9. Explain the construction and working of an astronomical 
telescope. Derive the expression for its magnifying power 
in normal adjustment. (P.S.S.C.E. 2000) 

10. Describe construction and working of an astronomical 
telescope. Calculate its magnifying power, when the image 
is formed at the least distance of distinct vision. 

(H.S.S.C.E. 1996) 

11. What is an astronomical telescope ? Give its ray diagram. 
Find out the expression for its magnifying power, when 
the final image is formed at the least distance of distinct 
vision. ' (H.PS.S.C.E. 1999 S) 

12. Draw the course of rays in an astronomical telescope and 
find a relation for its magnifying power, when the final 
image is formed at distance of distinct vision. 

(PS.S.C.E. 1994, 1992) 
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A. On Simple Microscope 


o ‘to sho wr hc ; LL, 


of a distant object is formed by an astronomical refractin 
telescope in normal adjustment. Obtain an expression for 
its magnifying power. (C.B:S!E?1999;;, .S.G.E.. 1994) 


You are given two convex lenses of focal lengths 80 mm 
and 800 mm. Which one will you use as an objective and 
which one as an eye-piece for constructing an astronomical 
telescope ? Trace the course of rays through the two lenses 


> 


A converging lens of power 25 D is used as a simple 
microscope. Calculate the magnifying power, if the 
distance of distinct vision is 25 cm. [Ans. 7-25] 
A figure divided into squares each of size 1 mm* is being 
viewed at a distance of 9 cm through a magnifying glass 
of focal length 10 cm. At what distance should the lens be 
held from the figure, so that the virtual image of each 
square in the figure is to have an area of 6-25 mm2? 
Will you be able to see squares distinctly with your eye 
very close to the magnifier ? (Text Problem) 

[Ans.— 6 cm, No] 
A man with normal near point (25 cm) reads a book with 
small print using a magnifying glass — thin convex lens of 
focal length 5 cm. (a) What are the closest and the farthest 
distances at which he can read the book when viewing 
through the magnifying glass ? (b) What is the maximum 
and minimum angular magnifications possible using the 


above magnifying glass ? 
[Ans. (a) 4-17 cm, 5 cm (b) 6, 5] 


B. On Compound Microscope 


The focal lengths of the objective and eye-piece of a 
compound microscope are 4 cm and 6 cm respectively. If 
an object is placed at a distance of 6 cm from the objective, 
find the distance between the objective and the eye-piece. 
Distance of distinct vision is 25 cm. [Ans. 16-84 cm ] 
The total magnification produced by a compound 
microscope is 20, while that produced by the eye-piece 
alone is 5. When the microscope is focussed on a certain 
object, the distance between objective and eye-piece is 
14 cm. Find the focal length of objective and eye-piece, if 
distance of distinct visionis 20cm. [Ans.2cm,5cm] 
Anangular magnification of 30 X is desired using an objec- 
tive of focal length 1-25 cm and an eye-piece of focal length 


15. 


16. 


Derive ane pression for the magnifying power of the 


\f f 4 ) ‘ 
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telescope for normal adjustment. (C.B.S.E. 1995) 
Draw a labelled diagram of a telescope and explain its 
working. Give an expression for its magnifying power. 
(C.B.S.E. 1992) 
Calculate the magnifying power of compound microscope 
and astronomical telescope. (H-P.S.S:C.E. 1993) 


For Practice 
5 cm. How will you set up the compound microscope ? 


[Ans. Placing two lenses 11-67 cm apart and object at a 
distance of 1-5 cm from objective ] — 


Type C. On Astronomical Telescope 


Te 


In a simple form of an astronomical telescope, the focal 
length of the objective lens is 75 cm and that of eye-piece 
5 cm. Calculate the magnifying power and the distance 
between the two lenses, when the final image of the distant 
object is seen at a distance of 25 cm from the eye. 

[Ans. — 18, 79-17 ] 
The magnifying power of an astronomical telescope is 5. 
When it is set for normal adjustment, the distance between 
the two lenses is 24 cm. Calculate the focal length of its eye- 
piece and that of its objective. [Ans. 4 cm ; 20 cm ] 
A telescope has an objective lens of focal length 140 cm and 
an eye-piece of focal length 5 cm. If this telescope is used 
to view a 100 m tall tower 3 km away, what is the height 
of the image of the tower formed by the objective lens ? 
Also calculate the height of the final image of the tower, 
if it is formed at 25 cm. [Ans. 4-67 cm, 28 cm ] 


Type D. On Reflecting typeTelescope 


10. 


Areflecting type telescope has a large spherical mirror for 
its objective with radius of curvature equal to 80 cm. What 
is the magnifying power of telescope, if eye-piece used has 
a focal length of 1-6 cm. (Text Problem) [Ans. — 25] 


Type E. On Light gathering power of aTelescope 


11. 


12. 


The objective of telescope A has a diameter 3 times that of 
the objective of telescope B. How much greater amount of 
light is gathered by A as compared to B ? [Ans. 9] 
The lens of our eye has a diameter of 8 mm. How much 
fainter objects can be seen through a telescope of 120 cm 
aperture as compared to the faintest naked eye star ? 
[Ans. 22500] 


Pe OPO Tig rere 
Pie 25 


Now, m=1+ — 


Linear magnification, m = ne = 2:5 


Now, m= f OF 2 = . or u=—-6cm 
f u+10 
igepioding ocsh r serdbayetivcral 
Oat if 6 v 10 
or v=-15cm 


The image will be found at 15 cm from the lens. Since least 
distance of distinct vision is 25 cm, the squares will not be 
seen distinctly, when eye is held close to the magnifier. 


(a) The closest distance (u) of book from the magnifying 


lens corresponds to the position, when image is formed at 


distance of distinct vision. 
/ 


(eT 
From the relation : — —+— =— , we have 


BA wird uf 


1 1 1 


pt 255 
The farthest distance (u’) of the book from the magnifying 
lens corresponds to the position, when image is formed at 
infinity. 


or u=-4-17cm 


i ea a on 
From the relation : — —+—=—, we have 
Obie waif 
ee dealin or u’=-5cm 
Ge Co ey 


D 
(b) Angular magnification = i, 


Thus, maximum angular magnification = ——> = 6 
, / ) 


RR 25 
and minimum angular magnification = 


piece; 6 17,7 
bev, + last =o) 
To find v, 
u,=-6cm,. f,=4cem 
' i) Al 
Now, be ee 1 or Ee MeOe 
Uy Uo id 6.05 4 
or v,= 12cm 
To find u,:. .v,=~—25 cm, f,=6 cm 
N 1 Se 1 1 it 1 1 
OWra peri — = — or a eae pene 
e€ Ve ie Uu, —25 6 
or u, =— 4:84 cm 


From equation (i), we have 
 L=12+ 4-84 = 16-84 cm 
Magnification produced by a compound microscope, 


quvalaae D: 
ih tg fe 


Here, M=-20 (final image is inverted) 
and m,=5 (magnification produced by eye-piece) 
Therefore, magnification produced by objective, 


viaje ence is 
Me 5 
Now 7m Va) or nd = 2 a OF f,=5cm 
fe e 
5 
‘Also; i, = fe or =— or u,=-4cm 
Ug hife ust g 


Refer to Fig. 3.03, The distance between objective and eye- 
piece, 

v,+ lu! =14 or v,+4=14 or v,=10cm 
Now, magnification produced by objective, 


my =~ 
Uy 
10 
or =4=7-— Or u,=-25cm 
Uy 
Aig O08, Sieh elaly weyers Doves Honerk 
fs BAMOFG D5 UMN Mes 
or =2cm 


Here, M=-30, f,=125em f,=5cm 
Magnification produced by eye-piece, 


2 
q, the pp Ectad Bau 
, 5 
5 
Also, m,= fe Orb 
e e u,+5 
or u,=—417 cm 
Magnification produced by objective, 
M -—30 
m =—=— =75 
Me 6 
fa 1:25 
m= —5=——_—_ 
ALT la ie SS yy +1-25 
or u.=-15cm 
Also, ett or Swe oe 
ie 1°25 
or v,=7:5cm 


Refer to Fig. 3.03. The distance between objective and eye- 
piece, 
Leo, =lujh= 7-5 +417 = 11,67 cm 


10. 
11. 


cm apart and object at a distance of 1-5 cm from the 
objective. 
Here, f,=75cm, f,=5em 


Nor m= fo(1+4)--Bf1+3)-—1 
te 25 


D 5 
Refer to Fig. 3.05. The distance between the objective and 
eye-piece, 
L=f,+ lu,| 
Now, ae or peg eo 
bt. Ue. fe Ue —25 9 
or u,=-417 cm 


Ap L=75 +417 = 79-17 cm 
Magnification produced by a telescope in normal 
adjustment, 


or fo=5f, 
Also, distance between two lenses (when telescope is in 
normal adjustment), 
|e 6 may ee es ofS tthe 
or 24=5f, +1. O° ftom 
Also, f,=5 x 4= 20cm 
Here, f,=140cm, f,=5cm 


t?) 


Let a be angle formed by the object at the objective lens. 
Then, 


height of the object _ 100 _ 1 
fan o = distance of the object 3100 30 
Refer to Fig. 3.05. LetAB’ be the height of image produced 
by objective lens. The image is formed at the focus of 
objective lens and the angle formed by it at the objective 
lens is also equal to a. Therefore, 


Dp’ 


tan a =—_— 
fo 
or tan @ — ...(il) 
140 
From equations (i) and (ii), we have 
AB Ly AB = = 4-67 cm 
140 30 30 
Magnification produced by eye-piece, 
D 25 
m,=1+— =1+ — =6 
t fe 5 


Therefore, height of final image of the tower, 
A"B" =m, x A'B’ = 6 x 4-67 = 28-0 cm 

Proceed as in solved problem 3.12. 

Light gathered by telescope A 


Light gathered by telescope B 


\2 
_| diameter of the objective of telescope of A 
~| diameter of the objective of telescope of B 


= (33)2=9 
Here, d = 8 mm = 0:8 cm, D= 120 cm 
The brightness ratio, 
D2 2 
eer ae ony = 22,500 
d (0-8) 
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meee 4.01. WAVEFRONT 


According to wave theory of light, a source of light sends out disturbance in 
all directions. Ina homogeneous medium, the disturbance reaches all those particles 
of the medium in phase, which are located at the same distance from the source of 
light and hence at any instant, all such particles must be vibrating in phase witheach > 
other. 

The locus of all the particles of the medium, which at any instant are vibrating in the 
same phase, is called the wavefront. 

Depending upon the shape of the source of light, wavefront can be of the 
following types : 

1. Spherical wavefront. A spherical wavefront is produced by a point source 
of light. It is because, the locus of all such points, which are equidistant from the 
point source, is a sphere [Fig. 4.01 (a)]. 


A ray of light is always n 
wavefront. es 


Fig. 4.01 (a) Fig. 4.01 (b) Fig. 4.01 (c) 
2. Cylindrical wavefront. When the source of light is linear in shape (such as 
a slit), a cylindrical wavefront is produced. It is because, all the points, which are 
equidistant from the linear source, lie on the surface of a cylinder [Fig. 4.01 (b) ]. 
3. Plane wavefront. A small part of a spherical or a cylindrical wavefront 
originating from a distant source will appear plane and hence it is called a plane 
wavefront Fig. 4.01 (c). 
Ray of light. An arrow drawn normal to the wavefront and pointing in the direction 
of propagation of disturbance represents a ray of light. A ray of light is the path along 
which light travels. In Fig. 4.01, thick arrows represent the rays of light. 
Figs. 4.02 (a), 4.02 (b) and 4.02 (c) represent the wavefronts of a parallel beam, 
a converging beam and a diverging beam respectively. The wavefront representing 
a parallel beam is a plane wavefront, while the wavefront representing a converging 
or a diverging beam of light is spherical in shape. 
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Fig. 4.02 (a) Fig. 4.02 (b) Fig. 4.02 (c) 
mae 4.02. HUYGENS’ PRINCIPLE 


Huygens’ principle is a geometrical construction, which is used to determine 
the new position of a wavefront at a later time from its given position at any instant. 
qa . 714 
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Huygens’ principle is based on the following assumptions : 

1. Each point on the given or primary wavefront acts as a source of secondary wavelets, 
sending out disturbance in all directions in a similar manner as the original source of light 
does. 

2. The new position of the wavefront at any instant (called secondary wavefront) is 
the envelope of the secondary wavelets at that instant. 

The above two assumptions are known as Huygens’ principle or Huygens’ 
construction. 

Explanation. Consider a point source of light. Let AB be a section of primary 
spherical wavefront at any time t. In order to find the new position of wavefront at 


time t + At, consider a number of points 4, DON: peepee on the primary wavefront 
[Fig. 4.03]. These points act as the sources of secondary wavelets. In time A t, light 
travels a distance c A t. Taking points a, b,c, i Mom eek as the centres, draw spheres* 


each of radius c A t. These spheres are called secondary wavelets originating from 
points on primary wavefront. Further, draw the envelope of the secondary wavelets. 
Parts A’B’ and A’’B”’ of the envelope are termed as forward secondary wavefront 
and backward secondary wavefront respectively. It may be pointed out that the 
effective part of the secondary wavelets is the portion which lies on the forward 
secondary wavefront. Huygens assumed that the portion of the secondary wavelets, 
which lies on the backward secondary wavefront, does not exist at all. However, 
many years later, Voigt and Kirchhoff mathematically proved that the contribution 
of a wavelet in any direction making angle 0 with the normal to the wavelet is 


1 
proportional to— (1 + cos 8). Obviously, for the portion of the wavelet, which lies 
just on the back of the secondary wave-front, @ is equal to 180° and likewise the 


factor a (1 + cos @) is equal to zero. Therefore, the forward secondary wavefront A’B’ 


is the new position of the wavefront at time t + At. 

The same procedure is adopted for finding the new position of a cylindrical 
or a plane wavefront. In Fig. 4.04,AB represents the primary plane wavefront, while 
A’B’ represents the new position of wavefront at a time A ¢ later. 


gums 4.03. LAWS OF REFLECTION ON WAVETHEORY 


Let XY be a reflecting surface and PA be a plane wavefront just incident on the 
surface. The normals LA and MP to the wavefront represent incident rays. If AN 
is normal to the reflecting surface at A, then 2 NAL = i is angle of incidence [Fig. 
4.05]. First of all, the plane wavefront** reaches point A on the reflecting surface. 
The wavefront will reach points between A and P’ later in time but in this order, so 
that it will reach point P’ in the last. When the disturbance from point P just reaches 
point P’ on the reflecting surface, the secondary wavelet from point A on the 
reflecting surface will grow into a sphere of radius say AA’, such that AA’ = PP’. 

To find the reflected wavefront (new position of wavefront after reflection 
from the surface XY) ; with point A as centre, draw a sphere of radius AA’ = PP’. 
From point P’, draw a plane P’A’ tangent to the sphere. Then, P’A’ represents 
reflected wavefront and normals A’L’ and P’M’ to the reflected wavefront 
P’A represent reflected rays. Draw P’N’ normal to the reflecting surface at point 
P’. Then, Z M’P’ N’ = ris the angle of reflection. 

To prove the laws of reflection : Consider any point Q on the incident wavefront. 
Suppose that when disturbance from point P on incident wavefront reaches point 
P’, the disturbance from point Q reaches Q’ via point K on the reflecting surface. 
Since P’A ‘represents the reflected wavefront, the time taken by light to travel from 
any point on incident wavefront to the corresponding pointt on the reflected 
wavefront should always be same. If c is velocity of light, then time taken by light 
to go from the point Q to Q’ is given by 


Pert) ROR (4.01) 


c c 


*A sphere is a three dimensional geometrical figure. On a piece of apper i.e. in a plane, 


spherical wavefronts can be represented by circles only. 
**To represent the plane wavefront, one will draw a straight line through the point A. 


+For points A, P and Q on incident wavefront PA, the points A’, P’ and Q’ respectively 


are the corresponding points on the reflected wavefront P’A’. 


Huygens’ principle is simply a geometrical 
construction to find the position of 
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The effective part of the second’ 
wavelets is the front portion of second»; 
‘wavefront. The countribution of wavelets 
on the back of the secondary wavefront is 
Zero. 
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\AQOK, 2 . 
OK = AK sin i 


Also, in right angled AKQ’P’, 2 A’P’A =r . 
igh KQ’ = KP’sin r 


In equation (4.01), substituting for OK and KQ’, we have 
_ AKsini in KP’ sin r 


t 
Cc Cc 
BY ;_ AK sini +(AP’— AK) sinr (: KP’ = AP’ — AK) 
Cc 
ee 7 AP sin r + AK (sini — sin 1) (4,02) 


c 
For rays from different points on the incident wavefront, the values of AK are 


different. The rays from different points on incident wavefront will take the same 
time to reach the corresponding points on the reflected wavefront, if t, given by 
equation (4.02), is independent of AK. So that the equation (4.02) is independent of 
AK, it follows that AK (sin i - sin r) should be zero i.e. 

AK (sini — sin r) = 0 or (sin i- sin r) = 0 or sini=sinr 

or i=r 

i.e. the angle of incidence is equal to the angle of reflection. 

Further, as the incident wavefront (PA), the reflecting surface (XY) and the 
reflected wavefront (P’A’) are all perpendicular to the plane of the paper, therefore, 
the incident ray (LA or MP’), normal (AN) and the reflected ray (AA’L’ or P’M’), which 
are respectively perpendicular to AP, XY and A’P’, all lie in the same plane. 

Hence, the laws of reflection are proved on the basis of the wave theory. 


ME 4 04. REFRACTION ONTHE BASIS OF WAVE THEORY 


Let XY be a plane surface separating air from a denser medium and PA be a 

.e wavefront just incident on it. The normals LA and MP to the incident 
wavefront represent incident rays. If AN is normal to the refracting surface at point 
A, then Z NAL = is the angle of incidence as shown in Fig. 4.06. 

First of all, the wavefront reaches point A. From the points located between 
pr nts A to P, the wavefront will reach points between A to P’ later in time but in 
ti same order, so that it will reach point P’ in the last. Thus, different points on 
the surface XY will become sources of secondary wavelets at different instants of 
time. When the disturbance from point P on incident wavefront just reaches the 
point P’on the surface XY, the secondary wavelet from point A on the surface will 
grow into a sphere (inside the denser medium) of radius say A A’, such that 


ecasdsnte or AA'=—+PP’, 
Cc 


VU (é 
where vand c are the velocities of light in denser medium and air respectively. 
To find the refracted wavefront (new position of the wave point after refraction) ; 


with point A as centre, draw a sphere of radius A A’ = 2’ yx P Pp’. From point P’, draw 
c 


a tangent plane P’A’to the sphere. Then, P’A’ represents refracted wavefront and 
lines A A’L’ and P’M’ normals to the refracted wavefront represent refracted rays. 
Also, ZN'A A’ = r is the angle of refraction. ; 

To prove the laws of refraction : Consider any point Q on the incident 
wavefront. Suppose that when disturbance from point P on incident wavefront 
reaches point P’ on the refracted wavefront, the disturbance from point Q reaches 
point Q’ via point K on the surface of separation of air and denser medium. Since 
P’A’ represents the refracted wavefront, the time taken by light to travel froma point 
on incident wavefront to the corresponding point on refracted wavefront should 
be constant. Now, time taken by light to go from Q to Q’ will be 


a (4.03) 
c v 

In right angled A AOK, Z QAK =i 

i OK = AK sin i 

Also, in right angled A P’Q’K, ZQ’P’K=r 

iS KO” KP*sin'# 


t 


ot 


|, DENSER 


MEDIUM 


AK sini Page 


Cc Vv 
AK sini fe 
or j AK sini (ABir AW) Sith v¢axes/AP’ AR) 


c 


or pa Be sine + AK ...(4.04) 

v € v 

For rays from different points on the incident wavefront, the values of AK are 
different. The rays from different points on incident wavefront will take the same 
time to reach the corresponding points on the refracted wavefront, if t, given by 
equation (4.04), is independent of AK. It will happen so, if 

sini sinr sini 

= 0 or > ae 
C v sinr Uv 


([ sin r 


c Lb tens ‘ : 
But — =p (constant) is called the refractive index of the denser medium w.r.t. 
v 
air. 
sini 
= p (constant) 


sin r 
ie. when a ray of light is incident on a refracting surface, the ratio of the sine of the angle 
of incidence to the sine of the angle of refraction is a constant for the given pair of media. 
Further, as explained in last section, it follows that the incident ray (LA or MP’), 
the normal (AN) and the refracted ray (AA‘L’ or P’M’) all lie in the same plane. 
Hence, the laws of refraction are proved on the basis of the wave theory. 


gums 4.05. BEHAVIOUR OF A LENS, PRISM AND CONCAVE MIRROR 


_ It is interesting and useful to investigate the behaviour of lenses, prisms and 
spherical mirrors, when a plane wavefront is incident on them. 

1. Behaviour of a prism. Consider a prism ABC of small angle and a plane 
wavefront PB incident on the prism [Fig. 4.07]. The lines LB and MP (normals to 
the incident wavefront PB) represent incident rays. It follows that the rays from 
different parts of the wavefront travel different thicknesses of the material of the 
prism. Light from point B travels totally inside the material of prism, while light 
from point P travels totally in the air. The refracted wave front will be the locus of 
all those points to which light from different points on incident wavefront reaches 
in phase. Suppose that the light from point B reaches the corresponding point say 
C on refracted wavefront by travelling along path BC = x (say) inside the material 


be same, 
x_Yy 


RE 

where cis velocity of light in air and v is velocity of light in the material of the prism. 
Since v is less than c, y is greater than x. Out of the total path y, light covers path PA 
in air before it gets incident at point A and the remaining path ( y — PA) i.e.AQ is 
covered after emerging from the prism. Hence, the emerging wavefront is of the 
shape CQ. The lines CL’ and QM’ (normal to the emergent wavefront CQ) represent 
emergent rays. It explains, why a ray of light passing through a prism is deviated 
towards the base of the prism. 

2. Behaviour of a lens. Consider a plane wavefront AB incident on a double 
convex lens. The rays of light from points A and B travel totally inside the air, while 
the ray of light from point O travels partly in air and partly inside the material of 
the lens. Again, the refracted wavefront will be the locus of all those points to which 
light from different points on incident wavefront reaches in phase. As explained in 
case of behaviour of prism, it can be argued that the refracted wavefront will be a 
converging wavefront A’P, B’ [Fig. 4.08], such that 


AX+XA'_ OP, Pi Pp BY + YB" 


Cc 
or y=—x, 
v 


c c v c 
Therefore, the wavefront after refraction through the lens is rendered into a 
converging wavefront as shown in the figure. 
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3. Behaviour of a spherical mirror. Consid 


AX + XA’ = OP + PO’ = BY + YB’ 


Since distance OP is greater than AX or BY, consequently distance PQ’ is less 
than XA’or YB’. Therefore, the incident plane wavefront will be rendered into a 
converging spherical wavefront after reflection from the concave mirror as shown 


in the figure. 


Q. 4.01. What is ether medium ? 

Ans. Ether is a hypothetical medium possessing very 
low density and very large value of volume elasticity and 
filling the whole space. 

Q. 4.02. What is a wavefront ? 

(H.S.S.C.E. 2001 ; PS.S.C.E. 1997 S) 
Or 

Define wavefront. 

(P.S.S.C.E. 2002 ; H.P.S.S.C.E. 1999 S ; H.S.S.C.E. 1995) 
Or 

What do you understand by a wavefront ? 

(I.S.C.E. 1997, 1996, 1993) 

Ans. Refer to section 4.01. 

Q. 4.03. What is a ray of light ? 

Or 


(PS..9.C.E..1998) 


Define a ray of light. (P.S.Si\C,E..1997) 
Ans. An arrow drawn normal to the wavefront and 
pointing in the direction of propagation of disturbance is 
called a ray of light. 
Q. 4.04. What is the shape of the wavefront diverging 
from a point of source ? (I.S.C.E. 1993) 
Ans Spherical. 
Q. 4.05. What is the shape of wavefront emitted bya 
light source in the form of a narrow slit ? 
(H.S.S.C.E. 2002) 
Ans. Cylindrical in shape. 
Q. 4.06. Name the shape of a wave front originating 
from (i) a point source (ii) a line source. 
(C.B.S.E. 2000 ; 1.S.C.E. 1996) 
Ans. (i) Spherical wave front (ii) Cylindrical wavefront. 
Q. 4.07. What is the geometrical shape of the wavefront 
in each of the following cases ? (a) Light diverging from a 
point source. (b) Light emerging out of a convex lens, when 


Q. 4.01. Why ether was called a hypothetical medium ? 
Ans. The two properties of ether i.e. very low value of 
density and very large value of volume elasticity are 
contradictory in nature. A medium having such properties 
could not be conceived, when wave theory was profounded. 
For this reason, ether is called a hypothetical medium. 

Q. 4.02. Why is the contribution of the wavelets lying 
on back of secondary wavefront zero ? 

Ans. According to Voigt and Kirchhoff, the contribution 
of a wavelet in any direction making an angle 6 with the 


normal to the wavelet is proportional to > (1+ cos 6). 


on a concave spherical mirror [Fig. 4.09]. Just as discussed above, the refracted 
wavefront will be a converging wavefront in nature, such that 
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a point source is placed at its focus. (c) The portion of the 
wavefront of light from a distant star intercepted by the 
earth. (Text Question) 

Ans. (a) Spherical in shape. (b) Plane wavefront. (c) It 
is also a plane wavefront. 

Q. 4.08. Sketch the wavefronts corresponding to 
converging rays. (C.B.S.E. 1998) 

Ans. Refer to Fig. 4.02 (b). 

Q. 4.09. What is the geometrical shape of the 
wavefront of the light diverging from a point source ? 

(C.B.S.E.1999 S) 


a 


Or 

Sketch the wavefronts corresponding to diverging 
rays. (C.B.S.E. 1998) 
Ans. Refer to Fig. 4.02 (c). 

Q. 4.10. How is a wavefront to the direction of 
corresponding rays ? 

Ans. The wavefront is perpendicular to the direction of 
rays. 

Q. 4.11. State Huygens’ principle. (PS.S.C.E. 1996 S) 

Ans. Refer to section 4.02. 

Q. 4.12. What is the phase difference between any two 
points on a wavefront ? (H.S.S.C.E. 1994) 

Ans. Zero. 

Q. 4.13. Can the phenomenon of rectilinear propa- 
gation, reflection and refraction be explained on the basis 
of wave nature of light ? 

Ans. Yes. 

Q. 4.14. What are the drawbacks of wave theory of 
light ? 

Ans. The wave theory of light is based on the existence 
of all prevading ether medium. However, Michelson and 
Morley’s experiment proved that the ether medium did not 
exist at all. It led to the failure of the wave theory of light. 
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With Answers/Hints 
For wavelet lying on the back of secondary wavefront, 
6 = 180° and like wise the factor 


1 1 1 
— (1+ cos 8) = = (1+ cos 180°) =— (1-1) =0 
5 | cos 0) hs S Fas ) 


Q. 4.03. What is the shape of wavefront orginating from 
(i) a point source and (ii) a line source ? . 
US,GCE, 1998.5; CBSE, 1998) 
Ans. (i) The wave front originating from a point source 
is sphericalin shape. It is because, the locus of all such points, 
which are equidistant from the point source, is a sphere. 
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cylindrical in shape. It is because, all the points, which are 
equidistant from the linear source, lie on the surface of a 
cylinder. 

Q. 4.04. What is meant by a wavefront ? What is the 
‘shape of the wavefront of a beam of parallel rays ? 

{L.S.C.E. 1998 S) 

Ans. The locus of all the particles of the medium, which 
at any instant are vibrating in the same phase, is called the 
wavefront. 

Corresponding to a beam of parallel rays of light, the 
wavefront is plane in shape. 

Q. 4.05. What is the geometrical shape of wavefront of 
light emerging out of a convex lens ; when a point source 
is placed at its focus ? (C.B.S.E. 1999 S) 


ee 4.01. Is the speed of light in glass independent of 
the colour of light ? If not, which of the two colours (red 
and violet) travels slower in a glass prism ? 

Ans. No, speed of light'is not independent of the colour 
(wavelength) of the light. The violet colour travels slower 
than the red light in a glass prism. 

@°: 4.02. When monochromatic light is incident on a 

surface separating two media, the reflected and 
refracted light both have the same frequency as the incident 
frequency. Explain, why. (Text Question) 

Ans. Reflection and refraction (scattering in general ) are 
the results of interaction of incident light with the atoms, 
which may be viewed as oscillators. When incident light falls 
on the atoms, the forced oscillations of the frequency of 
incident light are produced. Since, the frequency of light 
emitted by a charged oscillator is equal to its own frequency 
of oscillation, the frequency of reflected or refracted light is 
same as that of incident light. 

Q. 4.03. When light travels from a rarer to a denser 
medium, it loses some speed. Does the reduction in 
speed imply a reduction in the energy carried by the light 
waves ? (Text Question) 


1. What is wavefront and Huygens’ principle ? Explain. 
2. What are the two assumptions on which Huygens’ 
principle is based ? Explain Huygens’ geometrical cons- 


truction for wavefronts. (H.PS.S.C.E. 1996) 
3. (a) State the postulates of Huygens’ wave theory. 
(b) Draw the type of wavefront that corresponds to a beam 
of light (i) coming from a very far-off source and (ii) diver- 
ging from a point source. (C.B.S.E. 2001) 
4. Verify law of reflection using Huygens’ wave theory. 
(C.B.S.E. 1998, 1992) 
5. Describe the phenomenon of refraction from Huygens’ 
wave theory. (H.S.S.C.E. 2000) 
6. Using Huygens’ principle and drawing the sketches of 
wavefronts, show how a parallel beam of light is reflected 
from a polished surface and hence verify that Zi = Zr. 
(C.B.S.E. 1999 S) 
7. Deduce the laws of reflection on the basis of Huygens’ 
principle. 
(H.PS.S.C.E. 2002 ; P.S.S.C.E. 2001 ; C.B.S.E. 1992) 
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SHORT ANSWER QUESTIONS 


beam. The rays of light are always perpendicular to the 
wavefront. Therefore, the light emerging out of the convex 
lens will be in the form of a plane wavefront. 

Q. 4.06. Explain, how a plane wavefront gets reflected 
from a concave mirror. 


Ans. Refer to section 4.05. 

Q. 4.07. A plane wavefront is incident on a prism. 
Draw the shape of the refracted wavefront. 

Ans. Refer to section 4.05 and Fig. 4.06. 

Q. 4.08. Discuss the refraction of a plane wavefront 
from a convex lens. 

Ans. Refer to section 4.05. 


| i) Gg OR 
0 0 eet 


oa eh, hs iS AF ated 
a Oe eB AVS 4 


mo 


ambiti 
Ans. No, decrease in speed of light does not imply 
reduction in the energy carried by the light wave. Itis because, 
energy carried by a wave does not depend upon its speed of 
propagation. Instead, it depends upon its amplitude. 
°° 4.04. In what respects is Huygens’ wave theory of 
light similar to Maxwell’s electromagnetic theory ? In 
what respect are the two theories different ? 

Ans. The two theories are similar in the respect that 
according to both the theories, light is a wave motion. On the 
other hand, the two theories are different in the respect that 
whereas according to electromagnetic theory, light does not 
require any medium for its propagation; a material medium 
is necessary for the propagation of light waves according to 
wave theory. For this, Huygens assumed the existence of all 
prevading ether medium. 

Q. 4.05. In the wave picture of light, intensity of light 

is determined by the square of amplitude of wave. 
What determines the intensity of light in the photon picture 
of light ? (Text Question) 

Ans. In the wave picture of light, intensity of light at a 
point is determined by the number of photons incident per 
unit area around that point. 
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. Carrying 3 Marks ~ 


8. Using Huygens’ wave theory, prove that for reflection of 
light, angle of incidence and angle of reflection are equal. 
(C.B.S.E. 1995) 
9. Verify Snell’s law of refraction using Huygens’ wave 
theory. (H.S.S.C.E. 1999 S ; CB.S.E. 1999, 1998) 
40. Deduce Snell’s law of refraction using Huygens’ wave 
theory. (C.B.S.E. 2002) 
11. Derive Snell’s law of refraction using Huygens’ principle. 
(P.S.S.C.E. 1996) 
12. Using Huygens’ wave theory, derive Snell’s law. 
(C.B.S.E. 1993) 
13. Using Huygens’ principle and drawing the sketches of 
wavefronts, show how a parallel beam of light is refracted 
from the surface of separation of a rarer medium to a 
denser medium. Verify Snell’s law. (C.B.S.E. 1999 S) 
14. Deduce the laws of refraction on the basis of Huygens’ 
principle. (C.B.S.E. 1992) 
15. Explain the action of a prism, a convex lens and.a concave 
mirror, when a plane wavefront is incident on it. 


State Huygens’ principle and use it to describe the process 
of reflection of a parallel beam of light incident ona plane 
mirror obliquely with the help of a labelled diagram. Prove 
that the angle of incidence is equal to the angle of reflection. 
(I.S.C.E. 1998) 
What is a wavefront ? What is the shape of the wavefront 
diverging from a point source ? State Huygens’ principle 
and apply it to show that, for a parallel beam incident on 
a reflecting surface, the angle of incidence is equal to the 
angle of reflection. (Lo.C.E. 1993) 
State Huygens’ principle. Using this principle, illustrate 
how a parallel beam of light is reflected from a plane 
mirror. Prove the law of reflection. (I.S.C.E. 1994) 
State Huygens’ principle for the propagation of light and 
prove the laws of refraction of light on its basis. 
(P.S.S.C.E. 2001) 


5. State Huygens’ principle and derive the laws of refractic 


on its basis. 
(P.S.S.C.E. 2002 ; 2000, 1999, 1997 ; H.P.S.S.C.E. 197. 


6. State Huygens’ principle and wavefront. Define refractis 


index of a medium on the basis of wave theory. 
G1S:S.GE,199: 
State Huygens’ principle. Use it to derive Snell’s law « 
refraction for a parallel beam incident on the plane surfac 
of a refracting medium. (L.S.C.E. 199€ 
Huygens’ principle is the basis-of wave theory of ligh 
What are the two, assumptions it is based on ? Deduce th 
laws of refraction of light using Huygens’ principle. 
(Pre-degree Kerala, 1992 


em 5.01.INTERFERENCE OF LIGHT 


When a source of light emits energy, the distribution of energy is uniform in 
the medium. But when two sources of light lie close to each other and emit light of 
same wavelength and preferably of same amplitude, then due to superposition of waves 
from the two sources, the distribution of light energy no longer remains uniform. 

The phenomenon of non-uniform distribution of energy in the medium due to 
superposition of two light waves is called interference of light. 

Atsome points in the medium, the intensity of light is maximum (constructive 
interference); while at some other points, the intensity is minimum (destructive 
interference). In case the two waves are of the same amplitude, then at points of 
destructive interference, the intensity of the light is zero ie. complete darkness 
results. Usually, on the interference of the light waves, we obtain alternate bright 
and dark bands of light called interference fringes. 

It may be clearly understood that in interference of light, energy is neither 
created nor destroyed. The energy that disappears at the points of destructive 
interference appears at the points of constructive interference and vice-versa. Thus, 
in interference of light, merely redistribution of light energy takes place. 
gums 5-02. YOUNG’S DOUBLE SLIT EXPERIMENT 


In 1801, Thomas Young demonstrated the interference of light experimentally. 
His experiment gave a deadly blow to the corpuscular theory of light as the 
experiment led to the conclusion that light has wave nature. 

Asource of monochromatic light illuminates a rectangular narrow slitS, which 
acts as the line source for illuminating two narrow slits 5, and S,. The two slits lie 
very close to each other and at equal distances from the source S [Fig. 5.01]. The 
wave-fronts from the slits S, and S, spread out in all directions and in the region 
they superpose on the screen, alternate bright and dark fringes are observed. At the 
centre O of screen, the intensity of lightis maximum and itis calledcentral maximum. 

Explanation. According to Huygens’ principle, the two slits 5, and S, send out 
waves of equal wavelengths and of same amplitude in all directions. As the paths 
S,O and S,O are equal, the light waves from the two slits S; and S, reach point O 
in phase i.e. either crest of one wave falls on the crest of the other wave or trough of 
one falls on the trough of the other. Hence, intensity of light at point O becomes 
maximum. It is called central maximum. 

As we move above the centre O of the screen (or below the point O), we come 


across points D,, By, Dp, By, «+++ (the points Do, By, -.-..-.-: are not shown in the 
figure). 
At points D,, Dy, -...-.--. , the crest of one wave falls on the trough of the other 


and vice-versa. The resultant amplitude and hence the resultant intensity of light 
becomes minimum at these points due to destructive interference of light. These 
points correspond to positions of dark fringes on the screen. 

At points B,, B,, the crest of one wave falls on the crest of the other or trough 
of one on the trough of the other. Due to this, the resultant amplitude and hence 
resultant intensity of light at these points becomes maximum due to constructive 
interference of light. These points correspond to the position of bright fringes on the 
screen. 

Further, in Young’s double slit experiments, the following facts can also be 
- verified : 

1. The interference pattern disappears, if one of the two slits is closed. It shows that 
interference pattern is due to superposition of waves from the two slits. 
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Due to interference of two light waves, 
redistribution of energy takes place in the 
medium. ee 
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with a source, two independent sources are used. It shows that for producing a sustained 
interference pattern, two sources should be obtained from a single source. Such 
sources are called coherent sources. : 


MS 03. SUSTAINED INTERFERENCE 

The interference pattern, in which the positions of maximum and minimum of intensity 
of light remain fixed all along on the screen, is called sustained or permanent interference 
pattern. 

For producing sustained interference, following conditions should be 
satisfied : 

Conditions for sustained interference. 1. The two sources should emit the light 
waves continuously. 

2. The light waves should be of same wavelength. 

3. The light waves emitted should preferably be of the same amplitude. If the 
amplitudes of the waves are equal, the dark fringes are completely dark (zero 
intensity of light). 

4. The waves emitted by the two sources of light should either be in phase or should 
have a constant phase difference. 

5. The two sources of light must lie very close to each other. If it is not so, then the 
path difference between the light waves reaching a particular point will be very 
large. As we shall see, in such a case, maxima and minima will lie very close to 
each other and may result in overlapping. 

6. The two light sources should be very narrow. Abroad source of lightis equivalent 
to a large number of narrow sources lying together. Each set of two sources will, 
therefore, give its own interference pattern and their overlapping will result in 
general illumination. 


‘ M5 04. COHERENT SOURCES 


In practice, a sustained interference pattern cannot be obtained by using two 
independent sources of light. It is because of the following reasons : 

1. Two independent sources of light cannot emit waves continuously. 

2. The waves emitted by two independent sources of light do not have same phase or 
a constant phase difference. It is because light is emitted by each excited atom of the 
source, which are billions in number. An excited atom emits light in a time of the 
order of 10-° second. Therefore, if we have two independent sources, then the 
waves from two points in two sources will have a definite phase relationship only 
for 10-8 second and accordingly interference pattern formed by them will last on 
the screen only for this much time. The next bursts of waves coming from the two 
points in the two sources may be having an altogether different phase relationship 
and consequently the interference pattern may get shifted to some other place on 
the screen. These changes in positions of maxima and minima of intensity of light 
will occur about 10° times in one second. As the changes are too fast to be followed 


by the human eye, we shall not observe any interference pattern and there will be 


general illumination over the screen. 

In order to obtain sustained interference pattern, the phase difference between 
the light waves arriving at a point on the screen from the two sources must remain 
constant with time. This can be made possible only if the two sources are derived 
from a single source. Such sources are called coherent sources. A change in phase, 
if any, will affect the two sources equally. Moreover, light waves from the two 
coherent sources are of same wavelength and amplitude. 

Therefore, two sources are said to be coherent, if they emit light waves of same 
frequency or wavelength and of a stable phase difference. 

When we make use of two coherent sources, the first four conditions for 
producing sustained interference pattern automatically get satisfied. In practice, two 
coherent sources may be two images of a source (both real or both virtual) or a source 
and its image. In case of a Lloyd’s mirror, a source and its image act as the two 
coherent sources, while in case of a Fresnel’s biprism, two virtual images of a source 
act as the two coherent sources. 


ME 5.05. PRINCIPLE OF SUPERPOSITION OF LIGHTWAVES 


It states that when two or more wave trains of light travelling in a medium superpose 
upon each other, then the resultant displacement at any instant is equal to the vector sum 


maximum and minimum intensity do n t rema fixed, if instead of two slits illuminated 


The sustained i serv 
only, when tw ir 
‘are used. 
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e displacements due to individual waves. If Y1,Y2, 3, be the displacements 
1e to different waves, then resultant displacement of the particle is given by 


i i 
Y=Y, + Yot+ 3 t......-- 

If crest of one wave falls on the trough of the other, the resultant amplitude will 
2crease. However, when crests or troughs of one wave superpose the crests or 
oughs respectively of the other wave, the resultant amplitude increases. The 
terference of light waves can be easily explained on the basis of the principle of 
iperposition of waves. 


m5.06. CONDITIONS FOR CONSTRUCTIVE AND DESTRUCTIVE 
INTERFERENCE 

A source of monochromatic light S illuminates two narrow slits S; and S,. The 
vo illuminated slits act as the two coherent sources. Further, the two slits lie very — 
ose to each other and at equal distance from the source S [Fig. 5.02]. The — 
avefronts from S, and S, spread out in all directions and in the region they 
yperpose on the screen, alternate bright and dark fringes are observed. At the centre 
of the screen, the intensity of light is maximum and it is called central maximum. 

Condition for maximum and minimum. Let the displacements of the waves _ 
om the sources S, and S, at point P on the screen at any time f be given by 

Y; = 4, sin ot 

and y,= 4), sin (wt + 9), 

where ¢ is the constant phase difference between the two waves. By the 
iperposition principle, the resultant displacement at point P is given by 


Ma i ML 
=a, sin wt + a, sin (wt + p) = 4, sin wt + a, sin wt cos p + ay cos wt sing 
or y = (a, + ay cos g) sin wt + ay sin cos wt ...(5.01) 
Let a, + a, cos @ = Acos 0 ...(5.02) 
and a, sin @ = Asin 0 ...(5.03) 


Then, equation (5.01) becomes 
y = Acos @ sin wt + Asin @ cos wt 

or 7 y = Asin (of + 6) 

Hence, resultant displacement at point P is simple harmonic wave having 
mplitude A and phase difference @ with the harmonic wave from the source 5). 
1 order to know the amplitude of the resultant simple harmonic wave, we proceed 
s below : 

Squaring and adding both sides of the equations (5.02) and (5.03), we obtain 

A? cos 2 6 + A? sin’ 0 = (a, + 4, cos p+ fe sin? p 

or A2 = a,2 + ap? (cos* @ + sin® p) + 2 a, ay cos p 

or A? =a,? + a,* + 2a, a, cos p 

The intensity of light is directly proportional to the square of amplitude of the 
rave. For the sake of simplicity, we assume that intensity of light is equal to the 
quare of the amplitude. Therefore, intensity of light at point P on the screen is given 
y 

I=a,2+a,? +24, 4, cos¢ ...(5.04) 

Constructive interference. From equation (5.04), it follows that the intensity 

f light at point P will be maximum, if 
cos g=+1 or Pe O, 2H, Ay tiscncsee 

or oQ=2nn, WwWhereg =, 1, 2, ...-.-1. ...(5.05) 

It is the condition for constructive interference between the two light waves 
n terms of phase difference between the waves. The two light waves from sources 
, and S, reach point P after covering unequal paths i.e. the two waves possess path 
ifference. The above condition for constructive interference can also be expressed 
n terms of path difference between the two waves. 

In a harmonic wave, the time in which the phase of the vibrating particle 
hanges by 2 7, the wave travels a distance equal to wavelength A. In other words, 
path difference equal to wavelength A is equivalent to a phase difference of 22. 
therefore, if the two waves from the sources S, and S, reaching point P havea path 
lifference x, then phase difference between the two waves will be 


? = cis x ...(5.06) 


(5.05) becomes 


or L=in A where j= Om 2b ote 36107) 

It is the condition for constructive interference between two light waves in terms 
of path difference between them. From equations (5.05) and (5.07), it follows that 
the point P will be the seat of maximum intensity of light (bright fringe), if between the two 
light waves reaching point P, the phase difference is an even integral multiple of a or the 
path difference is an integral multiple of 2. 

Destructive interference. From equation (5.04), it follows that the intensity of 
light at point P will be minimum, if 

cos.@ ==) Or OG =F, 3,10, 5 Ry eines 
or g = (2n + 1) x, where n = 0,1, 2, «....0-.- ..-(5.08) 
Also, from equations (5.06) and (5.08), we have 


20 
—— ie (2 +L 
ne (2n+1)2 


A 
or x= (27 +1) p Where 1,001 ...(5.09) 


The equations (5.08) and (5.09) are the conditions for destructive interference 
in terms of phase difference and path difference respectively. From these conditions, 
it follows that the point P will be seat of minimum intensity of light, if between the two 
light waves reaching point P, the phase difference is an odd integral multiple of z or the path 


difference is an odd integral multiple of A : 


A few important results. The expressions for intensity of light in the following 
cases are found to be of immense use in the study of the phenomenon of interference 
of light : 

1. Ratio of intensity of light at maxima and minima. From equation (5.04), it 
follows that 

Tax = 44° + Go? + 2a, a,x 1=(a,+a,P 


and Tain = 4° + 497 + 2a, a, x (-1) =(@, -4,)? 


Lee wt (a, ust” 

min (ay —Aag 2 

2. Ratio of intensity of light due to two sources. The intensity of light due toa 

slit (source of light) is directly proportional to the width of the slit. Therefore, if w, 

and w, are widths of the two slits S; and S, ; and I, and I, are intensities of light 

due to the respective slits on the screen, then 
wy _ th 


Therefore, ...(5.10) 


es 6.11) 


Since intensity of light is directly proportional to the square of the amplitude 
of the light wave, 


Ty _ ay° 
I, aye 91.(5.12) 
From equations (5.11) and (5.12), we have 
2, 
tah dealt 
W> ay? A (SI), 


mg 5.07. THEORY OF INTERFERENCE FRINGES 

Consider that two coherent sources of light S, and S, are placed at a distance 
d apart and a screen is placed at a distance D from the plane of the two sources. Let 
P be a point on the screen at a distance y from the centre of the screen [Fig. 5.03]. If 
x is path difference between the light waves reaching point P from the sources S, 
and S,, then 

x =S,P-S,P 
In right angled AS, BP, we have 


2» 
S.P? =S,B? + BP? =D*+ (y + - 


Pp 


i 
y 
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SCREEN 


SP? =5)A?+ D?+(y—5] 


st sre (105) | [2-5 


d\" YN 
or (SP +S4P) (S2P — SP) -(y+5] -[y-5) 


~ Since S)P -S, P =x (the path difference between the two light waves), the above 
equation becomes 
Ee eee -2yd vor x=—2 Ys 
2 SP +S,P 
In practice, point P lies very close to O. Therefore, S,P ~ S,; P =D. 
sai ah ake 


Hence, = 
D+D 2D 
d 
or Mega ds (5.14) 
D 


Position of maximum and minimum on the screen. From equations (5.07) and 
(5.14), it follows that point P will be centre of a bright fringe, if 


La 
D 
nDA 
~ or y= 7 r ‘where = 0, 1, 2, -<ties 53415) 
Suppose that the values of y HOD (=O), le Ze Oyun, ots 1 ATE Yor Yyr Yor oveeerees ys 
respectively. Then, the values of Yq, Y4, Yor +++. y,, can be obtained by putting 
0, 1 ecase:: nin equation (5.15). 
Forn=0: y=9, the distance of central bright fringe from point O 
Da 
Forn=1: y,= aoe the distance of first bright fringe from point O 
2DA sabe ivi: 
Forn=2: Y= , _ the distance of second bright fringe from point O 
nDA ‘ : 
Forn=n:  Yn= , the distance of nth bright fringe from point O 


From the equations (5.09) and (5.14), it follows that point P will be centre ofa 
dark fringe, if 


hea elng ee 
D 2 


(2n+1)DA 
or Y= mn" OF halal where n = 0, 1, 2, ..(5.16) 
Suppose that the values of y for n = 0, 1, 2, .......... N ATC Yo Yq 1 Yor -neneene y,\ 
respectively. Then, the values of Yq’ ¥y// Yo's ++ y,, can be obtained by putting 
Be OO n in equation (5.16). 
For n =0 Y) = ae ’ the distance of first dark fringe from point O. 
a bya . | » 
Forn=1: y= Bet the distance of second dark fringe from point O. 
, SDA 
Forn=2: ¥2>“5q’ the distance of third dark fringe from point O. 
oe ade 4 , the distance of (n + 1)th dark fringe from point O. 


Forn=n: Y, = od 


to the width of a dark — Theeiore width of | the care fringe, 
nDA (n-1)DA DA 
Up Yael 7 ate “i.(5,17) 
The spacing between the two consecutive dark fringes is equal to the width 
of a bright fringe. Therefore, width of the bright fringe 
(2n+1)DA_ [@n-1)+1]DA_DA 
dir 2d fad 


From equations (5.17) and (5.18), it follows that in Young’s double slit 
experiment, the bright and dark fringes are of the same width. The fringe width is 
denoted by f. Therefore, 

D “A 


p= AD AD) 


The width of central bright eet is equal to the distance between the first dark 
fringes formed on the two sides of the centre of the screen. Therefore, the width of 
the central bright fringe, 


..(5.18) 


Da 
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In case, the two sources emit light of same amplitude a, then the “Noe fringe 
will be of intensity 


Lo et ay ate 
On the other hand, ig dark fringes will be of intensity 
=(a-a)? =0 


Lam 


Therefore, all the interference fringes will be of equal widths, such that the dark 
fringes will be totally dark and the bright fringes will be of constant intensity (4 a) 
as shown in Fig. 5.04. The bright fringes are formed at points B,, By, .......... , while 
the dark fringes are formed at the points D,, D),.......... on both the sides of the central 
bright fringe formed at the centre of the screen. 

Discussion. 1. As expression for f is independent of n, all the fringes are of 
same width. 

2. As f is directly proportional to A, the fringes produced by light of shorter 
wavelength will be narrower as compared to those produced by light of longer 
wavelength. 

3. For appreciable fringe width, D should be large and d small. 

4. The positions of nth bright and (n + 1)th dark fringes are respectively given 
by 

nDA 
Yn = d and Y¥,'= 


2d 
The bright and dark fringes will be distinct, ify,, andy,’ are largei.e. dis small. 
For this reason, the two slits should lie very close to each other. 
5. As all the dark and bright fringes are of the same width, the angular width 
of a fringe is given by 


(2n+1) DA 


or 0= 
6. On immersing the apparatus in a liquid (say water), the wavelength of light 


decreases G = fe . From equation (5.19), it follows that when the apparatus is 


immersed in a liquid, the fringe width will decrease. 
Ml 5.08. INTERFERENCE DUETOTHIN FILMS (Qualitative Only) 

A thin film of a liquid (soap film or a film of oil spread over water surface) 
appears bright or dark, when viewed in a monochromatic light. 

This effect can be explained in terms of interference phenomenon. 

Consider a thin transparent film of thickness t and refractive index yp. A 
monochromatic ray of light AB incident at angle i on the upper surface X,Y, of the 
film, is partly reflected along BC and partly refracted into the material of the film 


In the interference pattern produced by 


two narrow slits, the fringe width 
increases _ 

(@ on using light of smaller wavelenete 
(ii) on increasing distance between siits _ 
and the screen, 

(iii) on decreasing distance between the 
two slits and | 

(iv) on replacing the medium between the 
slits and the screen by a medium of higher 
refractive index. 


Key point 


In the interference pattern produced by 
two narrow slits, the width of all the fringes’ 
(bright, dark and central) issame. 


=>, SECOND BRIGHT 
7 FRINGE 


>» FIRST BRIGHT 
FRINGE 


. CENTRAL BRIGHT 
" INTENSITY (1) —> 


<— DISTANCE (y)—> 


FRINGE 


"7p SECOND BRIGHT 
> FRINGE 


Key point 


In the interference pattern produced by 
two narrow slits, the intensity of all the 
bright fringes is same. 
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aint ; angle of refra 
partly reflected along DF and partly transmitted out of th 


the incident ray AB. The ray of light will suffer reflections and refractions at points 


EH, etc. in a similar manner. When viewed from the same side, the film appears — 
dark or bright due to the interference of the reflected rays BC and FG. The rays BC © 
and FG are said to interfere in reflected system. On the other hand, the film appears _ 
dark or bright due to interference of the transmitted rays DE and HI. The rays DE 4 


and HI are said to interefere in transmitted system. 


Condition for film to appear bright or dark. The geometrical path difference _ 


between the rays BC and FG is given by 
it x = nw (BC + DF) - BL 
From simple geometry, it can be proved that 
a1. .t COST tut) 


Reflected system. Due to reflection of the ray of light BC at the surface of denser _ 
, medium (thin liquid film), an additional phase difference of 2 or a path difference — 


wee 
of — is introduced. As a result, the film will appear dark, when path difference x is 


an integral multiple of A i.e. when 
2utcosr=nd, Where Lato, vcscresee = (5:22) 


A 
In case film is of negligible thickness i.e., t << A, then net path will be just > 


(the path difference introduced due to reflection from denser medium) and hence 
film will appear dark. 
The film will appear bright, when 


A 
2utcosr=(2n+1) 5 wheretti=i0, 1, 2; tess O53) 


Transmitted system. When the film is viewed from the other side i.e. in 
transmitted system, there is no additional path difference between the two rays DE 
and HL. It is because, both the rays come after reflection at rarer medium at points 
D and F. 

’ Therefore, the film will appear bright, when 
2utcosr=nA, wherever 1, 23, cctts-ers (5.24) 
and the film will appear dark, when 


Ar 
2utcosr=(2n+1) lon where f=0, 17 2,...4¢%..- o(5-29) 


In case film is of negligible thickness, then there will be no path difference and 
hence the film will appear bright. 


gamm5.09. COLOURS INTHIN FILMS 

As discussed in last section ; in monochromatic light, a thin film may appear 
bright and dark depending upon the path difference between the rays of light coming 
after reflection from upper and lower surfaces of the film. However, in white light, 
a soap film or a thin film of oil spread over water surface appears to be coloured as 
explained below : 

The path difference 2 » t cosr between the rays of light coming after reflection 
from the upper and bottom surfaces of a film depends upon #, t, A and r. 

When a particular part of film is looked from a particular position of the eye, 
the parameters t and r get fixed. Since depends upon/, the light of only a particular 
wavelength will satisfy the condition for the film to appear bright. 

Hence, only a few wavelengths will be observed with maximum intensity, a 
few others having values in the neighbourhood will appear with lesser intensity and 
some others which satisfy the condition for film to appear dark will be missing. 

Thus, the particular portion of the film appears of a particular colour, when 
seen from a particular position of the eye, when instead of monochromatic light, 
white light is incident on it. 


e medium along DE. As — 
the two surfaces of the film are parallel, the transmitted ray DE will be parallel to | 
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Thin soap or oil films appear coloured due 
to the phenomenon of interference, when 
light falls on such films. 


oh a 2 CE 


Consider that the two sources of light are emitting light waves of amplitude iil 
4, and a, respectively. If there is no interference between the light waves from the 


two sources, then the intensity of light at any point on the screen will be 


a le 2 
or l=a, + Ay 


tid i 33] 


In case the light from two sources intereferes, then maxima and minima will 
be formed. The intensities of light at maxima and minima are given by 


aries ra (a, + ay)? and Le - (a, ta ay)? 


Therefore, average intensity of light on the screen due to interference is given 


by 
2 2 
1. = Lmax+Tmin _ (41 + 42)° + (a, ~ a9) 
av 2 0) 
or Lo= Pr + a? 


The phenomenon of interference does not 
violate the law of conservation of energy. 


(5.27) The light energy, which disapears at the 


iti f minima a s at the 
From equations (5.26) and (5.27), it follows that when the interference takes , PO (07S Of Munima appear eee 


; ‘ : : “aider sitions of maxima. 
place, the light energy which disappears at the regions of destructive interference P2 
appears at the regions of constructive interference so that the average intensity of 


See 


light remains the same. In other words, in the phenomenon of interference, neither 


energy is created at the regions of constructive interference 


nor it is destroyed at 


the regions of destructive interference. Hence, the law of conservation of energy is 


being obeyed in the phenomenon of interference of light. 


Type A.On Intensities of maxima and minima 
Problem 5.01. If the two slits in Young’s experiment 
have widths in the ratio 4: 9, then find the ratio of intensity 
at the maximum to the intensity at the minimum in the 
interference pattern. (H.P.S.S.C.E. 2002) 
Sol. The intensity of light due to a slit is directly 
proportional to the width of the slit. Therefore, 


him 
I, Wo 
Wy 4 
Since —~ = —,we have 
W9 9 
i _4 i) 
Inyg9 ; 


If a, and ay are amplitudes of the waves from the two 
slits, then 


2 
Is fis (ii) 
I, ay ’ 
From equations (i) and (ii), we have 
: ay 1:2 
oe he or. S=— or a>=1-5 4, 
ag 9 ag 3 
a] 2 
I a,+4a a,+1-5a Pe 
Now, a a a ee 


Lnin (ay ~ ay)? (a; —-1-5a, i 1 

Type B. OnYoung’s double slit experiment 
Problem 5.02. In a Young's double slit experiment, the 
fringe width obtained is 0-6 cm, when light of wavelength 
4800 A is used. If the distance between the screen and the 
slit is reduced to half, what should be the wavelength of 
light used to obtain fringes 0-0045 m wide ? 
rey ACPSIS IC. E997) 
Sol. Here, A= 4800 A = 4800 x 10-1 m; 
B=0-6cm=0-6 x 107m 


D 
Now, Peat 


d 4 4800x10~1° 
D B 0:6x10~2 

When the distance between the screen and the slits is 
reduced to half of its initial value : 


or =8x10> ireanshd) 


Here, B' = 0-0045 m ; b=2 and d’=d 
Let A’ be the wavelength of the light source. 


ROVE an 
Then, ue 
“or ar= p= - 0.00452. = 0-0002 Gi) 
D’ oe La. D 


From equations (i) and (ii), we have 
A’ = 0-009 x 8 x 10 = 7-2 x 10-7 m= 7200 A 

Problem 5.03. In a Young’s double slit experiment, the 
slits are 1-5 mm apart. When the slits are illuminated bya 
monochromatic source and the screen is kept 1 m apart from 
the slits, width of 10 fringes is measured as 3-93 mm. 
Calculate the wavelength of light used. What will be the 
width of 10 fringes, when the distance berween the slits and 
the screen is increased by 0-5 m? The source of light used 
remains the same. (Karnataka, 1995) 

Sol. Here, d= 15mm ='1-5 x 1089 m;D=1m; 

and width of 10 fringes = 3-93 mm 

Therefore, fringe width, 


B="* -0.393mm=0-393% 10" ae 


15x 1073 
Now, d= BE =0:398%1079 x *OX10™ 
= 5-895 x 10-7 m 
When the distance between the screen and the slits is 
changed : : 


Here, D’=1+0-5=15m;A=5-895 x 10-7 m; 
d=1:5x 10m; 


wie a = 10 Kee BO 
d 1-5x10° 
= 5-895 x 10° m 
Problem 5.04. Two slits in Young’s experiment are 
0-02 cm apart. The interference fringes for light of 
wavelength 6000 A are formed on a screen 80 cm away. 
Calculate the distance of the fifth bright fringe. 


Sol. Here, d=0-02 cm; D=80cm; 


“aes ~ 2= 6000 x 10% cm =6 x 10° cm; 
os : PeResiye . 
: ; nDa 
For nthe bright fringe, Y¥, = Fi 
For fifth maximum, n= 
5x80x6x10° 
Y5 2 lt SS bie ii 
0-02 


Problem 5.05. In a Young’s double slit experiment, the 
slits are 0-03 cm apart and the screen is placed 1-5 m away. 
The distance between the central bright fringe and the 
fourth bright fringe is measured to be 1 cm. Determine the 
wavelength of light used. (H.S.S.C.E. 2002 ; 

C.B.S.E. 1995, 1993 ; PS.S.C.E. 1993 ; Roorkee, 1986) 

Sol. Here, d = 0-03 cm = 3 x ju4+m;D=1-5m; 

Now, distance of fourth bright fringe, 

y,=1cm=10" 2m 


4DA 
But Y4= 7 
oi 4 
or gferdla Xd — 10. ye SRL ORME eK Toy 
4D 4x1-5 


Note. Alternatively, one may proceed as below : 
Distance between central and fourth bright fringe 
’ = width of four dark fringes = 4 B 
Problem 5.06. Two slits 0-125 mm apart are illuminated 
by light of wavelength 4500 A. The screen is one metre away 
from the plane of the slits. Find the separation between the 
second bright fringes on both sides of the central maximum. 
(P.S.S.C.E. 1996 S) 
Sol. Here, d = 0-125 mm = 0-125 x 10° m; 
4 =4500 A = 4500 x 10-1? m;D=1m 
The distance of nth bright fringe from the central 


maximum, Yn, ="— A 


Therefore, distance of 2nd bright fringe from the central 
maximum, 


= 2x ——_—_ 
Some Deda aes 
Hence, separation between the second bright fringes 
formed on the both sides of the central maximum, 
2 yy = 2% 72x 103 = 14-4 x 10° m= 144m 
Note. Alternatively, one may proceed as below : 
Separation between the second bright fringes on both 
sides of the central maximum 
= width of four dark fringes = 4 B 
Problem 5.07. In a Young’s double slit experiment, the 
fringes are formed at a distance of 1 m from double slit of 
separation 0-12 mm. Calculate the distance of 3rd dark band 
from the centre of the screen. Given, A = 6000 A. 
Sol. Here, d = 0-12 mm = 0-012 cm; D=1m= 100 cm; 
2 = 6000 A = 6000 x 108 cm | 


x 4500 X 10729 m=7-2*x10 m 


- For third dark fringe, =2 
100 -8 
Yo’ =(2X 241) x ——— x 6000 10" =1. 
Yous ee er 1.25 cm 


Problem 5.08. In a Young’s double slit experiment, the 
slits are 0-2 mm apart and the screen is 1-5 m away. It is 
observed that the distance between the central bright 
fringe and fourth dark fringe is 1-8 cm. Find the wavelength 
of light used. (PS.S.C.E. 1993, 1992) 

Sol. Here, d = 0-2 mm = 2 x 104m;D=1-5m; 

Now, distance of fourth dark fringe, 

yz =1-8cm=1-8x 10*m 


R ater 
ct 43 wa hig d 
Hed 2x8 X10 7X 2x10 
or A= = 
7D 7x1-5 
= 6-86 x 10-7 m 


Problem 5.09. In a Young’s experiment, the width of the 
fringes obtained with light of wavelength 6000 Ais 2-0mm. 
What will be the fringe width, if the entire apparatus is 
immersed in a liquid of refractive index 1-33 ? 

(C.B.S.E91991) 


Sol.Inair: B=20mm =2.0~x 103 m; 
a=-6000A=6x10’m; 
DA 
Now, =— 
B d 
D_p_2:0x10* 
e fh expenneseig—” 


In liquid : Let A’ be wavelength of light in liquid and f’ 
be the corresponding fringe width. Then, 


A 6x10" 
Uu 1-33 
Pitty -3 7 
verde aieks Sainec Ra 6x10 151073 m 
d ART 1-33 
=15mm 


Problem 5.10. A double slit is illuminated by light of 
wavelength 6000 A. The slits are 0-1 cm apart and the screen 
is placed one metre away. Calculate (a) the angular position 
of the 10th maximum in radian and (b) separation of the two 
adjacent minima. (P.S.S.C.E. 1996) 

Sol. Here,  2=6000 A = 6000 x 10m; 

d=0-1cm=10°m;D=1m; 

(a) The angular position of nth maximum, 

pom DA pees 
D d d 
Therefore, angular position of 10th maximum, 
10 x 6000 x 1077? 


—3 
10 
(b) Separation between the two adjacent minima 1.e. 
fringe width, 


B 


= 0-006 radian 


10 


_DA_1x6000x 107 


d 10° 
= 0-6 mm 


=0-6xX10°m 


STs 


Problem 5.11. Using light of wavelength 6000 A , it is 
found that in a thin film of air, 7 fringes occur between two 
points. Deduce the difference of the film thickness between 
these points. (H.S.S.C.E. 1997 S) 


Sol. Let t be the difference of thickness of the air film 
between two points. 


ee Problem 5.12. White light may be considered to have 
A from 4000 A to 7500 A. If an oil film has thickness 
10-4 cm, deduce the wavelength in the visible region for 
which the reflection along the normal direction will be 
(i) weak (ii) strong. Take y of the oil as 1-4. 

Sol. Here, “=1-4;t=104cm 

For normal incidence (i and hence r = 0°), the path 
difference is given by 

2ut=2x14x104cm 
= 2-8 x 10 x 108 = 28000 A 

(i) Condition for weak reflection (destructive 

interference) is given by 


Lee IA 
2ut 28000 
or A= —— = —— 
n n 


The value of n should be such, so that A lies between 
3900 A and 7600 A. This will be possible, if 


28000 


A=——=7000A (when n = 4) 

4 == = 5600 A (when n = 5) 

4 = = 4667 A (when n = 6) 
28000 2 

aestaey et = 4000 A (when n = 7) 


The other values of 1 are not allowed as for those values 
of n, A does not lie within the given wavelength range from 
3900 A to 7600 A. Hence, the above values of A cause weak 
reflection. 
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2yutcosr=nda 
Here, for air film, wp =1;n=7; 
A= 6000 A = 6000 x 10-19 m 
For normal incidence of light, r=0 
2x 1x tcos 0° =7 x 6000 x 10-10 
t=2:1x10%m 


- eC }emik bie: 
tudents ———_—_—- 
(ii) For strong reflection, we have 
2ut=(2n+1)A/2 
el 2(2 ut) _ 2x 28000 _ 56000 
2n+1 2n+1 iis2n+d 


aus 4 =O = 6202.4 (when n= 4) 
6000 yh 

= Se = 5091 A (when n = 5) 

= 20 = 4308 A (when'n = 6) 


Hence, only the above values of n will cause strong 
reflection. For other values of n, the wavelength will not be 
within the given wavelength range. 
aa Problem 5.13. In a certain region A to B ina thin film, 

we get 10 fringes with light of wavelength 4358 A . 
How many fringes will be observed in the same region with 
wavelength 5893 A ? 

Sol. Let n, and n, be the number of fringes observed 
between A and B. Ift is the change in thickness of the film and 
A, andA, are wavelengths, then for normal incidence 


2ut=nyA=nyd, 


m Ay 
a = 
Here, n, = 10; A, = 4358 A = 4358 x 10-10 m; 
Ay = 5893 x 10-19 m 
Honeat fe main Sa tr Sy i 


5893 x 10710 


VERY SHORT ANSWER QUESTIONS. = 


Q. 5.01. What is inference of light ?_ (H.S.S.C.E. 2002) 
Ans. The phenomenon of non-uniform distribution of energy 
in the medium due to superposition of two light waves is called 
interference of light. 
Q. 5.02. Define coherent sources of light. 
(P.S.S.C.E..1998'S) 


Or 
What are coherent sources of light ? 
(C.B.S.E. 2002, 2001, 1998 ; P.S.S.C.E. 2002, 2000, 1999 S ; 
H.S.S.C.E. 2002, 2001, 1997 S, 1992 ; I.S.C.E. 1994) 
Ans. Two sources obtained from a single source of light 
are called coherent sources. 
Q. 5.03. Can two independent sources of light be 
coherent ? 
Ans. No. 


( 


With Answers/Hints 


Q. 5.04. State the essential condition for two light 
waves to be coherent. (H.S.S.C.E. 2002) 
Ans. 1. The light waves should be of same wavelength. 

2. The two light waves should either be in phase or 
should have a constant phase difference. 

Q. 5.05. What happens to the interference pattern, if 
the phase difference between the two sources conti- 
nuously varies ? 

Ans. If the phase difference between the two sources 
continuously varies, the positions of minima and maxima will 
also vary. Such an interference pattern will not be a sustained 
one and it will not be observed. 

Q. 5.06. Two slits in Young’s double slit experiment are 
illuminated by two different sodium lamps emitting light 
of same wavelength. Do you observe any interference 
pattern on the screen ? (I.L.T. 1984) 


{ 


ight waves from the two ind 
changing continuously. 

Q. 5.07. Why should we have narrow sources to 
produce good interference fringes ? (PG. S.C.B71993) 

Ans. It is because, a broad source is equivalent to a large 
number of narrow sources lying close to each other. Due to 
overlapping of interference patterns due to different pairs of 
narrow sources, the interference pattern obtained is not a 
distinct one. 

Q. 5.08. What is the main condition to produce 
interference of light ? (H.PS.S.C.E. 1998'S) 


Or 

State the most essential condition for observing 
interference of light. (I.S.C.E. 1996) 

Ans. The two sources of light must be coherent sources. 

Q. 5.09. What is the principle of superposition of light 
waves ? 

Ans. It states that when two or more wave trains of light 
travelling in a medium superpose upon each other, then the 
resultant displacement at any instant is equal to the vector 
sum of the displacement due to individual waves. 

Q. 5.10. What happens to the interference pattern, 
when one of the slits is closed ? 

Ans. The interference pattern will disappear. 

Q. 5.11. What is the relation between path difference 
and phase difference ? 


p 
Ans. Phase difference = “= x path difference 


Ans. Path difference, x = nA, where n = 0, 1, 2, 3... . 


Q. 5.13. State the condition for destructive interference. 
(H.S.S.C.E. 2002 ; C.B.S.E. 1992) 

A 
Ans. Path difference, x = (2 + 1) ci where n = 0, 1,2... . 


Q. 5.14. Widths of two slits in a Young's experiment are 
in the ratio 4: 1. What is the ratio of the amplitudes of light 
waves from them ? 


w 4 
Ans. Here, el 
W2 1 
2 
a w 4 
Now, aa ae ate 1 
ag W2 
a _2 
Therefore agiyy 


Q. 5.15. What is the ratio of slit widths, when the 
amplitudes of light waves from them have a ratio /2 :1? 


ay Ap 


Ans. Here, —=— 
ag 1 
2 
Wy ae 2 2 
Now, —_ = rs = }—_—_ = 
Wo ay 1 1 


Q. 5.16. If the two slits in Young's double-slit experi- 
ment have width ratio 4: 1, deduce the ratio of intensity at 
maxima and minima in the interference pattern. 

(C.B.S:E. 1999 S) 


2 A 
w 4 a 2 
Ans. Here , at =- or a ee or a4, =2 4) 
Wo ay 1 ay 1 
If], and I, are intensities of light at maxima and minima 
respectively, then 
Ty (a +a)" _ ar + a) _9 
In (ay-4@2)  (2ay-a2)* 1 
Q.5.17. If the separation between two slits is decreased 
in Young’s double slit experiment, keeping the screen 


position fixed, what will happen to the fringe width ? 
(I,S.C.E»1995) 


Ad 
Ans. We know that B = a 


When the two slits are moved closer (d is decreased), the 
fringe width will increase. 

Q. 5.18. Why is interference pattern not detected, when 
two coherent sources are far apart ? (H.S.S.C.E. 2001) 

Ans. As the distance between two sources is increased, 
the fringe width decreases. When the sources are far apart, 
the fringe width practically becomes zero. 

Q. 5.19. What happens to fringe width, when the 
separation between the sources is increased ? 

(Text Question) 


DA 
Ans. We know that B = niet The fringe width decreases, 


when the separationd between the two sources in the Young’s 
double slit experiment is increased. 

Q. 5.20. What is the effect of slit width and wavelength 
of light source on fringe width of the fringes formed by 
Young’s double slit experiment ? (C:B:S.E91995 S) 

DA 


Ans. Again, B = Rie 


It follows that when slit width (distance between slits) 
is increased, fringe width will decrease. 

On the other hand, when wavelength is increased, the 
fringe width will increase. 

Q. 5.21. In Young’s double slit experiment, the 
separation of the slits is doubled and the distance between 
the slits and the screen is halved. How will it affect the 
fringe width ? 

Ans. In the interference pattern, the fringe width is given 
by 

DA 


When D is halved and d is doubled, 8 becomes one- 
fourth. i.e. the fringe width reduces to one-fourth of its 
previous value. 

Q. 5.22. Is the law of conservation of energy obeyed by 
the interference ? 

Ans. Yes. 

Q. 5.23. When a low flying aircraft passes overhead, we 
sometimes notice a slight shaking of the picture on our TV 
screen. Suggest a possible explanation. 

(H.P.S.S.C.E. 1998 S) 

Ans. A low flying aircraft reflects the TV signal. Due to 
interference between the direct signal and the reflected signal, 
the picture on TV screen shows a slight shaking. 

Q. 5.24. Can white light produce interference ? What 
is its nature ? 


that the fringes of different colours overlap to produce general 
illumination, white in colour. 

Q. 5.25. When a thin transparent film is placed just in 
front of one of the two slits in the Young’s double slit 
experiment using white light, what change results in the 
fringe system ? (I.S.C.E. 1997) 

Ans. The entire fringe pattern will get displaced. 

Q. 5.26. Why do the oil films on the surface of water 
appear to be coloured ? 

Ans. The oil films on the surface of water appear to be 
coloured due to the interference of white light reflected from 
the two surfaces of the film. - 

Q. 5.27. Why does an excessively thin film appear 
black in reflected light ? (H.S.C.C.E. 1992) 


Ans. In case of an excessively thin film (t = 0), the path 


A A 
difference is just > . The path difference of — occurs due to 
the reason that one of the two rays suffers reflection at denser 


Q. 5.01. What are the conditions for two sources to be 
coherent ? (P.S.S.C.E. 1995 ; C.B.S.E. 1990) 
Or 

State the conditions, which must be satisfied for two 

it sources to be coherent. (H.S.S.C.E. 1998) 

Ans. 1. Two sources should emit light waves 
continuously. 

2. The light waves emitted by the two sources should be 
c* the same wavelength. 

3. The phase difference between light waves emitted by 
the two sources should not change with passage of time. 

Q. 5.02. What is the difference between coherent and 
incoherent sources of light ? 

Ans. Two sources of iight, which fulfil the conditions 
given in SAQ 5.01, are called coherent sources. On the other 
hand, if the two sources emitting light do not fulfil these 
conditions, they are called incoherent sources. 


Q. 5.03. State the necessary conditions for the: 


sustained interference. 
(C.B.S.E. 2002, 1998 S ; PS.S.C:E. 1998 S) 

Ans. Refer to section 5.03. 

Q. 5.04. State the three conditions for sustained 
interference to take place. Explain, why these conditions are 
necessary. 

Ans. Refer to section 5.03. 

Q. 5.05. Consider interference between waves from two 
sources of intensities I and 4 I. Find intensities at points, 


where phase difference is (i) - (ii) x. (Roorkee ; 1987) 


Ans. Here, I, = 4,7 =I and I, =a,2= 41 
Resultant light intensity, 
I’ =a," +a,? +2, a, cos¢ 
=1+41+2 1 41 cos#=51+4I cos ¢ 
f ene t 
(i) When ~—> :I'=51+ 41 cos pol t4Ix0=51 
(i) When $=2:1'=51+4Icos7=514+41C1)=1 


only fit fee coroured fringes can be detected and beyond ~ mediur 


the film appears dark. 

Q. 5.28. Bubbles of colourless soap solution appear 
coloured in sunlight. Why ? 

Ans. It is due to interference of white light from the thin 
film of the soap bubbles. 

Q. 5.29. Thin films such as soap bubbles ora thin layer 
of oil on water show beautiful colours, when illuminated 
by white light. Explain the observation. —_ (Text Problem) 

Ans. Light waves reflected from the upper and lower 
surfaces of a thin film interfere with each other. The coloured 
interference fringes are produced due to the reason that the 
conditions for constructive and destructive interference 
depend on wavelength of the light used. 

Q. 5.30. Define the term ‘coherence’ for light waves. 

: (I.S.C.E. 1998) 

Ans. When the light waves interfering with each other 
have a phase difference that remains constant with time, they 
are called coherent. 


With Answers/Hints 
Q. 5.06. Consider interference between two sources of 
intensities I and 4 I. Obtain intensity at a point, where the 


(C.B.S.E. 1995 S) 


n 
phase difference is 2° 


Ans. Refer to SAO 5.05 (i). 

Q. 5.07. Find the ratio of intensities at two points X 
and Y on a screen in Young’s double slit experiment, 
where waves from S, and S, have path difference of 
(i) 0 and (ii) 4/4. (C.B.S.E. 1993) 

Ans. Resultant light intensity, I = a,? +a? + 2a, a, cos 

(i) Path difference equal to zero at point X corresponds 
to phase difference ¢ = 0° at that point. 

; Ty =a)? + ay? + 2 a, ay cos 0° =a,2 +a)? +24, a, 


(ii) Path difference equal to os at point Y corresponds to 


1 
phase difference ¢ = 5 at that point 


ly = 4,7 + a, +24; a, cos = a;? + ay? 
Ix ay +ay7 +20; ay 
2 a," +5" 
Incase, 4a, =a, =a (say), then 
Ix _a*+a*+2axa 2 


ly a? +a 1 


Q. 5.08. Two light waves of amplitudes a, and a, 
interfere with each other. Find the ratio of the intensities 
of a maxima to that of a minima. 

Ans. When two light waves of amplitudes a, and a, 
differing in phase by ¢ interfere, the intensity of the resultant 
light is given by 
I=a,7 +4,°+2 a, a, cos 

The intensity of light will be maximum, when ¢ = 0. 

; Tyna = 947 + Mp2 + 2 a, ay cos 0 
= Ay? + dy? + 2a, a5 x 1= (a, +457 

On the other hand, intensity of light will be minimum, 

when @ = 2. 


ya. a ASM ange) 
=a)? +a +2 ay ay x Cl) = (a,- 4a, 


Be et (ay + ay)” 


min (a, — az ? 

QO. 5.09. What will be the intensities of the maxima and 
ninima, when the light waves interfering with each other 
re of the same amplitude ? Show that the intensity of the 
naxima is four times the intensity of light due to each of 
he two slits. 

Ans. In case, the two light waves are of same amplitude 


Hence, 


10. 
A, = a7 = 4 (say), then 
Tmax = (4 + a)? =4 a? 
and Lae at a)2=0 


Now, intensity of light due to each slit, I = a2 

It follows that I, =41 i.e. maximum intensity in the 
interference pattern is four times the intensity of light due to 
each slit. 

Q. 5.10. Show that in Young’s experiment, the dark and 
bright fringes are equally spaced. 

Ans. Refer to section 5.07. 

Q. 5.11. Draw the graph showing the variation of 
intensity in the interference pattern in Young's double slit 
experiment. (C.B.S.E. 2002, 1998 S) 

Ans. Refer to Fig. 5.04. 

Q. 5.12. What is the effect on the interference pattern 
in Young’s double-slit experiment due to each of the 
following operations ? (a) The widths of the slits are 
increased equally. (b) The whole apparatus is keptina 
denser medium. (C.B.S.E. 1998 S) 

Ans. (a) As the widths of the slits are increased equally, 
the fringe width decreases. It is because, 

pes 
d 

(b) When the apparatus is immersed in denser medium 
of refractive index p, the wavelength of the light used 
decreases. Since B « A, the fringe width decreases. 

Q. 5.13. Why is no interference pattern observed, when 
two coherent sources are (i) infinitely close to each other ? 
(ii) far apart from each other ? (C.B.S.E. 1998) 
A 


D 
Ans. We know, B = Pre 


(i) When the two sources are quite close to each other (d 
quite small), sufficiently wide fringes are formed. In case the 
two sources are infinitely close to each other, general 
illumination will take place. 

(ii) When the sources are moved far apart (d very large), 
the fringe width will be very small and they will not be 
separately visible. 

Q. 5.14. What is the effect on the interference fringes 
in a Young’s double slit experiment due to each of the 
following operations ? 

(a) The screen is moved away from the plane of the 

(C.B.S.E. 2001 S) 
(b) The source is replaced by another source of shorter 
wavelength. 


slits. 


‘the two slits is decreased. 
(C.B.S.E. 2000, 1999) 


(d) The monochromatic source is replaced by a source 
of white light. (C.B.S.E. 2001 S) 


, DA 
Ans. We know that 8 = arm 


(a) When the screen is moved away from the plane of 
slits, D increases. Hence, fringe width will increase. 

(b) The decrease in A will decrease fringe width. 

(c) When separation between the two sources is 
decreased, d decreases. Hence, fringe width will increase. 

(d) The different colours of white light will produce 
different interference patterns but the central bright fringes 
due to all colours are at the same position. Therefore, central 
bright fringe is white in colour. Since blue colour has the 
lowest A, the fringe closest on either side of the central white 
fringe is blue and the farthest is red. Beyond a few fringes, 
no clear fringe pattern is visible. 

G. 5.15. How does the central fringe appear, when 
white light is used in a biprism experiment ? Explain your 
answer. (I.S.C.E. 1994) 

Ans. Refer to SAQ 5.14 (d) 

Q. 5.16. Imagine a situation in which Young’s double 
slit apparatus is completely immersed in water. What will 
be the change in fringe width as compared to the case, when 
the apparatus lies in air? 


. . . D A 
Ans. When apparatus is in air, Bair = —— 


When Hi ent is immersed in water, the wavelength 


of light decreases to— - 


DA 
Therefore, Bwater =—>Z 
pd 

B water Da d 1 


Q. 5.17. What will be the effect on the fringes formed 
in Young’s double slit experiment, if (i) the apparatus is 
immersed in water, (ii) white light is used instead of 


Ans. (i) Refer to SAQ 5.16. 

(ii) Refer to SAQ 5.14 (d). 

Q. 5.18. Two slits are 1 mm apart and the same slits are 
1 m from a screen. Find out fringe separation, when light 
of wavelength 500 nm is used. (H.S.S.C.E. 1996) 

Ans. Here, d= 1mm =10°m;D=1m; 

A = 500 nm = 500 x 10°? m 
_DA_1x500x10” 


d 10° 
=0-5mm 
Q. 5.19. In a Young’s double slit experiment, the 
distance between the slits and the screen is 1 m. If the 
distance between the slits is 5 mm, the fringe width is 
found to be 0-1 mm. Calculate the wavelength of the light 


B =0-5x10° m 


used. (H.S.S.C.E. 1998) 
Ans. Here, d=5 mm=5 x 10-3; B=0-1mm=10+m; 
D=tm 
Da 
Now, B ik: Fi 


Bd 10 x 5x10 
#1 Day; 1 


or A =5x107m 


Q. 5.20. Draw a labelled diagram to show how inter- 
ference can take place in thin transparent fiims by reflected 
light. 

Ans. Refer to Fig. 5.05. 


(is.€ ee too) 


Q. 5.01. Why is interference pattern not detected, when 

the two coherent sources are far apart ? 

Ans. The fringe width in the interference pattern is 
inversely proportional to the separation between the sources 


1 
Bo« 7 } As the distance between the sources is increased, the 


fringe width goes on decreasing and at very large separation, 
it becomes too small to be detected. 

Q. 5.02. If the two point-like coherent sources are 

placed infinitely close to each other, what happens to 
the interterence pattern ? 

Ans. The fringe width is inversely proportional to the 
separation between the sources. Therefore, when the coherent 
sources are placed very close to each other, the fringe width 
becomes very large and for infinitely close sources, even a 
single fringe may occupy the screen. As a result, the 
interference pattern may not be observed. 

Q. 5.03. Can two electric bulbs, point-like and having 

filaments of the same material placed close together, 
produce interference ? Explain. 

Ans. The two independent sources, such as two electric 
bulbs, even point-like, cannot act as coherent sources. So the 
sustained interference cannot be produced. The emission of 
light in the bulbs is due to millions of atoms in which electrons 
jump from higher orbit to the lower orbit. This process takes 
place in a time of about 10-8 s. So, the phase difference can 
remain constant for about 10-*s only. In other words, in one 
second, the phase will change 108 times approximately. Such 
a fast variation in the interference pattern cannot be detected 
even with the most superior camera available so far. 
Therefore, the interference will be produced, but it will go 
undetected. 

Q. 5.04. What change is observed in interference 

pattern of Young’s double slit experiment, if one of the 
two slits is painted so that it transmits half the light intensity 
of the other ? 

Ans. When the slit is not painted : 

Here, pees yet 

or ay =ay=A1 

Therefore, [nay = (VI + VI)? =41 

and Linin = (VI = VI)? =O) 

When one of the slits is painted : 

2_I 


2 
ay =I;a = 
D2 


or a = Tanda, = | 


Here, 


is obeyed in the phenomenon of interference of light. . 


{Bog 
7 x 


Fora mbitious, 5 rilliant & ¢ urious Students 


Vas ay ibis Nae Ma a te Bb aeRS 
plain, how th atior erg 


(PS.S.C.E. 1999 § 
Ans. Refer to section 5.10. 
Q. 5.22. When two light waves interfere at some point 
to produce darkness, what becomes of the light energy ? 
Ans. Refer to section 5.10. 


bs 5 ‘A ’ ag - jm y 7 Fs 
59 9 ey C ue : we Gat 4 i 


2 2 i 
[I 1 oN 
Ine = [Vis 4 -1[1+5) =2-915I 


2 2 
[1 1 
and bin =( + 4 11-5) = 0-086 I 


Therefore, on painting one of the two slits, intensity of 
maxima will decrease from 4 I to 2-915 I and the intensity of 
minima will increase from 0 to 0-086 I. 

Se Q. 5.05. One method of producing two in-phase point 

sources of light for interference is to form two images 
of a point source by means of the two halves of alens, which 
has been split along a diameter [Fig. 5.06]. 


O| SCREEN 


|«- 2f ->}«- 2f-»}e--- D=80cm----> 


Fig. 5.06 

(a) How must the two halves of a5 cm focal length lens 
be placed to form two real image sources 0-24 cm apart and 
20 cm from the source ? 

(b) A screen is placed perpendicular to the principal 
axis and 80 cm from the image sources. What is the width 
of central maxima formed on the screen, if the wavelength 
of the light used is 5-4 x 10 cm ? 

Ans. (a) As one lens, the two halves will form a single 
image on the principal axis of a point source located on the 
principal axis. As the two halves of the lens are separated, each 
half will produce an image w.r.t. its own principal axis. If the 
two halves are separated by a distance x, the principal axis of 
each half is now x/2 from the original axis through the source 
S. The source will then be at a distance x/2 off the principal 
axis of each half of the lens. Since the two images S, and S, 
are to be produced at a distance of 20 cm from the source S, u 
=v = 20 cm. As the focal length of the lens 5 cm, the images 
S, and S, will be produced at 20 cm from the source, if 
u=v= > = 10cm i.e. the two halves should be placed at a 
distance of 10 cm from the source. As such, the image 
produced by each half of the lens will be x/2 on the other side 
of its principal axis. If d is distance between the two images 
S, and S,, then 


i d=4x-~=2y 
2 


2x=0-24cm x = 0-12 cm 


Da 


or 


(b) Now, width of the central maxima, By = 


Here, D=80cm;d=0-24cmand/ =5-4 x 10° cm 
80x5-4x10~ 4 
ff ROS a sis 104 ent 
0-24 


Q. 5.06. What will happen to the interference pattern 
@:. Young’s experiment, if the source is not exactly on 
he centre line between the slits ? 

Ans. In the normal position of the source w.r-t. the double 
lits [Fig. 5.07], the central bright fringe results at point O. 


| Fig. 5.07 
It is because, the paths traversed by light along SAO and 
SBO are equal. 
When the source is moved upward to position S’, the 
central fringe will occur at the point O’ on the screen [Fig. 5.08], 
where the paths of light S’AO’ and S’BO’ are equal. 


Fig. 5.08 

Therefore, when the source of light is not exactly on the 
centre line and is moved upwards, the central bright fringe 
will move downwards. 

Q. 5.07. Can you suggest 1easons, why no interference 

is seen, when light reflects from the two surfaces of a 
windowpane ? 

Ans. Suppose that the glass window pane is viewed in 
white light and the glass pane is say 0-2 cm thick. For light of 
wave-length 6000 A, the path difference between the light 
reflected from the two surfaces will be 2 p t i.e. 2 x 1-5 x 0-2= 


0-6 
6000 x 10-° 


system, the light will interfere destructively and will appear 
dark. It can be calculated that corresponding to light of 
wavelength 5999-7 A, the path difference will be 10,000-5 
wavelengths. Light of this wavelength will interfere 
constructively in reflected system. Thus, many wavelengths 
evenly distributed overtheentirespectrum wouldbereflected 
and the net result would be, not coloured interference fringes, 
but a white reflected light. 


6-0 cm Le. = 10,000 wavelengths. In reflected 


eer & , 5 
interference fringes. However, the surfaces of mos* 
glass are too far from being optically flat io » od 
interference fringes. 

Q. 5.08. Why does the colour of the oil film on the 

Brictace of water continuously change ? 

Ans. The location of the bright and dark fringes produced 
by thin oil films depends upon the thickness of the film. The 
thickness of the oil film on the surface of water continuously 
varies and as a result, the rosition of the coloured fringes aiso 
varies. This appears as a variation in the colour of the oil films. 

Q. 5.09. If a thin soap film is arranged vertically, the 

oloured horizontal interference bands move down- 
wards and at the same time change their width. After some 
time, a rapidly growing dark spot appears at the top of the 
film, which bursts shortly afterwards. Explain, why. 

Ans. Ina thin soap film, the coloured bands are produced 
due to interference of light waves reflected from the upper and 
lower surfaces of the soap film. The path difference between 
the light waves reflected from the two surfaces depends upon 
the thickness of the film at the point of reflection and the 
wavelength of the light waves. Therefore, each of the 
horizontal interference bands corresponds to some definite 
thickness of the film. 

Ina soap film arranged vertically, water flows gradually 
from upper part to the lower part of the film. Due to this, the 
lower part gradually grows thicker, while the upper part 
becomes thinner. The points corresponding to some definite 
thickness are gradually displaced and the respective inter- 
ference bands move downwards with them. After some time, 
the film in the upper part becomes of the thickness equal to 
one quarter of the shortest wavelength of the incident light. 
At this point of the film, the light waves of the wavelengths 
reflected from the two surfaces of the film will interfere 
destructively and the film will appear dark at that point in the 
reflected light. 

ad 5.10. Lenses are often coated with a thin film to 
educe the intensity of reflected light. 

(a) If the index of refraction of the coating is 1-3, what 
is the smallest thickness that will give minimum reflection 
of yellow light (A = 5800 A).? 

(b) Such lenses often show a faint purple colour by 
reflected light. Why ? 

Ans. (a) When light falls on a lens (4 = 1-5) coated with 
a thin film (y = 1-3), a part of light gets partially reflected from 
the film and partially from the lens. The path difference 
between the light rays reflected from film and glass depends 
upon the thickness of the film. Since in both the cases, 
reflection takes place from denser medium, no extra path 
difference (or phase difference) is created. A film of thickness 
A/4 will give a total path difference of A/2 and the two 
reflected light waves will interfere destructively. In this 
manner, a thin film coated on the lens helps to reduce the 
intensity of the reflected light. 

The wavelength of yellow light inside the film, 

= air _ 5800 _ 4462.A 
H film 1-3 

For minimum reflection of yellow light, the thickness of 

film is given by 
era ea 
s a 


destructive interference of yellow light, red lig 


op 
ht and viol 


light will be some what reflected. The reflected light will, 
therefore, have a reddish or purple tinge. 


Q.5.11. An observersees a green fringe passing through 
a given point in an oil film. Would other obser-ver 


looking at the same point necessarily see the green fringe 


there ? Explain by writing down the necessary relation. 


What are coherent sources of light ? Two independent 
sources of light cannot be coherent. Explain. Why ? 

(P.S.S.C.E. 2001) 
Two sources of intensity I, and I, undergo interference in 
Young’s double slit experiment. Show that 


Tmax _ {a4 + a) 

Tnin -(2 4 ; 
where a, and a, are the amplitudes of disturbance for two 
sources S, and S,.(C.B.S.E. 2001 S$) 
What are coherent sources of light ? Deduce an expression 


for the intensity at a point on the screen in Young’s double 
slit experiment. (C.B.S.E. 2001) 


Describe Young’s double slit experiment. How can it be 

used to determine the wavelength of a light source ? Give 

three examples of interference. 

What do you understand by fringe width ? Derive an 

expression for fringe width in the interference pattern. 
(H.P.S.S.C.E. 1994) 


et 


6. 


r. Therefore, for the given oil film, uand are constant : 


path difference depends only on angle of refraction, which in 
turn depends on angle of incidence. It is not possible that two 
different observers will look at a point in the same direction 
and therefore, for the two observers, the path difference will 
not be same. Hence, the other observer may not necessarily 
see green fringe there. 


. 


Carrying 3 Marks 
Light after passing through two adjacent narrow slits falls 
ona screen. Find the expression for fringe width. 
(H.S.S.C.E. 1994) 

Derive the expression for the fringe width in Young’s 
double slit interference. 

(H.S.S.C.E. 2001 ; P.S.S.C.E: 1999 ; C.B.S.E. 1997) 
Prove that the fringe width of both the bright and dark 
fringes in interference is same in Young's double slit 
experiment. (H.P.S.S.C.E. 2000, 1999 S) 
Prove that the law of conservation of energy is obeyed 
during interference of light. (P.S.S.C.E: 2002, 2001, 2000) 
Consider a monochromatic ray incident :on‘a film of 
uniform thickness ¢ and refractive index y. Derive the 
condition for a dark fringe, when viewed from the same 
side of the film. CiSHS E1997) 
Discuss the conditions for film to appear bright and dark, 
when viewed from the other side of the film. 
Explain colour formation in this film. (H.S.S.C.E. 2001) 


Draw a schematic labelled diagram for the experimental 
determination of the wavelength of light by Young’s 
interference experiment. Derive the formula used. 
(LS.C.E. 1994) 

Deduce the conditions of maxima and minima in Young’s 
double slit experiment and find an expression for fringe 
width. 
State the necessary conditions for sustained interference 
pattern. Derive an expression for fringe width using 
Young’s double slit method for interference of light. 

’ (P.S.S.S.C.E. 2000) 
Derive an expression for fringe width using Young’s 
double slit method for interference of light. What will 
happen, if the distance between the two slits becomes 
nearly zero ? (P.S.S.S.C.E, 2002, 2000) 
Derive an expression for fringe width in Young’s double 
slit experiment for interference of light. What will be the 
effect on the fringes formed in this experiment, if whole 


Type A. On Slit width and Intensities of maxima and 


minima 


If the two slits in Young’s experiment have width ratio 
1: 4, deduce the ratio of intensity at maxima and minima 
in interference pattern. (H.P.S.S.C.E. 1995) [Ans. 9 : 1] 
Two coherent sources whose intensity ratio is 16 : 1 
produce interference fringes. Calculate the ratio of intensity 
of maxima and minima in the fringe system. 

(H.S.S.C.E. 2001) [Ans. 25 : 9] 


3. 


of the apparatus is immersed in water ? (PS.S.C.E. 2001) 
Apart of Young’s double slit experimental set-up has been 
shown in the Fig. 5.09. 


Fig..5.09 
Find the path difference and hence the phase difference 
of the waves arriving at P from the slits S, and S,. State 
the condition for the waves arriving at P from the two slits 
to interfere constructively. Find the fringe width in terms 


of D, d and the wavelength A. 


For Practic 


Two coherent sources whose intensity ratio is 81:1 
produce interference fringes. Calculate the ratio of intensity 
of maxima and minima in the fringe system. 
(C.B.S.E. 1995) [Ans. 25 : 16] 
In Young’s interference experiment, the ratio of intensity 
at the maxima and minima in the interference pattern is 
25 : 9. What will be the ratio of widths of the two slits ? 
(P.S.S.C.E. 1999 S) [Ans. 16: 1]-_ 


, 10. 


11. 


a2. 


13. 


14. 


15. 


16. 


In a Young’s double slit experiment, interference fringes 
were produced on a screen placed at 1-5 m from the two 
sts 0-3 mm apart and illuminated by light of 6400 A. Find 
the fringe width. (H.S.S.C.E. 2002) [Ans. 3-2 mm] 
In a Young's double slit experiment, light has a frequency 


of 6 x 10-!4 s-!. The distance between the centres of 
adjacent bright fringes is 0-75 mm. If the screen is 1-5 m 
away, what is the distance between the slits ? 
[Ans. 0-1 cm] 
In Young's double slit experiment, the two slits are 0-5 mm 
apart. The screen is placed 1 m away from the slits. The 
distance of 11th fringe from the first fringe is 1-0 cm. 
Calculate the wavelength of light used. 
(H.S.S.C.E. 1999 S) [Ans. 5000 A] 
Light of wavelength 5000 Ais incident on a double slit. If 
the overall separation of 10 fringes on a screen 200 cm 
away is 10 cm, find the distance between the two slits. 
(P.S.S.C.E. 2002) [Ans. 0-1 mm] 
Green light of wavelength 5100 A from a narrow slit is 
incident on a double slit. If the overall separation of 10 
fringes on a screen 200 cm away is 2 cm, find slit 
separation. _ (H.PS.S.C.E. 1993) [Ans. 0:51 mm] 
In Young’s experiment, the distance of screen from the 
two slits is 1-0 m. When a light of wavelength 6000 Ais 
allowed to fall on the slits, the width of the fringes obtained 
on the screen is 2-0 mm. Determine (i) distance between 
the two slits (ii) the width of the fringe, if the wavelength 
of incident light is 4800 A. 
[Ans. 3 x 10 m 16x 10° ml] 
The fringe width in a Young’s double slit interference 
pattern is 2-4 x 10-4 m, when red light of wavelength 
6400 A is used. By how much will it change, if blue light 
of wavelength 4000 A is used ? [H.S.S.C.E. 2002] 
[Ans. 0-9 x 10+ m (decrease)] 


_In Young’s double slit experiment, the fringe width 


obtained is 0-6 cm, when light of wavelength 4000 A is 
used. If the distance between the screen and the slit is 
reduced to half, what should be the wavelength of light 
used to obtain fringes 0-5 cm wide? — (P.S.S.C.E. 1999) 
[Ans. 6666-7 A] 
In Young’s double slit experiment, the width of the fringes 
obtained with light of wavelength 4500 Ais 1-8 mm. If the 
distance between the two slits is 0-3 mm, find the distance 
of the screen from the slits. What will be the fringe width, 
if the entire apparatus is immersed in water of refractive 
index 4/3. [Ans. 1-2 m, 1:35 mm] 
In Young’s double slit experiment, the slits are separated 
by 0:28 mm and the screen is 1-4 m away. The distance 
between the central bright fringe and the fourth bright 
fringe is 1-2 cm. Find the frequency of light used. Use the 
standard value of velocity of light... (P.S.S.C.E. 1997 S) 
[Ans. 5 x 10!4 Hz] 
In a Young's double slit experiment, the slits are separated 
by 0-56 mm and the screen is placed 2:8 m away. The 
distance between the central bright fringe and the fifth 
bright fringe is measured to be 1-5 cm. Determine the 
wavelength of light used in the experiment. 
(H.S.S.C.E. 1998 S) [Ans. 6 x 107” m] 
The two slits in Young’s double slit experiment are 
separated by a distance of 0-03 cm. When light of wave- 
length 5000 A falls on the slits, an interference pattern is 
produced on the screen 1:5 m away. Find the distance of 
4th bright fringe from the central maximum. 


(C.B.S.E. 1995) [Ans. 1 cm]. 


18. 


19. 


20. 


21. 


22. 


23: 


5000 A is used. The third bright band on the screen is 


formed at a distance of 1 cm from the central bright band. 
If the screen is at a distance of 1-5 m from the centre of the 
narrow slits, calculate the separation between the slits. 


Two parallel slits used for Young’s interference experiment 
are 0-5 mm apart. The screen on which fringes are projected 
is 1-5 m from the slits. How far is the third dark fringe 
from the central bright one ? Wavelength of light used 
is 6000 A. [Ans. 0-45 cm] 
In Young’s double-slit experiment, two slits are separated 
by 3 mm distance and illuminated by light of wavelength 
480 nm. The screen is at 2 m from the plane of the slits. 
Calculate the separation between the 8th bright fringe and 
the 3rd dark fringe observed with respect to the central 
bright fringe. (C.B.S.E. 2001) (Ans. 1-76 mm] 
In a Young’s double slit experiment, red light of 
wavelength 6000 A is used and the nth bright fringe is 
obtained at a point P on the screen. Keeping the same 
setting, the source is replaced by green light of 5000 A and 
now (n + 1)th bright fringe is obtained at the point P. 
Calculate the value of n. (H.S.S.C.E. 2002) [Ans. 5] 
Laser light of wavelength 630 nm incident on a pair of slits 
produces an interference pattern in which the bright 
fringes are separated by 8-3 mm. A second light produces 
an interference pattern in which the bright fringes are 
separated by 7-6 mm. Find the wavelength of the second 
light. (I.S.C.E. 1994) [Ans. 576-87 nm] 
In Young’s double slit experiment, light of wavelength 
6000 A is used to get an interference pattern on a screen. 
The fringe width changes by 1.5 mm, when the screen is 
brought towards the double slit by 50 cm. Find the distance 
between the two slits. (H.S.S.C.E. 2002) [Ans. 0-2 mm] 
In young’s double slit experiment, the slits are 0-2 mm 
apart. The interference fringes for light of wavelength 
6000 A are formed on a screen distant 1-5 m from the slits. 
Calculate (i) the angular position of the third maxima, 
(ii) the angular position of the fifth minima and (iii) the 
fringe width. [Ans. (i) 0-009 rad (ii) 0-0135 rad 

(iii) 4-5 mm] 
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Find the minimum thickness of a film which will strongly 
reflect the light of wavelength 589 nm, when incident 
normally on it. The refractive index of the material of the 
film is 1-25. [Ans. 117-8 nm] 
Light of wavelength 6000 A is incident on a thin film of 
refractive index 1-5, such that angle of refraction into the 
film in 60°. Calculate the smallest thickness of the film, 
which will make it appear dark by reflection. . 
[Ans. 4 x 1077 m] 
A soap film of refractive index 4/3 is illuminated by white 
light incident at an angle 45°. The transmitted light is 
examined in a spectroscope and a bright band is found to 


be at 6000 A. Find the minimum thickness of the film. 
[Ans. 2-654 x 10-7 m] 


MISCELLANEOUS PROBLEMS 


The width of one of the two slits in a Young’s double slit 
experiment is double of the other slit. Assuming that the 
amplitude of the light coming from a slit is proportional 
to the slit width, find the ratio of the maximum to the 
minimum intensity in the interference pattern. 

[Ans. 9] 
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Two sources of intensities I and 4 I are used in an 
interfe. ence experiment. Obtain intensities at points, where 
the waves from two sources superimpose with a phase 
difference of (i) 0 (ii) 1/2 and (iii) 2.(Roorkee, 1991, 1987) 
[Ans. (i) 91; (ii) 51; Gi) 0] 
Find the maximum intensity in case of interference of n 


identical waves each of intensity I, if the interference is 
(a) coherent and (b) incoherent. (LI.T. 1986) 
[Ans. (a) n7 I, ; (b) n1,] 
A double slit arrangement produces interference fringes 
for sodium light (A = 5890 A) that are 0-40° apart. What is 
the angular fringe separation, if the entire arrangement is 
immersed in water ? Given that y for water= 4/3. 
(Rooekee, 1988) [Ans. 0-30°] 
In a Young’s double slit experiment, the angular width of 
a fringe formed on a distant screen is 0-12°. If the 
wavelength of light used is 4800 A, find the distance 
between the slits. [Ans. 2-29 x 104 m] 
The optical path of a monochromatic light is the same, if 
it goes through 2-0 cm of glass or 2:25 cm of water. If the 
refractive index of water is 4/3, what is the refractive index 
of glass ? [Ans. 1-5] 
Monochromatic light of wavelength 6000 A is used in a 
young’s double slit experiment. One of the slits is covered 


by a transparent film of thickness 1-2 x 10> m having 
refractive index 1-4. How many fringes will shift due to the 
introduction of the film ? [Ans. 8] 
In Young’s double slit experiment, the central bright fringe 
produced by light of wavelength 5600 A shifts to the 
position of 5th bright fringe, when a thin transparent film 
of refractive index 1-28 is introduced in the path of light 
from one of the two slits. Find the thickness of the film. 
[Ans. 10 m] 
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Proceed as in problem no. 2. 
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slit experiment. The distance between the slits is 1-8 mm 
and the distance of screen from the plane of slits is 1-2 m. 
(a) Find the distance of the fifth bright fringe from the 
centre of the screen for the wavelength 6000 A. (b) What 
is the least distance from the centre of the screen, where 
the bright fringes due to both the wavelengths coincide ? 
[Ans. (a) 2 mm (b) 1-6 mm] 
A double-slit apparatus is immersed in a liquid of 
refractive index 1-33. It has slit separation of 1 mm and 
distance between the plane of the slits and screen is 1-33 m. 
The slits are illuminated by a parallel beam of light, whose 
wavelength in air is 6300 A. (a) Calculate the fringe-width. 
(b) One of the slits of the appratus is covered by a thin glass 
sheet of refractive index 1-53. Find the smallest thickness 
of the sheet to bring the adjacent minimum on the axis. 
(LLT. 1996) [Ans. (a) 0-63 mm ; (b) 1-579 x 10 m] 
Find the ratio of the intensity at the centre of a bright fringe 
to the intensity at the point one quarter of the distance 
between two fringes from the centre. [Ans. 2] 
In a Young’s double slit experiment, two slits are 1-5 mm 
apart and a screen is placed at a distance 1-2 m from the 
plane of the slits. The slits are illuminated with light of 
wavelength 6000 A. Find the minimum distance from the 
central maximum for which the intensity is half of the 
maximum intensity. [Ans. 1-2 x 10 m] 


A thin film is 4000 A thick. White light from an extended 
source falls normally on the film. If the refractive index of 
film is 1-5, what wavelength within the visible spectrum 
will be intensified in the reflected beam, if visible range of 
the spectrum is 3900 A to 7800 A ? [Ans. 4800 A] 
White light is incident on a soap film at an angle 
sin! 4/5 and the reflected light on examination by a 
spectroscope shows dark bands. The consecutive dark 
bands correspond to wavelengths 6100 A and 6000 A. If the 
refractive index of the film is 4/3, calculate the thickness. 

[Ans. 1-716 x 10 m] 
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Now, a= =3 
B 0-75x 10 
The distance of 11th fringe from the first fringe is equal to 
width of 10 fringes. 
--10B=10cm or £=0-1cm=103m, 

d=05 mm=0-5 x 10° m,D=1m 
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Proceed as in problem no. 7. 
Proceed as in problem no. 7. 
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DAs 4x 1074 x 4000 x 107!” 
d- 6400 x 107 !° 
=15x104m 


B-f' =24x 104-15 x 10+ 
= 0-9 x 10-4 m (decrease) 
Proceed as in solved problem no. 5.02. 
Proceed as in solved problem no. 5.09. 


Here, d = 0-28 mm = 0:28 x 103 m 
y,= 1-2em=1-2 x 10%, 
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Proceed as in problem no. 14. 
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Proceed as in problem no. 16. 
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= 1-76 mm 
Let y be distance of point P from the centre of screen. 
When red light (A) is used : 


As nth bright fringe is formed at point P, 
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When blue light (1) is used : 
As (n + 1)th bright fringe is formed at point P, 
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From equations (i) and (ii), we have 
nDx 6000x1071? (n +1) Dx 5000 x 107° 
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i) The angular position of nth maximum, 
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(ii) The angular position of the fifth minima, 
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=45 x 103 m= 4-5 mm 
In reflected system, film appears bright (strongly reflected), 
when 


A 
2 uiticos r=Qi +) 3 


For the thickness of film to be minimum, 7 = 0 i.e. 
2utcosr=Aa/2 


For normal incidence, i = 0 and consequently r = 0. 
Dit =A fe 
A 589 
or t=— =———— = 117-8 nm 
4u 4X1-25 
For film to appear dark in reflected system, 
2utcosr=na 


For the thickness of film to be smallest, 1 = 1 
Len 2ytcos rT =A 
peveion 6000x107 a 407 
re = =4*X I 
2ucosr 2xX1-5cos 60° x 
In transmitted system, film appears bright, when 
2utcosr=na 
For the thickness of film to be minimum, 1 = 1 
ene 2 q0Ecostr =A 


or 


A 2 F 
or f= 2wcost 942 cos? 2 [2c - sin?) 
wake wales (.; w sin r = sin i) 
2 fu? - sin?i 
_ 6000x107"° 6000x1077” 
a 2, (4/3)? —'sin? 45° 2/16 /9=1/2 
= 2-654 x 10-7m 
Let 2 a and a be amplitudes of light from the two slits. 
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Here, I, =I, 1,=41 
Resultant intensity is given by 
V=1, +1) +2]; Ip cos 
(i) When = 0: 
Y=1+41+2 /1x 41 cos0=1+41+41=91 
(ii) When $ = n/2: 
I'=1+41+2 J1x 41 cosa/2=1+41+0=51 
(iii) When @ = 2: 
Y=1+41+2 /1x 4I cosw=1+41-41 =I 


(a) When interference is coherent : 
When two waves of intensities I, and I, having a phase 
difference @ interfere, the resultant intensity is given by 


I =]; + I, +2 vi I, cos @ ...(i) 
The intensity will be maximum, when 
g=0 or cosg¢=1 


2 
Inox = Ty +1, +2 JI, Ly =(Vh + yn) 


In case, n identical waves each of intensity I, interfere, 


Imax = (Vo + Io + Ip + Rebacor ntimes) =(n Ip? 


=n*'l, 
(b) When interference is incoherent : 
In such a case, phase difference @ between the two waves 
varies randomly with time. Since the average value 
of cos @ over a complete cycle is zero, the equation 
(i) becomes . 


I=], +Ip +215 Ip x0=], +I, 
In case, n identical waves each of intensity I, interfere, 


Lax =p t+1,+1,+ erees n times = n I, 


If fringes of width 8 are produced on a screen held at a 
distance D from the slits, then angular fringe width 
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When the apparatus is immersed in water : 
Wavelength of light inside water, 
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Therefore, angular fringe width, 
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= 2-29 x 104m 
If x, and x, are distances travelled by light in glass and 
water respectively, then 
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Suppose that thickness of the transparent film is t. When 
the light travels through the film, its optical path is p t (as 
air is replaced by material of refractive index py). Thus, 
when light travels in the transparent film, the optical path 
changes by p t — tie. (u—1) t. 

One fringe shifts, when optical path changes by one 
wavelength. Therefore, number of fringes shifted due to 
introduction of the film, 


_(u-1)t_ (1-4-1)x1:2«10, 


A 6000 x 10719 
Proceed as in problem no. 34. 
5DA_5x1- 2x 6000 x 10° 1° 


(0) ¥5 rte 1:8x10° 


=2x107?m =2mm 
(b) Suppose that n,th bright fringe of wavelength 4, 
(= 4800 A) coincides with nyth bright fringe of wave- 
length A, (= 6000 A). Then, 


m DA, _ m2 DAz in m Ag 
d d my Ay 
m _ 6000_ 5 
Pre ie AASOD A 


Since n, and Ny are integers, the minimum values of n,and 
n, satisfying the above equation are 5 and 4 respectively. 
The distance of 5th bright fringe for wavelength 4800 A (or 
4th bright fringe for wavelength 6000 A) is given by 
_5DA_5x1-2x 4800x1019 | 
rg 1-8x10~9 
=1-:6X 10°? m=1-6 mm 
(a) When apparatus is immersed in a liquid of refractive 
1-33 x 6300 x 107° 


index y, 
po DA elle eA hes 
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= 0:63 x 10-3 m = 0-63 mm 
(b) Refractive index of glass sheet w.r.t. water, 
1-53 


Suppose that one of the slit is covered with the glass sheet 
of thickness t. When light travels through the sheet, the 
optical path travelled i is p't and hence the optical path 
changes by wv’ t-—ti.e. (u’ - 1) t. The adjacent (first) 
minimum will shift on axis (centre of screen), if the change 


ha 
in optical path is > 2 - Thus, 


, 
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~ 2uQ’=1) 2x1-33(1-15=1) 
= 1.579 x 10m 
If is phase difference, when two waves of amplitudes a, 
and a, superpose each other at a point, then 
I=a,? + a)? +2, a, cos 
In case, two waves have same amplitude a, 
T=a* +a2+2 0? cos ¢ =2 a2 (1 + cos ¢) 
let I, be intensity at the centre of a bright fringe. A bright 
fringe is formed, when ¢ is equal to 0. 


or 
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1, =2a2 (1+ cos 0) =4 07 . 
The points at the centre of the two bright fringes differ in 
phase by 2 a. Therefore, points at distance one quarter of 
the distance between two bright fringes will differ in phase 


Dat 
by 4 he: /2. 


If I, is intensity at such a point, then 

1, =2 a? (1 + cos 2/2) = 2a? 
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Refer to problem no. 38. . 
The intensity at the bright fringe = 4 a” 
Let be phase difference between the light waves, when 
the intensity is one half of the maximum intensity (i.e. 
bright fringe). Then, 


1 
2 a2 (1+ cos ¢) = 5 (4a2) or cos¢=0 
or p=n/2 


DA 
The first bright fringe is located at a distance aa from 
the central maximum and their centres differ in phase by 
2 x. Therefore, distance of the point from the central 
maximum differing in phase by 2/2 is given by 
-1(P4). 1:2x 6000 x 1077” 
ova A 4x1-5x10° 

Since light is incident normally, r = 0 
For film to appear bright in reflected system, 


=12x10¢m 


A 
2utcosr=(2n+1) oi where n = 0, 1, 2 ......- 


A 
or 2ut=(2n+1) 9 Band 
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4x1:5x 40 24000. 
or A= —— = —— 
(2n+1) (2n+1) 
24000 
= A=—— = 
For n=0, OTT 24000 A, 
For n=1, A= a = 8000 A, 
2x1+1 : 
24000 
For n=2,A= sop ey 
24000 
For n=3,A= pire = 3428.6 A 


Since visible range of spectrum is-from 3900 A to 7800 A, 


the light of wavelength 4800 A will be intensified. 
Here, sin i = 4/5 


or cosr=1—sin2r = J 1- (0-6)? =0°8 
For film to appear dark in reflected system, 
2 ut cos r=nA, where n = 1, 2, 3....... 
Suppose that n and (n + 1) th dark bands correspond 


to wavelengths 6100A and 6000 A respectively. Then, 
2x =x 1% 0-8=n x 6100% 10" (i) 


and 2x =X #%0-8= (n+ 1) x 6000% 107"? .-(ii) 


From equation (i) and (ii), we have 
n x 6100 x 10-19 = (n + 1) x 6000 x 10-10 
or n = 60 
Substituting for 1 in equation (i), we have 
2x 3X tx0-8=60x 6100 x 10~!° 


or t=1-716 x 10° m 


Mam 6.01. DIFFRACTION OF LIGHT 

Light travels in a straight line. As a result, light casts the shadow of the object 
coming in its path. When a narrow slit AB is placed in the path of the light, only 
the part A’B’ of the screen should get illuminated and no light should enter the 
regions A'X and B’Y of the screen as shown in Fig. 6.01. On the other hand, when 
an obstacle AB is placed, then its distinct geometrical shadow A’B’ would be 
obtained on the screen [Fig. 6.02.]. 

It happens so only when the size of the slit or the obstacle is large. However, if 
the size of the slit or the obstacle is made small, then light enters.in the geometrically 
prohibited regions, showing thereby that the light bends round the corners of the 
slit or the obstacle. 

The phenomenon of bending of light round the sharp corners and spreading into the 
regions of the geometrical shadow is called diffraction. 

The light waves are diffracted only when the size of the obstacle is comparable 
to the wavelength of the light. 

In principle, all the types of wave motion exhibit diffraction effect. The 
diffraction of radiowaves and sound waves is readily observed in practice. 

Diffraction of light is of two types : 

1. Fresnel diffraction. It is the type of diffraction that takes place at a slit, when the 
source of light lies at a finite distance from it. Since the source of light is close to the 
slit, the wave front is either spherical (in case of point source) or cylindrical (in case 
of a line source) in nature. The screen is also at a finite distance from the slit. 

2. Fraunhofer diffraction. It is the type of diffraction that takes place at a slit, when 
a plane wavefront is incident on it and the wavefront emerging from the slit is also plane. 
Obviously, both the source and the screen should be at infinite distance from the 
narrow slit. 

However, in the laboratory, to make a plane wave-front incident on the slit, a 
convex lens is used between the source and the slit. Further, to bring the emergent 
(diffracted) wave front on the screen, again a convex lens is used between the slit 
and the screen. 

Frensel gave the exact explanation of the phenomenon of diffraction. According 
to him, diffraction is due to the interference of secondary wavelets originating from 
the portion of the primary wavefront, which is not blocked by the slit or the obstacle. 


ME 6.02. DIFFRACTION AT A SINGLE SLIT (Fraunhofer Diffraction) 
Consider that a monochromatic source of light S, emitting light waves of 
wavelength 4, is placed at the principal focus of the convex lens L,. Aparallel beam 
of lighti.e. a plane wave-front gets incident on a narrow slit AB of widtha as shown 
in Fig. 6.03. The diffraction pattern is obtained ona screen lying at a distance D from 
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nd at the focal plane of the convex lens L,. The diffraction pattern is found 
co have central maxima at the centre O of the screen, which is flanked on both the 
sides by a number of dark and bright bands, called secondary maxima and 
ninima. The diffraction pattern is obtained on the screen, which lies at the focal 
plane of the convex lens L>. According to rectilinear propagation of light, a bright 
image of the slit is expected at the centre O of the screen. But in practice, we get a 
diffraction pattern i.e. a central maximum at the centre O flanked by a number of 
dark and bright fringes called secondary maxima and minima on either side of the 
point O. It is found that 
(i) the width of the central maximum is twice as that of a secondary maximum and 
(ii) the intensity of the secondary maxima goes on decreasing with the order of maxima. 

These observations can be explained on the basis of the phenomenon of 
diffraction as below : 

Central maximum. According to Huygens’ principle, when light falls on the 
slit, it becomes a source of secondary wavelets. These wavelets are initially in phase 
and spread out in all directions. Let C be the centre of the slit AB. The wavelets which 
fall on the lens in a direction parallel to CO meet at point O in the same phase. This 
is because, the wavelets are initially in phase and their optical paths between the 
slit and the point O are also equal. Therefore, the wavelets reinforce each other and 
give rise to the central maximum at point Or 

Positions and widths of secondary maxima and minima. Consider a point P 
on the screen at which wavelets travelling in a direction making angle 6 with CO 
are brought to focus by the lens. The wavelets from different parts of the slit do 
not reach point P in phase, although they are initially in phase. It is because, they 
cover unequal distances in reaching the point P. The wavelets from points A and B 
will have a path difference equal to BN. From right angled A ANB, we have 

BN = AB sin 6 

or BN = asin 6 ...(6.01) 

Suppose that the point P on the screen is at such a distance from the centre of 
the screen that BN =A and the angle 6 = 6,. Then, equation (6.01) gives 
A=asin 6, 


A 
or sin 6, =— ..(6.02) 


Such a point on the screen will be the position of first secondary minimum. It 
is because, if the slit is assumed to be divided into two equal parts, then wavelets 
from the corresponding points of the two halves of the slit will have a path difference 


of 2 i.e. wavelets from the two halves will reach the point P on the screen in opposite 


phase so as to produce minimum. 
Similarly, if the point P on the screen is at such a distance from the centre of 
the screen that BN = 24 and angle 0 = 6,, then from equation (6.01), we have 


2a 
or sin 6, = —— 
a 


Such a point on the screen will be the position of second secondary minimum. 


In this case, the slit may be assumed to be divided into four equal parts and wavelets 


from the corresponding points of the two adjacent parts of the slit will possess path 


A Hine 
difference —. As the wavelets reach in opposite phase, minimum Is produced at 


the point P on the screen. 
In general, for nth minimum at point P, 
A 
sin 6, = — (6.03) 
a 
If y,, is the distance of the nth minimum from the centre of the screen and D is 
the distance between the slit and the screen, then from right angled A COP, we have 


t 6 PRE 
an wi CO 
Se gone a (6.04) 


In case 6, is small, 
sin 6, ~ tan 6, 
Therefore, from equations (6.03) and (6.04), we have 


Yn 14 
D \ ...(6.05) 
nDa 
or Yn = . 
The width of the secondary maximum, 
nDA (n-1)DA 
B =U nV = 4 - 
DA 
p=— ...(6.06) 


a 
Since # is independent of n, all the secondary maxima are of the same width B. 
On the other hand, if point P on the screen is at such a distance from the point 


3A 
O that BN = ame and angle @ = 0,’, then from equation (6.01), we have 


sin 0 1 = ek 
2a 
Such a point on the screen will be the position of first secondary maximum. In 
this case, the slit may be assumed to be divided into three equal parts ; the wavelets 
from the first two parts will reach point P in opposite phase, cancelling the effect 
of each other. The wavelets from the third part of the slit remain uncancelled and 
produce the first maximum at point P. 


' 5A 
Similarly, corresponding to BN = — and angle 6 = 6,’ , the second secondary 


maximum is produced, such that 


sin 05 a ad 
2a 
In this case, the slit may be assumed to be divided into five equal parts ; the 
wavelets from first four parts cancel the effect of each other, while the wavelets from 
the fifth part produce the second secondary maximum at point P. 
In general, for nth maximum at point P, 
(2n+1)A 


sin 6, = iY hab ...(6.07) 


If y,,’ is the distance of nth maximum from the centre of the screen, then the 
angular position of the nth maximum is given by ; 


tan 0,’= as ...(6.08) 


In case 6,,' is small, sin 6,’ = tan Cy 
Therefore, from equations (6.07) and (6.08), we have 


, (2n+DDA 
Yn meh ahs Uh ... (6.09) 


The width of the secondary minimum, 
pieslyy cata _(2nt+)A_ {2(n-1)-1A 
=Yn Yni= ce 2a 


D 
or pe ” ...(6.10) 


a 

Since B’ is independent of n, all the secondary minima are of the same 
width ’. 

Further, from equations (6.06) and (6.10), it follows thatB =’ i.e. all the secondary 
maxima and minima are of the same width. “4 

Width of central maximum. The central maximum extends upto distance y, 
(the distance of first secondary minimum) on both sides of the centre of the screen. 

Therefore, width of the central maximum, By = 2 y, 

In equation (6.04), setting n = 1, we-have rh ayierri 


w= anorievew orace ost 
740-753-B 


2DA 
Therefore, By = : ...(6.11) 

It follows that, = 2B i.e. the central maximum is twice as wide as any other secondary 
maximum or minimum. 

The angular position (0;) of the first secondary minimum is called the half 
angular width of the central maximum. It is given by equation (6.02). 

Therefore, angular spread of light in the form of central maximum takes place 
in the angle + 6). 

From the above discussion, it follows that in diffraction from a single slit, the 
secondary maxima and minima are of equal width. However, the intensity of light 
of a secondary maximum goes on decreasing with the order of the maximum. It is 
because, the intensity of central maximum is due to wavelets from all parts of the 
slit, the first secondary maximum is due to wavelets from one third part of the slit 
only (first two parts send wavelets in opposite phase), the second secondary 
maximum is due to wavelets from the fifth part only (first four parts send wavelets 
in opposite phase) and so on. Hence, intensity of secondary maxima goes on decreasing 
as shown in Fig. 6.04. 

Discussion. 1. From equations (6.06) and (6.11), it follows that the width of a 
secondary maximum or the central maximum is directly proportional tod. Therefore, 
greater the wavelength of the light used, greater is the width of the maximum. 

2. From equation (6.06), it follows that the width of a secondary maximum is 
inversely proportional to a, the width of the slit. Therefore, as the width of the slit 
is increased, the secondary maximum will become narrower. In case of a sufficiently 
wide slit, the secondary maxima and minima become invisible and only the central 
maximum is obtained, which corresponds to the sharp image of the slit. In other 
words, the distinct diffraction pattern will be obtained only in the case of a narrow slit. 


gue 6.03. FRESNEL DISTANCE 


The distance of the screen from the slit, so that spreading of light due to diffraction 
from the centre of screen is just equal to size of the slit, is called Fresnel distance. It is 
denoted by Zr. 

The diffraction pattern of a slit consists of secondary maxima and minima on 
the two sides of the central maximum. Therefore, one can say that on diffraction 
froma slit, light spreads on the screen in the form of central maximum. The angular 
position of first secondary minimum is called half angular width of the central 
maximum and it is given by 


6 1 = A 
a 
If the screen is placed at a distance D from the slit, then the linear spread of 
the central maximum is given by 


DA 
ime ome 


(provided @, is small) 


It is, in fact, the distance of first secondary minimum from the centre of the 
screen. It follows that as the screen is moved away (D is increased), the linear size 
of the central maximum i.e. spread of light on the screen goes on increasing. 

From the definition of Fresnel distance, 


when D = Zr, y,=4 (size of the slit) 
Setting this condition in the above equation, we have 
pd Zpa 
a 
az 
LZe=— :..(6.12) 
or F z 


It follows that if screen is placed at a distance beyond Zr, the spreading of light 
due to diffraction will be quite large as compared to the size of the slit. 


gus 6.04. INTERFERENCE AND DIFFRACTION (Points of difference) 


Following are the main points of difference between interference and 
diffraction : 

1. Interference is the result of interaction of light coming from two different 
wavefronts originating from two coherent sources, whereas diffraction pattern is 
the result of interaction of light coming from different parts of the same wavefront. 


SECOND MAXIMUM | 
FIRST MAXIMUM <a 


CENTRAL 


<I] 


Fig. 6.04 


‘In the diffraction pattern produced by a 
single slit, intensity of secondary maxima 
goes on decreasing with the order of the 


[ca 


2. In interference, the fringes may or may not be of the same wi 
diffraction, the fringes are always of varying width. 

3. In interference, the fringes of minimum intensity are perfectly dark (provided 
light waves are of same amplitude), whereas in diffraction, the fringes of minimum 
intensity are not perfectly dark. ‘ 

4. In interference, all the bright fringes are of same intensity ; while in diffraction, 
the bright fringes are of varying intensity. 

5. In the interference pattern, there is a good contrast between bright and dark 
fringes. On the other hand, in diffraction pattern, the contrast between bright and 
dark fringes is comparatively poor. 


mam 6.05. RAYLEIGH’S CRITERION OF LIMITING RESOLUTION 


The optical instruments are based on the laws of geometrical optics. Therefore, 
the image cf a point object produced by an optical instrument must be a geometric 
point. In practice, the image of a bright geometric point produced by a lens is never 
a geometric point. It is always a circular patch of light witha bright disc at the centre 
surrounded by alternate dark and bright rings. It arises because of diffraction of light. 

If two bright point objects lying very close to each other are seen with a naked 
eye or with the help of an optical instrument (a microscope or a telescope), then they 
may or may not be seen as two separate distinct objects due to the overlapping of koe ainda it 
their diffraction patterns. ONESIES G EARL RR ED ay 


The smallest separation (linear or angular) between the two point objects at which they — I 
appear just separated is called the limit of resolution of an optical instrument andthe : 
reciprocal of the limit of resolution is called its resolving power. “ i 

Whether the two objects are seen as two separate point objects or not,depends — () \ / \ 


on the separation between the centres of the bright discs of the images of the two ee 100) 
objects. Therefore, when two objects are seen with a naked eye or with the help of et sie 
an optical instrument the two objects may be just resolved, well resolved or ~ ee ee 
unresolved as explained below : ait of + j ; 

1. The two objects are said to be just resolved, if the separation between the 
central maxima of the two objects is just equal to the distance between the central 
maximum and the first minimum of any of the two objects [Fig. 6.05]. 

2. The two objects are said to be well resolved, if the separation between the 
central maxima of the two objects is greater than the distance between the central 
maximum and the first minimum of any of the two objects [Fig. 6.06]. 

3. The two objects are said to be unresolved, if the separation between the central 
maxima of the two objects is less than the distance between the central maximum 
and the first minimum of any of the two objects [Fig. 6.07]. 

These results are called Rayleigh’s criterion of limiting resolution. 

Therefore, it follows that diffraction limits the resolving power of an optical 
instrument. 


mum 6.06. RESOLVING POWER OF A MICROSCOPE 


Resolving power of a microscope is defined as the reciprocal of the least separation 
between two close objects, so that they appear just separated, when seen through the 
microscope. 

Consider that a point object is illuminated with the light of wavelength A and 
is seen through a microscope. The rays of light scattered from the object enter the 
objective of the microscope in a cone of semi-vertical angle 6 [Fig. 6.08]. The least 
separation between the two objects, so that they appear just separated is given by 

A 


“5 sine. i ...(6.13) 
where // is refractive index of the medium between the objective of the microscope 
and the object. 


The least distance given by equation (6.13) is called the limit of resolution of 
the microscope. 
From definition, the resolving power of the microscope is given by \ 


; Y 1 22usine ' 
resolving power of microscope, aan oe (6.14) ve 
From the above expression, the following conclusions can be drawn : PAE f ’ a i; {oA 89 8 indido: 
1. The resolving power of a microscope increases with increase in the value of Y Argtistavae Io Jat Site! 
the refractive index of the medium between its objective and the object. CRE Aire ne 


(39-754. 


or th 
solving power. 


immersion objective microscopes are used to achieve high 


2. The resolving power of a microscope increases’ with decrease in the value 


the wavelength of the light used to illuminate the object. 


Since wavelength of ultraviolet light is less than that of the visible light, the 
croscopes employing ultraviolet light for illuminating the objects are used to 
hieve high resolving power. Such microscopes are called ultra microscopes. 

Still higher resolving power is obtained in electron microscope. 


ms 6.07. RESOLVING POWER OF ATELESCOPE 


Resolving power of a telescope is defined as the reciprocal of the smallest angular 
aration between two distant objects, so that they appear just separated, when seen through 


, telescope. 


Consider that two distant objects are observed through a telescope, whose 
jective is of diameter D. Let / be the wavelength of the light, in which the objects 


2 observed. The smallest angular separation between the two objects, so that they 


pear just separated is found to be 


1-224 


dg (6,0) 


From the definition of the resolving power of the telescope, we have 
D 


lvi f ace. 
resolving power of telescope, TA Teo He 


Key point of 


The resolving power of a microscope or 
a telescope increases, when light of 


smaller wavelength is used. 


...(6.16) 


From the above expression, it follows that the resolving power of a telescope 
creases, when objective of larger diameter is used or light of smaller wavelength 


used to see the objects. 
Sp ae Cue te eens aa eat 


SOLVED NUMERICAL PROBLEMS 


ype A. On Diffraction from a single slit 


Problem 6.01. Light of wavelength 6000 A froma 
istant source falls on a slit 0-5 mm wide. What is the 
stance between the two dark bands on each side of the 
ntral bright band of the diffraction pattern observed on 
screen placed 2-0 m from the slit ? Oiere ee Ey eg dT A) 

Sol. Here, a = 0-5 mm = 0-5 x 107m; 

4= 6000 A = 6000 x 10°79 m;D=2-0m; 

The distance between the two dark bands on each side 
‘the central band is equal to width of the central bright band 

2DA 


> 


a 
Therefore, required distance 


_2DA_ 2x2-0x 6000x107" 
a 0-5x10° 
=4.8x 10° m=48mm 
Problem 6.02. Light of wavelength 5900 x10-"° m falls 
ormally on a slit of width 11-8 x 107 5 cm and the resulting 
raunhofer diffraction is received on a screen. Calculate the 
ngular position of the first minimum. Also find the 
ngular width of the central maximum. eee Bi Sad ei 
Sol. Here, A = 5900 x 10-19 m ; 
a=11-8x10°cm=11-8x 10’ m, 
The angular position of first minimum is given by 
a _ 5900 x 107'° 
a 11-8107 
The angular width of central maximum, 
2.0, =2 x 30° = 60° 
Problem 6.03. A slit of width a is illuminated by mono- 


hromatic light of wavelength 650 nm at normal incidence. 
‘alculate the value of a, when (a) the first minimum falls 


=0-5 or 6,=30° 


sin 6, = 


at an angle of diffraction of 30°, (b) the first maximum falls 
at an angle of diffraction of 30°. (C.B.S.E. 2002) 
Sol. (a) For first minimum at angle 6,, we have 


sin 6; = fs 
a 
Here, A = 650 nm = 600 x 10°? m ; 6; = 30° 
ee x10? 650x107 
sin@,  sn30° 0-5 
=13x10%m 
(b) For first maximum at angle 6,’, we have 
3A 
sin 64 ‘= — 
2a 
Here, 4=650x 10?m;6,/=30° 


_ 3A 3x650x10 _ 3x650x10~ 
Tein 0; toe nO ee eo 
=1.95x10°m 
Type B. On Fresnel distance 
Problem 6.04. Light of wavelength 600 nm is incident 
on an aperture of size 2 mm. Calculate the distance upto 
which the ray of light can travel, such that its spread is less 
than the size of the aperture. (C.B.S.E. 1996) 
Sol. Here, 4 = 600 nm = 600 x 10° m; 
a=2mm=2x10°m 
ean OFS (eal 
A 600x 10? 


=6:67m 


Now, required distance, Zp = 


Type C. On Resolving power 

Probelm 6.05. A telescope is used to resolve two stars 
separated by 4-6 x 10° radian. If the wavelength of light 
used is 5460 A, what should be the aperture of the objective 
of the telescope ? 


- affected ? 


Sol. Here, do = 4 e x 10 i 
4 = 5460 A = 5460 x 10-1 m 
The aperture (D) of the telescope is ying a 


Problem 6.06. In a simple slit diffraction experiment, 

first minimum for red light (660 nm) coincides with 
first maximum of some other wavelength’. Find the value 
of i’. 

Sol. The angular position of first minimum for red light 
of wavelength /, is given by 


Ai ois 
a 


The angular position of first maximum for light of 
wavelength A’ is hig by 


Q. 6.01. What is diffraction of light ? (H.S.S.C.E. 2002) 

Ans. The phenomenon of bending of light round the sharp 
corners and its spreading into regions of the geometrical shadow is 
called diffraction. 

Q. 6:02. Does phenomenon of diffraction help us to 
decide about the longitudinal or transverse nature of light ? 

Ans. No. 

Q. 6.03. What are the reasons to believe that light is a 
wave motion ? (P.S.S.C.E. 2000) 

Ans. The phenomena of interference, diffraction and 
polarisation establish the wave nature of light. 

Q. 6.04. State the condition for diffraction of light to 
occur. (C.B.S.E. 2001) 

Ans. The size of the obstacle should be of the order of 
the wavelength of light used. 

Q. 6.05. What should be the approximate slit size to 
observe light diffraction with it ? (HESS, CE. $994) 

Ans. The size of the slit should be of the order of the 
wavelength of the light used. 

Q. 6.06. What should be the order of size of obstacle/ 
aperture for diffraction of light ? (H'S.S.C.E/ 1995) 

Ans. The diffraction in light is observed only, when the 
size of the obstacle is of the same order as the wavelength of 
the light. 

Q. 6.07. Yellow light is used in a single slit diffraction 
experiment with slit width of 0-6 mm. If yellow light is 
replaced by X-rays, how will the diffraction pattern be 
i Yere Lo) 

Ans. Since wavelength of X-rays is very small as com- 
pared to the size of the slit, no diffraction pattern will be 
observed. 


sin 0; = 


.Q. 6.01. 1. Why i is diffraction of sound waves easier r to 
observe than diffraction of light waves ? 
Arey! Base 2002, 1997) 


1-22 5460 x 107° 


al ee 
do 4-6x10~° 
= 0-1448 m 


: cuomattn STUFF - CONCEPTUAL NUMERICAL PROBLEMS 


For ambitious, brilliant & curious Students 


spy 
sin 0,'= is { wi 
As the first minimum for red light coincides with the fir 
maximum for wavelength 4’, 
sin 0, = sin 0,’ 
Therefore, from equation (7) and (ii), we have 


: 2A 
2a a 3 
, 2X 660 
or y= 5 = 440 nm 


FREQUENTLY ASKED VERY SHORT ANSWER “.UESTIONS 


With Answers/Hints 


Q. 6.08. What is the condition for first minimum in ca: 
of diffraction due to a single slit ? (H3.5.CE, 199 


Ans. The angular position of first minimum, 6, = — 


a 

Q. 6.09. What is the basic difference between inte 
ference and diffraction of light ? 

Ans. Interference is the result of superposition of fi 
waves from two sources, whereas diffraction takes place du 
to interference of light waves from the different parts of tl 
same source of light. 

Q. 6.10. A diffraction grating has 5000 lines per cr 
What is its grating element ? GR ln 


1 
Ans. Grating element = =~ =2 x 10+ 
s. Grating elemen 5000 2x cm 


Q. 6.11. Define the resolving power of an optic: 
instrument. (L.S.C.E. 1994 ; C.B.S.E. 199 
Ans. The smallest separation (linear or angular) between tl 
two points objects at which they appear just separated is called tl 
limit of resolution of an optical instrument. 
The reciprocal of the limit of resolution is called its resolvir 
power. 
Q. 6.12. Define resolving power of a telescope. 
(P.S.S.G.F. 1999 | 
Ans. Refer to SAQ. 6.15. 
'Q. 6.13. How does resolving power of a telescorp 
change on decreasing the aperture of its object lens ? Justif 
your answer. (Oey SO ce 5 ke 


Ans. Resolvi f a tel = 
ns. Resolving power of aiteléstope = 


Therefore, on decreasing aperture (D) of objective len 
the resolving power of telescope decreases. “) 3 | 


FREQUENTLY ASKED SHORT ANSWER QUESTIONS _ 


With Answets/Hirifs! = gi 


i ‘20.2, G 


ba Sle 
£ 


Or 
Why can sound waves E 'be Ae more easily tha 


light waves? 0 bn eis 1999's, 199: 


Ih SIOME eS 


TOWESG TAFOY A 


Or 

Diffraction is common in sound but not common in 
ight waves. Why ? (H.S.S.C.E. 1994) 

Ans. For diffraction to take place, the size of the obstacle/ 
aperture should be of the order of the wavelength of the 
waves. Since the wavelength of light (~ 10 m) is very small 
4s compared to the size of the obstacle/aperture around us, 
ight cannot be diffracted readily. On the other hand, as 
wavelength of sound is of the order of such objects, it gets 
diffracted easily. 

Q. 6.02. Radiowaves diffract pronouncedly around 
buildings ; while light waves, which are electromagnetic 
waves, do not. Why ? [HPS SCE 1998 Ss) 

Ans. For a wave to undergo diffraction, its wavelength 
should be of the size of the obstacle. The radiowaves (particu- 
larly short radiowaves) have wavelengths of the order of the 
size of the building and other obstacles coming in their way 
and hence they easily get diffracted. 

Since wavelength of the light waves is very small, they 
are not diffracted by buildings. ‘ 

Q. 6.03. Coloured spectrum is seen, when we look 
through a muslin cloth. Why ? (HPS, SuC.E. 1997) 

Ans. Muslin cloth is made of very fine threads and as 
such fine slits are formed. White light passing through these 
slits gets diffracted giving rise to coloured spectrum. The 
central maximum will be white while the secondary maxima 
will be coloured. It is because, position of all the secondary 
maxima (except central) depends upon wavelength of the 
light. 

Q. 6.04. Coloured spectrum is observed, when we see 
through muslin cloth. But no such spectrum is observed, 
when we see through coarse cloth. Why ? 

Ans. Refer to SAQ 6.03. 

Ina coarse cloth, the slits formed due to threads are very 
wide and hence no such spectrum is seen. 

Q. 6.05. A slit of width a is illuminated by monochro- 
matic light at normal incidence. Draw the intensity distri- 
bution curve observed on the screen due to diffraction. 

(G:B.S.E.°1993) 
Or 

Draw the intensity pattern obtained in a single slit 
diffraction experiment. 5:C.E., $994) 

Ans. Refer to Fig. 6.04. 

Q. 6.06. What two main changes in diffraction pattern 
of a single slit will you observe, when the monochromatic 
source of light is replaced by a source of white light ? 

(CBS. EU1997) 

Ans. 1. In each diffraction order, the diffracted image of 
the slit gets dispersed into component colours of white light. 

2. In higher order spectra, the dispersion is more and it 
results in overlapping of different colours. 

Q. 6.07. Prove that the central maxima is twice as wide 
as any other secondary maxima in the diffraction of a single 
slit. ot, T23 (H.P.S.S.C.E. 1999) 
Ans. Refer to section 6.02. 

Q. 6.08. In a single slit diffraction pattern, how is the 
width of central bright maximum changed, when (a) the slit 
widths decreased, (0) the distance between the slit and the 
screen is increased and (c) light of smaller wavelength is 


used. Justify your answer. (C.B.S.E. 2002, 1994) 


Ans. The width of central maximum is given by 
2DA ; 
B= ; sul) 
a 


where the letters have their usual meanings. 
(a) Effect of slit width. From equation (i), it follows that 


By & 3 Therefore, as the slit width is decreased, the width 


of central maximum will increase. 

(b) Effect of distance between slit and screen. From 
equation (1), it follows that 8, « D. Therefore, as the distance 
between slit and the screen is increased, the width of central 
maximum will also increase. 

(c) Effect of wavelength of light. From equation (i), it 
follows that B, « A. Therefore, as the light of smaller 
wavelength is used, the width of central maximum will 
decrease. 

Q. 6.09. In the diffraction of a single slit experiment, 
how would the width of and the intensity of central 
maximum change, if (a) slit width is halved and (b) visible 
light of longer wavelength is used ? (C.B.S.E. 2001) 

Ans. (a) The intensity of central maximum will become 
one fourth. 

(b) The intensity of central maximum will decrease. 

Q. 6.10. Give two differences between fringes formed 
in single slit diffraction and Young’s double slit 
experiment. (C.B.S.E. 1996) 

Ans. 1. In Young’s experiment, all the bright fringes 
formed are of the same intensity, whereas in single slit 
diffraction experiment, the bright fringes are of varying 
intensity. 

2. In Young’s experiment, fringes of minimum intensity 
are perfectly dark, whereas in slit diffraction experiment, 
fringes of minimum intensity are not perfectly dark. 

Q. 6.11. Give two points of difference between the 
phenomenon of interference and diffraction of light. 

(H.PS.S.C.E. 2001 ; P.S.S.C.E. 1999 S, C.B.S.E. 1995) 

Ans. Refer to section 6.04. 

Q. 6.12. Give three points of difference between the 
phenomenon of interference and diffraction of light. 

(P.S.S.C.E. 2002, 2001, 1999 S) 
Or 

Distinguish between interference and diffraction of 

light. (PS.S.C.E. 1999 ; H.S.S.C.E. 1999 ; C.B.5.E, 1994; 
H.PS.S:C.E. 1993 ; PS.S.C.E. 1993) 

Ans. Refer to section 6.04. 

QO. 6.13. Define resolving power of a compound 
microscope. On what factors does it depend ? 

(P.S.S.C.E. 2001) 

Ans. Resolving power of a microscope is defined as the 
reciprocal of the least separation between two close objects, so that 
they appear just separated, when seen through the microscope. 

The resolving power of a microscope depeds upon the 
wavelength (A) of the light used and the value of the semi- 
vertical angle (0), the object makes at the objective of the 
microscope. (Refer to Fig. 6.08). 

QO. 6.14. How does the resolving power of a com- 
pound microscope change on (i) decreasing the wave 
length of light used, and (ii) decreasing the diameter of 
its object lens ? (C.B.S/E° 1998) 
2 sin @ 


Ans. Resolving power of microscope = 7 


(i) On decreasing wavelength of light, resolving power 
will increase. 

(ii) On decreasing diameter of objective lens, semi- 
vertical angle @ will decrease and hence resolving power will 
decrease. 

Q. 6.15. Define resolving power of a telescope. On 
what factors does it depend ? (P.S.S.C.E. 2001) 

Ans. Resolving power of a telescope is defined as the reciprocal 
of the smallest angular separation between two distant objects, so 
that they appear just separated, when seen through the telescope. 

The resolving power of a telescope depends upon the 
wavelength (A) of the light used and the diameter or aperture 
(D) of the objective of the telescope. 

Q. 6.16. Define (i) resolving power and (ii) magnifying 
power of a telescope. (C°B.5.£, 1997) 

Ans. (i) Resolving power, Refer to SAQ. 6.15. 

(ii) Magnifying power, Refer to section 3.04 — Chapter 3. 

Q. 6.17. How will the resolving power of a compound 
microscope be affected, when (i) the frequency of light used 
to illuminate the object is increased, and (ii) the focal length 
of the objective is increased. Justify your answer in each 
case. (C.B.S.E. 1997) 


Q. 6.01. Why do we fail to observe the diffraction from 
‘cee a wide slit illuminated by monochromatic light ? 

Ans. When the size of the slit is large, the central 
maximum is small in size and the variation in the intensity 
of the other maxima and minima is so small that they cannot 
be distinguished. That is why, we fail to observe the diffrac- 
tion pattern from a wide slit illuminated by monochromatic 
light. 

Q. 6.02. Why are diffraction effects more prominent 
o through a slit formed by two blades than through a slit 

ormed by two fingers ? 

Ans. The diffraction pattern can be observed by forming 
a slit with the help of two blades or two fingers. However, 
the diffraction pattern will be observed clearly only, if the slit 
formed is fine and the edges of the blades/ fingers are parallel. 
Since such an adjustment can be nicely done in case of two 
blades, the diffraction effects are more prominent through the 
slit formed by two blades than through the slit formed by two 
fingers. 

Q. 6.03. Two students are separated by a7 m partition 

wall in a room 10 m high. If both light and sound 
waves can bend around obstacles, how is it that the students 
are unable to see each other, even though they can converse 
easily ? (C.B.S.E. 1990 ; Text Question) 

Ans. For pronounced diffraction effect, the size of the 
obstacle should be comparable to wavelength of the waves. 
The size of partition is very large as compared to the 
wavelength of light and hence it is not diffracted and the two 
students cannot see each other. 

The wavelength of sound waves is of the order of the 
height of partition. It causes sound to diffract and hence they 
can converse with each other. , 

Q. 6.04. What happens to the diffraction of a single slit, 

when the slit is turned through angle 6, instead of 
holding the slit perpendicular to the path of the light ? Ex- 
plain. peasy 


Ans. Resolving power of 
_2pusn@d 2vyusind 


i (2 c=VvA) 

(i) When the frequency of light is increased, resolving 
power will increase. 

(ii) When focal length of objective is increased, distance 
between object and objective will increase. It will lead to a 
decrease in the value of angle 6 and hence resolving power 
will decrease. 

Q. 6.18. Define resolving power of a telescope. How 
does diffraction limit its resolving power ? : 
(C.IASIE, "3898 Sa 

Ans. Resolving power. Refer to SAQ 6.15. 

For remaining part of SAQ 6.18, refer to section 6.05. 

Q. 6.19. Calculate the resolving power of a telescope, 
whose objective lens has an aperture of 1-0 m for the wave- 
length of light 500 nm ? CS ET 99S oy 

Ans. Here, D = 1-:0m;4 = 500 nm = 500 x 10-7 m 

Resolving power of telescope 

1-0 


5 bs = 1-64 x 10° 
1-220 1-22x500x10~ 


TECHIE STUFF = CONCEPTUAL SHORT ANSWER QUESTIONS” =" 


For ambitious, brilliant & curious Students 


Ans. When the slit is rotated from position AB to A’B’ 
through angle @ [Fig. 6.09], the path difference between the 
rays reaching the centre of screen remains zero. It is because, 
the extra path AA’ covered by the light to travel from source 
of light to the top edge of the slit is compensated for by the 
extra path BB’, the light travels from the bottom edge of the 
slit to the screen. As a result, the central maximum does not 
move. 


Fig. 6.09 
It follows that the effective width of the slit decreases, 
when the slit is turned through angle @. Ifa is the width of the 
slit, then on rotating through angle 0, its width decreases to 
acos@. Since the slit becomes narrower, the diffraction pattern 
becomes wider. 


Q. 6.05. In a single slit diffraction experiment, the 

width of the slit is made double the original width. 
How does this affect the size and intensity of the central 
diffraction band ? (C.B.S.E. 2001 S ; Text Question) 

2DaA 
Ans. The width of central maximum =——— 
a hy 

If the width of the slit (2) is made double of the original, 
the width of central diffraction band will reduce to half. 

The intensity of the central diffraction band’ will become 
four times. 


ha 
my as 


rw Pir 26 0 


Q. 6.06. When a tiny circular obstacle is placed in the 

path of light from a distance source, a bright spot is 
2en at the centre of the shadow of the obstacle. Explain, 
Thy. (Text Question) 

Ans. The central bright spot is produced due to the 
onstructive interference of waves from the edge of the 
ircular obstacle. 

Q. 6.07. In what way is diffraction from each slit related 

to the interference pattern in Young’s double slit 
xperiment ? 

Ans. The intensity of interference fringes in Young’s 
ouble slit experiment is superposed by the diffraction 
attern of each slit. 


1. Explain diffraction of light due to a single slit and 
formation of pattern of fringes. (H:5.5.C.E, 1997) 

2. Discuss the formation of maxima and minima by 
diffraction ata single slit. (HS'5.C. Ex 1997 5) 

3. What is diffraction of light ? Explain with a diagram the 
intensity distribution in the diffraction pattern due to a 
single slit. (Karnataka, 1994) 

4. Explain Fraunhoffer diffraction at a single slit and derive 
relation for linear width of central maximum. 

(PS.S.C.E, 1999 S, 1999, 1998) 

5. Prove that in diffraction from a slit, the secondary maxima 
and minima are of same width. 

6. Derive an expression for the width of the central maxima 
for diffraction of light at a single slit. How does this width 
change with increase in width of the slit ? 


(C.B.S.E. 1998) 
A Os FREQ 


1. What is meant by diffraction ? Draw a graph to show the 
relative intensity distribution for a single slit diffraction 
pattern. Obtain an expression for the diffraction of the first 
minimum in the diffraction pattern. (1.5.C.E: 1993) 

2. Discuss Fraunhoffer diffraction at a single slit. Also derive 
the relation for linear width of central maximum. 

(P.S.S.C.E. 2001) 


Type A. On Diffraction from a slit 

1. A slit of width 0-15 cm is illuminated by light of 
wavelength 5 x 10> cm and a diffraction pattern is 
obtained on a screen 2-1 m away. Calculate the width of 
the central maxima. [Ans. 1-4 mm] 
2. The light of wavelength 600 nm is incident normally ona 
slit of width 3 mm. Calculate the linear width of central 

maximum on a screen kept 3 m away from the slit. 
(C.B.S.E. 2001) [Ans. 1-2 mm] 
3. Light of wavelength 600 nm is incident on a single slit of 
width 0-5 mm at normal incidence. Calculate the 
separation between two dark bands on either side of the 
_ central maximum, if the diffraction pattern is observed on 

-) ascreen placed at2 m fromthe slit, 5; 

(C.B.S.E. 2002) [Ans, 4-8 mm] 
4. Red light of wavelength 6500 A from a distant source falls 
on a slit 0-5 mm wide. What is the distance between two 


FAQ, FREQUENTLY ASKED SHORT ANSWER QUESTIONS 


FAQ, EREQUENTLY ASKED NUMERICAL PROBLEMS 
; For Practice 


A 6.08. Stars are often photographed through a blue 
filter. What is the advantage of this ? 

Ans. The resolving power of a telescope 

1-22D 
A 
where D is diameter of the telescope’s objective. 

If light of a shorter wavelength is used, the resolving 
power of the telescope will be more and like wise the stars 
which subtend a smaller angle at the earth, will also be 
resolved and seen distinctly as separate ones. The use of blue 
filter allows only blue light (shorter wavelength) from the star 
to enter the telescope. 


7 


— Carrying 3 Marks 


Sd 


7. Show that the central maximum in the single slit diffraction 
is twice as wide as the secondary maximum and the 
pattern becomes narrow as the width of the slit is 
increased. 

8. How does diffraction limit the resolving power of an 
optical instrument ? (C.B.S.E. 1990) 

9. Explain with reasons, how the resolving power ofa 
compound microscope will change, when (i) frequency of 
the incident light on the objective lens is increased (ii) focal 
length of the objective lens is increased and (iii) aperture 
of the objective lens is increased. (C.B.S.E. 2002) 

10. Explain with reason, how the resolving power of an 
astronomical telescope will change when (i) frequency of 
the incident light on the objective lens is increased, (ii) focal 
length of the objective lens is increased and (iti) aperture 
of the objective lens is halved. (C.B.S.E. 2002) 


UENTLY ASKED LONG ANSWER QUESTIONS 


Carrying 5 Marks qxxcwrceernnennn 


3. Explain diffraction at a single slit and derive relation for 
linear width of maxima. (PS.S.C.E. 2000) 

4. What is diffraction of light ? Explain the formation of 
maxima and minima due to diffraction from a rectangular 
narrow slit. Show that the intensity of the central 
haximum is inversely proportional to the width of the slit. 

5. Whatisa diffraction grating ? Explain, how does it produce 
diffraction spectrum. 


dark bands on each side of central bright band of 
diffraction pattern observed on a screen placed 1-8 m 
from the slit ? (H.S.S.C.E. 2001 ; C.B.S.E. 1990) 
[Ans. 4.68 mm] 
5. Ascreen is placed 2 m away from a narrow slit. Find the 
slit width, if the first minimum lies 5 mm on either side of 
the central maximum, when plane waves of 5 x 10-7 mare 
incident on the slit. [Ans. 0:2 mm] 
6. Aslit 4-0 cm wide is irradiated with microwaves of wave- 
length 2-0 cm. Find the angular spread of central maxima 
assuming incidence normal to the plane of the slit. 
(H.S.S.C.E. 1993) [Ans. 60°] 
7, (i) Lightof wavelength 5-4 x 10> cm passes through a 
« ++. slit 0:12.cm wide and forms a diffraction pattern on a 
screen 2:7 m away. What is the width of the central 
maxima ? 


(ii) If the apparatus is immersed quid of refracti 
index 1-35, what would be the width of the central fringe ? 
[Ans. (i) 2-43 mm ; (ii) 1-8 mm] 
8. Determine the angular separation between central 
maximum and first order maximum of the diffraction 
pattern due to a single slit of width 0-25 mm, when light 
of wavelength 5890 A is incident on it normally. 
(C.B.S.E. 1993) [Ans. 3-534 x 10° rad] 
9. Aslit of width a is illuminated by red light of wavelength 
6200 A. For what value of a, will the first minimum fall at 
an angle of diffraction of 30° ? [Ans. 1-24 x 10° m] 
10. A slit of width a is illuminated by a light of wavelength 
5500 A. What will be the value of a, when (a) the first 
minimum falls at an angle of diffraction of 30°, (b) the first 
maximum falls at an angle of diffraction of 30° ? 
(GiB.S,E.)1998"; FSsS. CBE 1999) 
[Ans. (a) 1-1 x 10° m, (b) 1-65 x 10° m] 


Type B. On Fresnei distance 


11. Calculate the distance which a beam of light of wavelength 
500 nm can travel without significant broadening, if the 
diffracting aperture is 3 mm wide. (C.B.S.E. 1990) 

[Ans. 18 m] 

12. Estimate the distance for which ray optics is good 
approximation for an aperture of 4 mm and wavelength 
400 nm. (Text Problem) [Ans. 40 m] 


SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FOR PRACTIC 


14. 


15. 


16. 


13. 


bs fe) \ | 
What is the minimum angular separation between two | 
stars, if a telescope is used to observe them with an 1 
objective of aperture 0-2 m ? The wavelength of light used 
is 5900 A. [Ans. 3-6 x 10-6 rad] 
A telescope has an objective of diameter 0-6 m. The 
telescope is directed to view two distant almost point. 
sources of light (e.g. two stars of a binary). The sources are 
roughly at the same distance of 104 light years along the 
line of sight but separated by a distance of 10!° m. Will the 
telescope resolve the two objects ? Assume that mean — 


wavelength of light is 6000 A. (Text Problem) [Ans. No] 
MISCELLANEOUS PROBLEMS 


(a) Two slits are made 1 mm apart and screen is placed — 
1 m away. What is the fringe separation, when blue-green — 
light of wavelength 500 nm is used ? 
(b) What should be the width of each slit to obtain 10 
maxima of the double slit pattern, within the central 
maximum of the single slit pattern ? (Text Problem) 
[Ans. (a) 0-5 mm (b) 0-2 mm] 
Two spectral lines of sodium D, and D, have wavelengths 


of approximately 5890 A and 5896 A. Asodium lamp sends 
incident plane wave on a slit of width 2 x 10 m. A screen 
is located 2 m from the slit. Find the spacing between the 
first maxima of two sodium lines as measured on the 
screen. [Ans. 0:9 mm] 


______SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FOR PRACTICE 


1. Here, a=0-15 cm = 0-15 x 10-2 m, 
A=5x10°cm=5x10’m,D=2:1m 
2DA_ 2x2-1x5x107 
a. 0-15x10~ 
=14mm 
Proceed as in problem no. 1. 


Proceed as in solved problem no. 6.01. 
Proceed as in solved problem no. 6.01. 


Now, B= =1-4x10°m 


bie bles 


Dir 
5. 065 mm = 5.x 10-9 mor |G 75x 103m 


DA. 2xo x10, 

5x10° 5x10° 
= 0-2 mm 
6. Proceed as in solved problem no. 6.02. 
7. (i) Hete,A = 5-4 x 10 cm = 5-4 x 10-7 m, 
a=0-12 cm =0-12 x 102m,D=2:7m 

2DA_2x2-7x5-4x107 

ah yl fb eda Lone 


=2x10*m 


ora= 


Now, Bo = 


=2-43x10%m= 2-43 mm 
(ii) When apparatus is immersed in liquid : 
gf 2DAty 2D A wiBee ioede 
Ataegrarttan teeny ne 
8. Here, A = 5890 A = 5890 x 10719 m, 
a = 0-25 mm = 0-25 x 10% m 


Angular separation between central and first order 
aximum, 


9. = BA _ 3X 5890x107 
"2a 2x0-25x10° 
9. Proceed as in solved problem no. 6.03 (a). 


= 1-8 mm 


= 3-534 x 10-3 rad 


10. 


11. 


12. 


13. 
14. 


15. 


Proceed as in solved problem no. 6.03. 


2 -3)2 
ee Ee AOR) 
Zp = — = 2 18'm 
B® 500 x 107° 
2 32 
a’ (4x10) 
Zp =< = = 40 
OA BA HES TF 
1-220 1-22x 5900x1071 
do = = ; a = 3-6 x 10 rad 
Smallest angular separation that can be resolved by the 


telescope, 
_ 1-222 _ 1-22 x 6000 x10-° 
D 0-6 

Distance of stars = 104 light years 

= 104 x 9.46 x 1015 m 
Angle subtended by two stars separated by a transverse 
distance of 1019 m, 

1910 

~ 104x9-46x10% 


Since d0’ << d@, the two stars of the binary cannot be 
resolved by the telescope. 


1x 500 x10? 
1x10 


(b) Let a be width of the slit. 
The width of central maximum of diffraction pattern, 


do = 1-22 x 10 rad 


= 1-057 x 10-19 rad 


(a) B= 2% = =5x104m=0-5 mm 


ane 2DA 
a 
Fringe width of interference pattern, 
ins 5.9 oeresngih Bal 
Soe aT 10 © 


WDA DA ,_ 3x2x5890 x10” 


a =0-8835m 
1x10° 4 BX WRAIS jirie sd 
or a=0-2x103m=0-2 mm For sodium D, line: E 
16. The distance of first secondary maxima from the centre of / 3% 2x 5896 X10) 0.8844 
Ma, 6 ean m 
_ the screen, 2x2%x10 
,_ 3DA Therefore, spacing between the first maxima for D, and 
Yet 2a D, lines 


= 0-8844 — 0-8835 = 9-0 x 104 m=0-9 mm 


MS 7 (1. TRANSVERSE NATURE OF LIGHT 

In general, the waves are of two types : 

1. Longitudinal waves. The waves, in which the particles oscillate along the direction 
of propagation of the waves, are called longitudinal waves. 

2. Transverse waves. The waves, in which the direction of oscillation of particles is 
perpendicular to the direction of propagation of the waves, are called transverse waves. 

Both types of these waves exhibit the phenomena of reflection, refraction, 
diffraction and interference but polarisation of the waves can only be exhibited by 
the transverse waves. This is the only phenomenon, where the two types of waves 
essentially differ from one another. 

To understand the polarisation of the waves, let us first consider the following 
mechanical experiment : 

Iwo vertical slits S; and S, are placed parallel to each other and a string is 
passed through them. The end B of the string is fixed and the end A is given jerks 
in any direction perpendicular to its length. Then, transverse wave, whose vibrations 
are parallel to the length of the slit, will only pass through the slit S,. If the slit S, 
is parallel to S,, then amplitude of vibrations will remain unaffected [Fig. 7.01]. 

On the other hand, when the slit S, is at right angle to the slit S,,no vibrations 
will pass through it i.e. amplitude of vibrations will become zero [Fig. 7.02.]. 

If instead of producing transverse vibrations, we produce longitudinal vibra- 
tions in the string at the end A, the vibrations will pass through the slit S5 
irrespective of the fact that the slits S, and S, are parallel to or at right angles to 
each other. 

From the above mechanical experiment, it follows that if on rotating the slit S5, 
the amplitude of vibration in the string decreases and becomes zero, when the two slits are 
at right angles, then the wave motion is transverse in nature. On the other hand, if the 
amplitude of vibration remains unaffected, the wave motion is a longitudinal one. 

A Nicol prism or tourmaline crystal cut parallel to its crystallographic axis 
behaves in a similar manner for light waves as the slit does in case of the wave 
motion produced in the string. When ordinary light is incident normally on a pair 
of such crystals C, and C,, the intensity of emergent light is maximum, when the 
axis of the two crystals are parallel [Fig. 7.03.] and minimum, when the axis of the 
two crystals become at right angles to each other [Fig. 7.04.]. In view of the 
mechnical experiment discussed earlier, it follows that light is a transverse wave 
motion. 

According to Maxwell, light is electromagnetic in nature. An electromagnetic 
wave consists of varying electric and magnetic fields, such that the two fields are 
mutually perpendicular to each other and to the direction of propagation of waves. 
The optical phenomena i.e. phenomena concerning light are described by the electric 
field vector in electromagnetic waves. Therefore, transverse nature of light may be 
attributed to the vibrations of electric field vector in a direction perpendicular to 
the direction of propagation of light. In ordinary or unpolarised light, the vibrations 
of electric field vector are regularly or symmetrically distributed in a plane perpendicular 
to the direction of the propagation of the light. 

In an ordinary ray of light, the vibrations are in all the directions but perpen- 
dicular to the direction of propagation of the light. Such a ray of light is called a ray 
of ordinary or unpolarised light. It is schematically represented as shown in Fig. 7.05. 
The arrows represent vibrations in the plane of the paper, while the dots represent 
vibrations in a direction perpendicular to the plane of the paper. 
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Ne at light is electromagn e motion. ectromagn 
consists of varying electric and magnetic fields, such that the two fields are mutually 
perpendicular to each other and to the direction of propagation of waves. The optical 
phenomena are described by the electric field vector in electromagnetic waves. 
Therefore, transverse nature of light may be attributed to the vibrations of electric 
field vector in a direction perpendicular to the direction of propagation of light. 


My 02. POLARISATION OF LIGHT 

The phenomenon, due to which the vibrations of light are restricted in a particular 
plane, is called the polarisation of light. 

When ordinary lighti.e. unpolarised light passes through a tourmaline crystal, 
out of all the vibrations which are symmetrical about the direction of propagation, 
only those pass through it, which are parallel to its crystallographic axis AB. 
Therefore, on emerging through the crystal, the vibrations no longer remain 
symmetrical about the direction of propagation but are confined to a single plane 
as shown in Fig. 7.06. 


UNPOLARISED 
LIGHT 


Fig. 7.06 

Plane of vibration. The plane (ABCD), which contains the vibrations of plane 
polarised light, is called the plane of vibration. vialacies 

Plane of polarisation. The plane (PQRS) perpendicular to the plane of vibrations 
is called the plane of polarisation. 

Plane polarished light. It may be defined as the light, in which the vibrations of the 
light (vibrations of the electric vector) are restricted to a particular plane. 

According, to the electromagnetic theory of light, the electric vector acts as light #49 Fig. 7.07 (a) 
vector. Therefore, in a:plane polarised light, the electric vector vibrates along a fixed ~ 
line in a plane perpendicular to the direction of propagation. 

In a plane polarised light, the vibrations are restricted to a fixed plane, so that 
vibrations are perpendicular to the direction of propagation of light. Fig. 7.07 (a) 
represents plane polarised light having vibrations in the plane of the paper and Fig. 
7.07 (b) represents the plane polarised light having vibrations in a plane perpendicular 
to the plane of the paper. ee gigs 700O) oan) 


W703. TO DETECT PLANE POLARISED LIGHT 

The naked eye or the polariser alone cannot make distinction between the 
unpolarised light and the plane polarised light. Another such crystal used to analyse 
the nature of light is called analyser*. 

The tourmaline crystal or Nicol prism used to produce plane polarised light is 
called polariser. If the polariser is rotated in the path of the ordinary light, the intensity 
of the light transmitted from the polariser remains unchanged. It is because, in each 
orientation of the polariser, the plane polarised light is obtained, which has vibrations 
in a direction parallel to the axis of the crystal in that orientation. 

If the analyser is rotated in the path of the light transmitted from the polariser, 4 
so that the axes of the polariser and the analyser are parallel to each other, then the 5, 
intensity of light is found to remain unaffected (or maximum) as shown in Fig. 7.08. 
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shown in Fig. 7.09, the polariser and the analyser are said to be in crossed positions. 
mag 7.04. POLARISATION BY REFLECTION 


The simplest method to produce plane polarised light is by reflection. 

Malus found that an ordinary beam of light on reflection from a transparent 
medium becomes partially polarised. The degree of polarisation increases as the 
angle of incidence is increased. At a particular value of angle of incidence, the 
reflected beam becomes completely polarised. This angle of incidence is called the 
polarising angle for that medium. 

Therefore, the angle of incidence, at which when ordinary light is incident on 
transparent refracting medium, the reflected light becomes maximum rich in plane polarised 
light is called polarising angle. It is denoted by p. 

The value of polarising angle varies with the wavelength of light and hence 
complete polarisation can be obtained only with monochronic light. In Fig. 7.10, the 
ordinary light is incident along AB on the surface separating air from a medium of 
reflective index yp. The completely plane polarised light is obtained along the path 
BC of reflected light, when light is incident at polarising anglep. The plane polarised 
light has vibrations perpendicular to the plane of paper. The light travelling ene 
the path BD (refracted light) is unpolarised light. 

Explanation. The vibrations perpendicular to the plane of the paper anvays 
remain parallel to the reflecting surface, whatever be the angle of incidence, and 
hence the condition of reflection remains the same, even if the angle of incidence is 
changed. The other vibrations make different angles with the reflecting surface as 
the angle of incidence is changed. 

When light is incident at the polarising angle, the vibrations perpendicular 
to the plane of the paper or parallel to the reflecting surface are reflected along BC, 
while the other vibrations (making some angle with the reflecting surface) are 
transmitted and are not reflected. The reflected light is, therefore, completely 
polarised in the plane of incidence. 


gee 7.05. BREWSTER’S LAW 


It states that when light is incident at polarising angle at the interface of a refracting 
medium, the refractive index of the medium is equal to the tangent of the polarising angle. 
If p is polarising angle and y, the refractive index of the refracting medium, 

then according to Brewster’s law, 
w=tanp ...(7.01) 

When light is incident at polarising angle, the reflected light is found to be 
completely plane polarised. 

Refer to Fig. 7.10. When light is incident at polarising angle p on a refracting 
medium of refractive index p, let r be the angle of refraction. Then, according to 
Snell’s law, 

_ sinp 
Hoek? ...(7.02) 
From equations (7.01) and (7.02), we have 


sin p 
= tanp 
sin r 


sinp_ sinp 


re! sinr cosp 
or sinr=cosp or sinr=sin(90°-p) or r=90°-p 
or r+p=90° 


Now, angle of reflection i.e. Z NBC = p, the angle of incidence. Since r + p = 
90°, it follows that Z CBD = 90° i.e. reflected ray BC is perpendicular to refracted 
ray BD. 
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gum 7.06. POLARISATION BY SCATTERING 

When a beam of light passes through a medium, it gets scattered from the ~ 
particles constituting the medium, provided the size of the particles is of the order — POLARISED 
of the wavelength of the light. The scattered light viewed in a direction perpendicular — LIGHT 
to the direction of the beam of light is found to be plane polarised. It gives usa 
method to produce plane polarised light by scattering. 

Consider a beam of unpolarised light propagating along X-axis. The vibrations ~ 
are confined in YZ-plane [Fig. 7.11]. After being scattered from a particle O, the light : UNPOLARISED 
scattered along Y-axis has only those vibrations, which are perpendicular to Y-axis : LIGHT 
but parallel to Z-axis. On the other hand, the light scattered along Z-axis is found — 
to contain only those vibrations, which are perpendicular to Z-axis and parallel to 
Y-axis. Thus, the scattered light, both along X-axis and Z-axis, is plane polarised light. 
mums 7.07. LAW OF MALUS . or 

It states that when a completely plane polarised light beam is incident on an analyser, 
the intensity of the emergent light varies as the square of the cosine of the angle between the 
planes of transmission of the analyser and the polariser. 

Consider that the plane of polariser and the plane of analyser are inclined at 
an angle @ as shown in Fig. 7.12. Further, suppose that the plane polarised light of 
intensity I, and amplitude a is incident on the polariser. The amplitude of the 
incident light can be resolved into two components : 

(i) The component a cos 6 along the plane of transmission of the analyser and 

(ii) The component a sin 6 in a direction perpendicular to the plane of the 
analyser. 

In case, there is no loss of light due to absorption, while traversing the analyser, 
then intensity of light transmitted from the analyser is given by 

I = (a cos 6)? = a? cos” 8 
But a” = I, the intensity of incident plane polarised light. Therefore, 
I=I, cos* 0 

or I « cos*6 (7.03) 

It is called law of Malus. 

Discussion. 1. When 6 = 0° or 180° so that cos 0 = + 1, 

I=] 

Therefore, when polariser and analyser are parallel, the intensity of light transmitted 
from the analyser is same as that falls on it from polariser. 

2. When @ = 90° so that cos 8 = 0, 

I=0 

Therefore, when the polariser and analyser are perpendicular, the intensity of light 
transmitted from the analyser is zero i.e. minimum. 

3. If we plot a graph between intensity of light and the angle between polariser 
and analyser, it will be shown in Fig. 7.13. 

4. In case, the light incident on analyser is unpolarised, then 


f= ; if 

It is because, in unpolarised light, the light vector vibrates randomly in a plane ; 
: 
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perpendicular to the direction of propagation and therefore to determine the 
intensity of transmitted light, average value of cos? @ has to be substituted in 


: 1 
equation (7.02). It can be shown that the average value of cos? @ i.e. cos” 6 = Be 


gu 7.08. POLAROIDS 

A Nicol prism or a tourmaline crystal cannot be used to produce plane 
polarised beam of light of large cross-section. It is because of the reason that very 
large crystals of calcite and tourmaline are not available in practice. 

Polaroids are thin and large sheets of crystalline polarising material (made artificially) 
capable of producing plane polarised beams of large cross-section. 

In 1852, Herapath discovered that the synthetic small needle-shaped crystals 
of iodosulphate of quinine possess the property of polarising the light. These crystals 
were called herapathite. These crystals are not stable and cannot bear even a slight 
strain. Since such crystals cannot be used as such, a polaroid sheet is prepared from 


is painted between the two sheets of glass or celluloid. 

A polaroid sheet can also be obtained from a sheet of polyvinyl alcohol. When 
such a sheet is subjected to a large strain, the molecules get oriented in the direction 
of the applied strain. When the sheet is impregnated with iodine, the material »~ 
becomes dichroic*. The polaroid sheet so obtained is called H-polaroid. ‘ 

If the stretched sheet of polyvinyl alcohol is heated in the presence of a 
dehydrating agent such as HCl, it becomes strongly dichroic as well as very stable. — 
Such a polaroid sheet is called K-polaroid. i 

Each polaroid sheet is enclosed between thin glass plates so as to provide 
mechanical support. Further, a polaroid has a characteristic plane called transmission _ PLANE 
plane. When unpolarised light falls on a polaroid, only the vibrations parallel to the © JY POLARISED © 
transmission plane get transmitted [Fig. 7.14]. = 5: et ail 

If a polariod P, is placed in front of a source of light, then light coming out of pd gee 
it is plane polarised. When another polaroid P, is placed so that their transmission ..... 
planes are parallel [Fig. 7.15], the plane polarised light produced by the polaroid — 
P, also passes through it. However, when the polaroid P, is rotated through 90°, 
so that the transmission planes of the two polaroids become perpendicular to each 
other, then no light comes out [Fig. 7.16]. The two polaroids are said to be crossed. _ 

Uses. The polaroids are widely used and a few important uses are as listed _ 
below : 

1. In sun glasses. Polaroids are used in sun glasses. Such goggles are more _ 
efficient than those made of coloured glasses. They protect the eyes from the glare. _ 

2. In wind shields in automobiles. The wind shield of an automobile is made | 
of polaroid. Such a wind shield protects the eyes of the driver of the automobile 
from the dazzling light of the approaching vehicles. 

For the same reasons, the covers of head lights are made of polaroids. 

3. In window panes. The polaroids are used in window panes of a train and 
especially of an aeroplane. They help to control the light entering through the 
windows. 

4. In three dimensional motion pictures. The pictures taken by a stereoscopic 
camera, when seen with the help of polaroid spectacles, create three dimensional — 
etfect. 

In addition to the above uses, polaroids are used as filters in photography to © 
produce and detect the plane polarised light in the laboratory and to study the optical _ 
properties of the metals. 


_....... SOLVED NUMERICAL PROBLEMS” 


POLARISER 


TYPE A. ON BREWSTER’S LAW Problem 7.02. For agiven medium, the polarising angle 
Problem 7.01. A ray of lightisincidentonthesurfaceof 1s 60°. What will be the critical angle for this medium ? 
a glass plate of refractive index 1-536 at the polarising angle. (H.P.S.S.C.E. 1996) 
Calculate the angle of refraction. Sol. Here, p=60° 
Sol. Here, p= 1-536 Now, p= tanp =tan 60° = V3 \ 
If pis the polarising angle, then : mt 
P sdk er OF pe 56 5e" if Cis the critical angie, then “> 


Ifris the angle of refraction, then , J imeibe eget 
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Problem 7.03. Two polaroids are crossed to each other. _onthesystem.As the incident lightis unpolarised, the intensity 
Now, one of them is rotated through 60°. What percen- _ of light onbeing transmitted from the first polaroid will become 
tage of incident unpolarised light will pass through the wey | USE oe! 
system ? I=I, cos eee COS oa 
Sol. Let Ip be intensity of the incident unpolarised light 


* A calcite crystal splits the incident ray of light into two refracted rays called ordinary ray and extraordinary ray. This phenomenon 
is called double refraction. 

The tourmaline crystal is also a doubly refracting crystal with an additional property that is absorbs ordinary and extraordinary 
rays unequally. Such crystals are called dichroic crystals and this phenomenon is called dichroism (selective absorption). 


ee : On 
solaroids, then intensity of light on passing 
econd polaroid is given by 


n=] cos*0 = “ cos” 6 


Since the two polaroids were initially crossed, the angle 
yetween the transmission planes of the two polaroids on 
otating through 60° will become 

@ = 90° — 60° = 30° 


2 
y= 10 x cos? 30° = 2 x v3 =0-3751, 
2 Duntee 


Hence, percentage of incident light that passes through 
he system, 
, x 100 = 0-375 x 100 = 37-5% 


0 
Problem 7.04. Two polaroids are placed at 90° to each 
yther. What happens, when (N - 1) more polaroids are 
inserted between them ? Their axis are equally spaced. How 
does the transmitted intensity behave for large N ? 
Sol. When (N - 1) poleroids are inserted between two 
polaroids, the total number of polaroids becomes (N + 1). The 


QO. 7.01. Sound waves cannot be polarised. Why ? 

Ans. It is because, sound waves are longitudinal in 
nature. 

Q. 7.02. What evidence is there that sound is not 
electromagnetic in nature ? (C.B.S.E. 1995) 
Ans. Because, sound waves can not be polarised. 

Q. 7.03. Will ultrasonic waves show any polarisation ? 
Give reasons for your answer. (T.S.C.E; 1995) 

Ans. No. It is because, ultrasonic waves are longitudinal 
in nature. 

Q. 7.04. What information does one obtain from 
polarisation about the nature of light ? 

Ans. Only a transverse wave motion can be polarised. 
Since light waves can be polarised, they must be transverse 
in nature. 

Q. 7.05. Can electromagnetic waves be polarised ? 

Ans. Yes. 

Q.7.06. Does the value of wavelength of light have any 
role in polarisation ? 

Ans. No. The electromagnetic waves of all wavelengths 
can be polarised. 

Q. 7.07. What is plane polarised light ? 

(1.S.C.E; 1997 ; C.B.S.E.1992) 

Ans. The light in which the vibrations of the light 
(vibrations of electric field vector) are restricted in a particular 
plane is called plane polarised light. 

Q. 7.08. Which plane is defined as the plane of polari- 
sation in a plane polarised electromagnetic wave ? 

(I.S.C.E. 1998) 

Ans. The plane perpendicular to the plane of vibrations 
in a plane polarised light is called plane of polarisation. 

Q. 7.09. Can you detect by the naked eye, whether a 
given light is polarised or not ? 

Ans. No. 


JREQUENTLY /SKED VERY SHORT ANS 


d. If @ is angle . 


i tiie polaroias are equalty ’P 
etween the axes of two conservative polaroids, then 
Ms 
A+ 048 ....00 N times = 90° or NO@=5 
a 
0=—— 
or ON 


According to Malus law, the intensity of light on passing 
through a pair of polaroid is proportional to cos* 9. Before the 
light passes out of the last polaroid, this change in intensity 
will be repeated N times. If I) is intensity of the incident light 
and I, the intensity of light after passing through all the 
polaroids, then 

I=, (cos? @)N = I, (cos 6)? N 


fr 2N 
or I=I, | cos —_ 
2N 


When N is very large, angle @ [- A] approaches zero 


I 
and hence cos oN approaches 1. Therefore, when N is very 


large, I will approach |). 


WER GUESTIONS 
With Answers/Hints 


Q. 7.10. Define the polarisation angle for polarisation 
by reflection. (P.S.S.C.E. 2002) 

Ans. The angle of incidence, at which when ordinary light is 
incident on transparent refracting medium, the reflected light 
becomes maximum rich in plane polarised light, is called polarising 
angle. 

Q. 7.11. State Brewster’s law. 

(H.S.S.C.E. 2000, 1998 S, 1996 ; 
PS.S.C.E. 1998 S ; I.S.C.E. 1996, 1995) 

Ans. Refer to section 7.05. 

Q. 7.12. State the law connecting the angle of polari- 
sation with the refractive index of a medium. 

Ans. Brewster’s law connects the angle of polarisation 
and refractive index of the medium. 

For statement, refer to section 7.05. 

Q. 7.13. A ray of light is incident on a medium at polari- 
sing angle. What is the angle between the reflected and 
refracted rays ? @.5.C.E11997) 

Ans. 90°. 

Q. 7.14. When light is polarised by reflection, what is 
the plane of vibration of the electric field vector in polarised 
light ? 

Ans. The electric field vector is perpendicular to the 
plane of incidence. 

Q. 7.15. The polarising angle of a medium is 60°. What 
is the refractive index of the medium ? (C.B.S.E. 2000, 1999) 

Or 

Aray oflightstrikes a glass plate atan angle ofincidence 
60°. If the reflected and refracted rays are perpendicular to 
each other, find the\index of refraction of glass. 

Ans. When the\reflected ray and the refracted rays are 
perpendicular to each other, then angle of incidence is equal 
to polarising angle. \, 

Therefore, 1 = tan p = tan 60° = V3 


u=~3 . What is the value of angle of incidence, if the 

refracted light is completely polarised ? (P.S.S.C.E. 1999) 
Or 

What is the polarising angle of a medium of refractive 


index /3 ? (C.B.S.E. 2000, 1999) 
Ans. Refer to VSQ 7.15. 


Here, i = p = tan”! p = tan“! V3 = 60° 


AQ. 


Q. 7.01. Differentiate between polarised and unpolari- 
sed light. How are these represented ? (P.S.S.C.E. 1997) 

Ans. For distinction between polarised and unpolarised 
light, refer to section 7.01. 

For representation, refer to Fig. 7.05 (for unpolarised 
light) and Fig. 7.07 (a) or (b) (for plane polarised light). 

Q. 7.02. Explain what is meant by : (i) plane polarised 
light, (ii) polarising angle. (L,5.0.E.1995) 

Ans. (i) Refer to section 7.02. (ii) Refer to section 7.04. 

Q. 7.03. How can one distinguish between an unpo- 
larised light beam and a linearly polarised beam using a 
polaroid ? (C.B.S.E. 1996) 

Ans. When a polaroid is rotated in the path of 
unpolarised light, the intensity of the light transmitted from 
the polaroid remains undiminished. However, when the 
polaroid is rotated in the path of plane polarised light, its 
intensity will vary from maximum (when the vibrations of 
the plane polarised light are parallel to the axis of the 
polaroid) to minimum (when the direction of vibrations 
becomes perpendicular to the axis of the crystal). 

Q. 7.04. Explain polarisation by reflection. 

(Pre-degree Kerala, 1992) 


Ans. Refer to section 7.04. 

Q. 7.05. Draw a sketch showing the incident, reflected 
and transmitted rays, when light is incident at the polari- 
zing angle on a glass slab. (I.S.C.E. 1994) 

Ans. Refer to Fig. 7.10. 

Q. 7.06. Define (i) critical angle (ii) polarising angle. 
What is the relation between the two ? 

(PS.S.C.E. 1999 S, 1999, 1996 S) 

Ans. Critical angle (C). It is the angle of incidence in 
denser medium, at which the ray of light after undergoing 
refraction at the surface of separation of the two media, 
becomes parallel to the surface of separation. 

Polarising angle (p). Refer to section 7.04. 

The relation between the polarising angle and the critical 
angle is given by 


tan p= 


sin C 


Q. 7.01. What is the basic difference between a source 
8: light and a source of radio waves ? 

Ans. Ina visible light source, the atoms act as oscillators 
producing oscillations independent of each other. Due to this, 


Cys a0 0.4 oe 


For 


(PS.S.C.E. 2002, 2000 ; I.S.C.E. 1995) 
Ans. A polaroid is a thin and large sheet of a crystalline 
polarising material capable of producing plane polarised 
beams of light of large cross-section. 
Q. 7.18. Write simple uses of polaroids. 
(PS.S.C.E. 1999 S ; H.S.S.C.E. 1997) 
Ans. Polaroids are used in sunglasses, in wind shields 
of automobiles, in window panes, in making three dimen- 
sional motion pictures, etc. 


a = 


Answers/Hints 
Q. 7.07. The critical angle between a given transparent 
medium and air is denoted by C. A ray of light in air 
medium enters this transparent medium at an angle of 
incidence equal to polarising angle p. Deduce a relation for 
the angle of refraction in terms of C. (I.S.C.E. 1998) 
Ans. According to Brewster’s law, when a ray of light 
is incident at polarising angle, 
p=tanp (i) 
If Cis critical angle for the transparent medium and air, 
then 


1 
= ti 
sin C , 
From equations (i) and (ii), we have 
1 
tan p= sis 
Pp sinC ..-(iii) 
If r is angle of refraction, then 
P=90°-r 
or tan p=tan (90°—r) =cot r=—1~ ..(i0) 
tanr 


From equations (iii) and (iv), we have 

tanr=sinC or r=tan! (sinC) 

Q. 7.08. Draw the graph showing the variation of 
intensity of polarised light transmitted by the analyser. 

(C.B.S.E. 2001) 
Or 

Sketch the graph showing the dependence of intensity 
of transmitted light on the angle of rotation between a 
polariser and an anlyser. (C.B.S.E. 1998 S) 

Ans. For sketch of the graph, refer to Fig. 7.12. 

Q. 7.09. Name one device for producing polarised light. 
Draw a graph showing the dependence of intensity of 
transmitted light on the angle between polariser and 
analyser. (C.B.S.E. 1991) 

Ans. Nicol prism can be used to produce plane polarised 
light. For graph, refer to Fig. 7.12. 

Q. 7.10. What are polaroids ? Explain their one use. 

(P.S.S.C.E. 2000, 1998) 

Ans. Refer to section 7.08. 


me Uae. e AAP bah 


tilliant & curious 


Siu tel @ 


ambitious, Students 
oscillations produced are randomly oriented (unpolarised). 

In a radio wave source, the charges oscillate in a plane 
perpendicular to the direction of propagation of radio waves 
(polarised). 


| 4 perp 
dicular to the direction of propagation of light. But 
it is said that light requires no material medium for its 
pro-pagation, then what vibrates transversely in light 
waves ? 

Ans. Light is electromagnetic in nature and it travels in 
the form of transverse varying electric and magnetic fields. 
The optical phenomena are described by the electric field 
vector of the electromagnetic waves. Hence, the electric field 
vector vibrates transversely in light waves. 

Q. 7.03. Does the value of polarising angle depend 
GP upon colour (wavelength) of incident light ? 

Ans. The refractive index of a material depends on the 
wavelengths of the light. As polarising angle depends on the 
refractive index, it also depends on wavelength of the light. 

Q. 7.04. How do sunglasses reduce the glare of intense 
light ? Explain the physical principle involved. 

Ans. The sunglasses are made of polaroids. When 
ordinary light passes through sunglasses, the ordinary light 
is rendered into plane polarised light. Due to this, the glare 
of the intense light gets reduced. 

Q. 7.05. Define elliptically polarised light. 
& (C.B.S.E. 1992) 

Ans. When two plane polarised waves are superim- 
posed, the resultant light vector rotates in a plane perpendi- 
cular to the direction of propagation. If the resultant light 


1. What do you understand by polarisation of light ? Describe 
an experiment to demonstrate transverse nature of light. 
(H.P.S.S.C.E. 2001) 
2. Describe an experiment to show that light waves are 
transverse in nature. 
(H.S.S.C.E. 1999 ; C.B.S.E. 1999, 1994, 1993) 
3. Aray oflightisincidentatan angle of incidencep on thesur- 
face of separation between the air anda medium of refractive 
index y, such that the angle between the reflected and 
refracted rays is 90°. Obtain the relation between p and y. 
(C.B.S.E. 1998 S) 
4. What is the phenomenon of polarisation ? Derive the 
relation connecting the polarising angle of a medium and 
its refractive index. (C.B.S.E. 2002) 
5. Whatis plane polarised light ? Explain a method of produ- 
cing plane polarised light. (Karnataka,1994) 
6. Give a method for producing a beam of plane polarised 


1. (a) Describe an experiment to demonstrate the transverse 
nature of light. 
(b) Differentiate between polarised and unpolarised light. 
How are they represented ? (PS.S.C.E. 2001) 


2. What do you understand by polarisation of light ? What 
information you get about the nature of light from the 


Type A. On Brewster’s law 
1. Refractive index of water is 1-33. Calculate the angle of 
polarisation for light reflected from the surface of a lake. 

[Ans. 53-06°] 


FeECTO d Std Tila! 
traces a circle and the light is said d. 
However, if the magnitude of the resultant light vector varies 
periodically during its rotation, the tip of the light vector 
traces an ellipse and the light is said to be elliptically 
polarised. 

Q. 7.06. What do you mean by the term crossed 

polaroids ? 

Ans. Two polaroids are said to be crossed, when the 
planes of polarisation of the two polaroids are perpendicular 
to each other. 

Q. 7.07. Two polaroids are placed at 90° to each other 
Smal and the transmitted intensity is zero. What happens, 
when one more polaroid is placed between these two, 
bisecting the angle between them ? 

Ans. When polaroids are placed as stated, the electric 
field is reduced by a factor of cos 45° and again by a factor of 
cos 45° by the second and third polaroids. In other words, the 
electric field gets reduced by a factor of oF x hak > 

Since, intensity of light waves varies as the square of the 
magnitude of electric field vector, the intensity of light gets 


1 


2 
reduced by a factor of (5 i.€. at 


TAO)| FREQUENTLY ASKED SHORT ANSWER QUESTIONS 


Carrying 3 Marks 
light. Show how you will detect the presence of plane 
polarised light. Give one practical use of polarised light. 

(I.S.C.E. 1996) 
7. State and prove Brewster’s law of polarisation. 
(H.S.S.C.E. 2002 ; P.S.S.C.E. 2001, 2000, 1999) 
8. State Brewster’s law. Show that the reflected ray and the 
refracted ray are perpendicular to each other, when the 
angle of incidence is equal to polarising angle. 
9. Show that when a light ray is incident:at the polarising 
angle, the reflected ray is at right angles to the refracted ray. 
(.S.C.E. 1995 ; Karnataka, 1995, 1993) 

10. What isa plaroid ? How is plane polarised light obtained 
with its help ? How will you use it to distinguish between 
unpolarised light and plane polarised light ? 

(C.B.S.E. 2001 S) 

11. What are polaroids ? Write their four uses. 

(P.S.S.C.E. 2001) 


=| FREQUENTLY ASKED LONG ANSWER QUESTIONS > 


Carrying 5 Marks 


study of polarisation ? How would you obtain plane 
polarised light by reflection ? What do you mean by plane 
of polarisation and plane of vibration ? 

3. What do you mean by polarisation of light ? How polari- 
sed and unpolarised light is represented ? How will you 
prove that light is transverse wave in nature ? 

(P.S.S.C.E. 2002) 


CAL QUESTIONS 


For Practice 


vans 
pus 


2. The refractive index of a medium is V3. What is the angle 
of refraction, if the unpolarised light is incident on it at the 
polarising angle of the medium ? (C.B.S.E. 2002) 

[Ans. 30°] 


ray glass p 
refractive index 1-5 at the polafieing angle What is the 


angle of refraction ? (P.S.S.C.E. 1995) [Ans. 33° 417] 
A ray of light strikes a glass plate at an angle of incidence 
57°. If the reflected and refracted rays are perpendicular 
to each other, find the index of refraction of glass. 

[Ans. 1-54] 


Type B. On Law of Malus 
5. 


Se 


Two polaroids are oriented with their planes of trans- 
mission making an angle of 30° with that of preceeding 


tanp=“=133 or p=53-06° 
Proceed as in solved problem no. 7.01. 
Proceed as in solved problem no. 7.01. 
Since reflected and refracted rays are perpendicular, 
p=t=57° 
py = tan p = tan 57° = 1-54 
Proceed as in solved problem no. 7.03. 
As obtained in solved problem no. 7.03, the intensity of 
unpolarised light transmitted through the polarising sheets 
arranged with their planes of transmission making an 
anlge of 30° is given by 


74 
2 PAIN We 2A 


transmitted ? 


the characteristic direction of each polarising sheet makes 
an angle of 30° with that of the preceeding sheet. What 
fraction of light is transmitted ? 
[m2 
128 


SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FOR PRACTICE 


Therefore, intensity of transmitted light through the third _ 


polarising sheet, 


ravrout a= x3,( 8) PLLW (2) 
2 tos 


2 2 


[Ans. 375%] 
An unpolarised beam of light is incident ona group of four — 
polarising sheets, which are arranged in such a way that — 


Finally, intensity of light transmitted through the fourth 


polarising sheet, 


2 2 3 
1=1" cos? 30°= 12 x( 2 x Y3 -2x(3) 
2 4 D We 4 
FOF, 
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Competitive Examination File (UnitVI) 


REVISION AT A GLANCE 
Chapter 1. Refraction of Light 


C Refraction. The phenomenon of change in path of light as it goes from one medium to another is called refraction. 
Cl Laws of refraction. 1. The incident ray, the normal to the refracting surface of the point of incidence and the refracted ray all 


in the same plane. 
2. The ratio of the sine of the angle of incidence to the sine of the angle of refraction is constant for any two given media. It is called 


ell’s law. 
Mathematically : bi = "Uy 
sin r 
Here, “4, is called relative refractive index of mediumb (in which refracted ray travels) w.r.t. mediuma (in which incident 


y travels). 
Cc Absolute refractive index. The absolute refractive index of a medium is defined as the ratio of the velocity of light in vacuum 


) to the velocity of light in the medium (v). 
ite 
v 
C Lateral shift. The perpendicular distance between the incident and the emergent rays, when the light is incident obliquely on a 
allel sided slab of a refracting material is called lateral shift. 


Mathematically : Absolute refractive index, 4 = 
\ 


sin (i— 1) 


Mathematically : Lateral shift, d = 
5 cos r 


C Refraction from a compound plate. When a compound plate of two refracting slabs of materials b and c (each haviris, 
arallel refracting surfaces) is placed in a medium 4, then the emergent ray is always parallel to the incident ray and the 
fractive indices of the three media are related to each other as below : 

“uy x u =", 

CO Real and apparent depth. When an object is placed in an optically denser medium, the apparent depth of the object 
. always less than its real depth. 

Realdepth 


Apparent depth nid 3 


Mathematically : 1. 


2. Normal shift, 4 = (i - | 
My 
C Total internal reflection. The phenomenon of reflection of light that takes place when a ray of li ight travelling in a denser medium 
ets incident at the interface of the two media at an angle greater than the critical angle for that pair of media. 
a a Se 4 
Mathematically: #c~ G0 
Flere, py? is refractive index of the denser medium b wrt. the rarer medium a and C is critical angle. 
0 Spherical refracting surface. The portion of a refracting medium, whose curved surface forms the part of a sphere, is called 
pherical refracting surface. 
When object is situated in the rarer medium, the relation between j, (refractive index of rarer medium), [ty (refractive 
ndex of the spherical refracting surface) and R (radius of curvature) with the object and image distances is given by 
Ser? hg or aa 
u v R 
When the object is situated in denser medium, the relation between [1, > 
4, and /5. In that case, the relation becomes 


Pon Pe 


R, uw and v can be obtained by interchanging 


—————— 


u v R 
427 #1 


Power of spherical refracting surface : P = a 


Here, R is measured in metre. 
CO Lens maker’s formula. The relation connecting the focal length of the lens with the radii of curvature of its two surfaces 


and the refractive index of the material of the lens is called lens maker’s formula. 


1 i! 
om 
The focal length of a convex lens is taken as positive, while that of concave lens is taken as negative. 
C Lens equation. The relation between the focal length, the object and image distances is called lens. equation. 


Mathematically 7 (u—1) 


| 


CFs S. f Fu fe ie ait 

O Power of a lens. It is defined as the reciprocal of the focal length of the lens in metre. = 3 
d 

Mathematically :1. P= 7 


1 1 
ku CE 2) | 
ort Ry 
In the above two formulae ; f, R, and R, are measured in metre. 


Q Two thin lenses placed in contact. When two lenses of focal lengths f, and f, are placed in contact, the focal length 
of the combination is given by 


eae ds | 4 
Mathematically : -— +—=— “ 4 

ri ‘ u i) f | 

O Linear magnification. The ratio of the image (formed by the lens) to the size of the object is called linear magnification produce | 

by the lens. 
I et | 

Mathematically : m=~=~ f ral i | 

) 


| 
; 


f f 1 f 2 
Power of the equivalent lens: P = P, + P, q 
Magnification produced by equivalent lens : m = mM, X My 4 
O Spherical aberration. The inability of a lens of large aperture to bring all the rays in a wide beam of light falling on it to focus” 
‘a single point is called spherical aberration. | 
Some Useful Facts : 
1, Snell’s law fails, when light is incident normally on a refracting medium. ths 
2. Lateral shift is maximum (equal to thickness of refracting slab), when the angle of incidence is 90°. 


3. The total internal reflection takes place only when the incident tay travelling in denser medium falls on the interface 
of the two media at an angle of incidence greater than the critical angle. 


4. The power of a spherical refracting surface or a lens gives the measure of the degree to which it can converge or diverge . 
the rays of light passing through it. : 


5. The focal length and power of a spherical refracting surface of a lens depend upon the refractive index of the 
surrounding medium also in addition to the refractive index of the material and the radii of curvature of its two surfaces. 


Chapter 2. Dispersion 


O Refraction through a prism. A prism is the portion of a transparent refracting medium bounded by two plane surfaces meeting 
each other along a straight edge. 


A ray of light incident on one face of the prism suffers refraction successively at the two surfaces and then emerges out 


ip 1 1 5 “ re wibise+ 


of it. 
Mathematically : 1. A= 1, +1, 
2A+d=i+e 
3. When prism is placed in minimum deviation position, 
~ sin(A+0,,)/2 
4) sin. A/2 
4. When angle of prism is small, 6 = A(u — 1) 
O Dispersion. The phenomenon of splitting up of white light into its constituent colours is called dispersion. 
Spectrum. The band of seven colours obtained on the screen is called spectrum. 


Pure spectrum. A spectrum, in which the constituent colours have sharp boundaries and are distinctly visible, is called the pure 
spectrum. 


O Angular dispersion. The angular dispersion for any two colours is defined as the difference in deviations suffered by the two 
colours in passing through the prism. 


Mathematically : Angular dispersion, 6 = 6, - é, 


O Dispersive power. The dispersive power of the material of a prism for any two colours may be defined as the ratio of angular 
dispersion for these two colours to the deviation suffered by the mean light. 


/ 
i 


ie a 2 Ne al ier on 5 
Mathematically : Dispersive power, w = : i = : 
Lh 7 


C Dispersion without deviation. Two prisms of suitable materials and angles of prism can be combined, so as to produce 
spersion without deviation. 


Condition for no deviation: —-=— ~~ 
A 1 


Net angular dispersion = 6 (@ — w’) 
C Deviation without dispersion. Two prisms of suitable materials and angles of prism can also be combined, so as to 
oduce deviation without dispersion. 


A’ id 
Condition for no dispersion :1. 7 = — ae ele 
A Hy ~ By 
w om 
2.—=-— 
wo’ ) 


Net deviation = 6 (1 - a 
@ 


C0 Chromatic aberration. The inability of a lens to bring the light of different colours to focus at a single point is called chromatic 


erration. 
Mathematically : Chromatic aberration, f,—f, = © x f 
CO Spectrometer. It is an optical instrument to obtain and study the pure spectrum. 
CO Rayleigh’s law of scattering. It states that the intensity of the light of wavelength A in the scattered light varies inversely as 


e fourth power of its wavelength. 
CO Rainbow. The coloured arcs (or the spectrum of white light from the sun in the form of bows), seen immediately after the rain 


1an observer with his back towards the sun, are called rainbows. 


ome Useful Facts : 

1. A prism always deviates a ray of light towards its base. However, the ray of light is deviated away from the base, 
hen the prism is placed inside a denser medium. 

2. The white light gets dispersed, while passing through a prism due to the fact that white light consists of light of different 


avelength. . 
3. When two prisms are combined to produce dispersion without deviation, the order of the colours in the spectrum 
ue to the combination is opposite to that due to the crown glass prism. 
4. The chromatic aberration in a lens is because of the fact that it has different focal lengths for light of different colours. 
5. The line emission spectrum is due to atoms, while the band emission spectrum is due to the molecules of an element. 
6. The pure spectrum can be obtained by placing the prism in minimum deviation postion. 
7. When light from the sun traverses the atmosphere, the scattering of the blue light is approximately sixteen times as 
irge as that of red light. ‘ 


Chapter 3. Optical Instruments 


C Simple microscope. A convex lens of small focal length is called a simple microscope or a magnifying glass. 
The magnifying power of a microscope is defined as the ratio of the angle subtended by the image at the eye and the angle subtended 
y the object seen directly, when both lie at the least distance of distinct vision. : 


Mathematically: M= i + 2) 


Here, D is the least distance of distinct vision. 
CO Compound microscope. A compound microscope is a two lens system (object lens and eye lens of focal lengths f, 


nd f,). Its magnifying power is very large, as compared to the simple microscope. 


Mathematically: M= ee t + P| =— L [i oe P| 
Ug fe fo fe 


Here, u is distance of the object from the object lens and v (= L, the length of the tube of microscope) is the distance at 
which the object lens forms the image of the object. 
CD Astronomical telescope. It is a two lens system an 


ype astronomical telescope. 
0 Normal adjustment. When the final image is formed at infinity, the telescope is said to be in normal adjustment. 
Magnifying power of a telescope in normal adjustment is defined as the ratio of the angle subtended by the image at the eye as seen 
through the telescope to the angle subtended by the object seen directly, when both the object and the image lie at infinity. 


dis used to observe distant heavenly objects. It is called refracting 


Magnifying power in normal adjustment, M = 


mn i} e 
When the final image is formed at least distance of distinct vision, 
magnifying power of the telescope, M =— # t + fe) 
e 


CO Reflecting type telescope. In a reflecting type telescope, the objective is a concave spherical mirror of large apertun 
in place of a convex lens. ; | 

The expression for magnifying power of a reflecting type telescope is same as that for refracting type astronomica 
telescope. 

0 Prism binoculars. It is a system of two astronomical telescopes making use of object lenses of very large focal length 
As such, the length of the telescopes would become very large. However, the length of the telescope tubes is cut short by 
making use of totally reflecting prisms. 


Some Useful Facts : 
1. The optical instruments are used as an aid to the human eye so as to produce higher magnification, greater resolvin; 


power and to produce the image of close lying objects at least distance of distinct vision. 
2. Eye is a natural optical instrument. It has a unique feature of automatic adjustment of its aperture and focussing. 
3. The magnifying power and magnification produced by a lens are different from each other. 
4. The magnifying power of a telescope is perceived as the increase in the visual angle of the image. 


Chapter 4. Huygens’Principle 

0 Wavefront. The locus of the points in the medium, which at any instant are vibrating in the same phase, is called wavefront 

Ray of light is the line drawn perpendicular to the wave front. 

O Huygens’ Principle. 1. Each point on a given (or primary) wave front acts as a source of secondary wavelets, sending ou 
disturbance in all directions in a similar manner as the original source of light does. 

2. The new position of the wave front at any instant (called secondary wave front) is the envelope of the secondary wavelets at the 
instant. 

It is also called Huygens’ construction and it is used to find the new position of the wavefront at a,later time. 


Some Useful Facts : 


1. The time taken for light to travel from one wave front to another is the same along any ray. nf 
2. The contribution of a wavelet in any direction making angle 9 with the normal to the wavelet is proportional t 


it Mee 
os (1 +cos @). Since for a wavelet, which lies on the back of the secondary wavefront, 8 is 180°, the contribution from such 


1 
wavelet is . (1+ cos 180°) =0. 


Chapter 5. Interference of Light 

C Interference. The phenomenon of non-uniform distribution of energy in the medium due to superposition of two light waves 
called interference of light. 

C Coherent sources. Two sources are said to be coherent, if they emit light waves of same wavelength (or frequency) and of 
stable phase difference. 

CO Young’s double slit experiment. Consider that two coherent sources are separated by a distance d so as to produc 
interference fringes on a screen held at a distance D from the plane of the slits. When the slits are illuminated with 
monochromatic light of wavelength J, then on the two sides of the central bright fringe, alternate dark and bright fring¢ 
are formed. Let¢ be the phase difference and x be the path difference between the two light waves reaching a point Pon tk 


screen. 
1. Condition for maximum intensity at point P : 
Phase difference, @ =2 n 2 or path difference, x =n, where n = 0,1, 2 .......+- 
2. Condition for minimum intensity at point P : 
Phase difference,@=(2n+1)a or path difference, x =(2n+1) : where 1 = 0, 1, 2 -....---- 
I pe (a, + OD g 


3. Ratio of the maximum and minimum intensity : —™* 
Lnin (ay or fy ie 

Here, a, and a, are amplitudes of the two light waves. 

Also, ratio of intensity of light due to the two slits of widths w, and wy is given by 


I, aD FS ay? 
I W2 Ane 


4. (a) Distance of nth bright fringe from the centre of the screen: Yn = 5 


(b) Angular position of the nth bright fringe : 0, = os = ns 
) P en OA ee On By, 
5. (a) Distance of nth dark fringe from the centre of the screen: Yn ~~ 
(b) Angular position of the nth dark fringe : 0,,'= s a2 “ é 
DA 
6. Fringe width: p= re 


me Useful Facts : 


1. The intensity of light is directly proportional to the square of the amplitude of the wave. 

2. In Young’s double slit experiment, the bright and dark fringes are of equal widths. 

3. The fringe width decreases, when Young’s double slit experiment is immersed in a liquid. 

4. The colour of thin films is due to interference between the two beams of light ; one reflected from the upper surface 
the film and the other emerging after reflection from the lower surface of the film. 


Chapter 6. | Diffraction of Light 


0 Diffraction. The phenomenon of bending of light round the sharp corners and spreading into the regions of the geometrical shadow 
called diffraction. 

C Diffraction from a slit. A narrow slit of width a is placed at a distance D from the screen. When the slit is illuminated 
th a monochromatic light of wavelength 4, then alternate bright and dark bands of light are formed on both the sides of 
e central maximum. 


1. (a) Angular position of the nth secondary minimum : 0, = Ba 
a 
) nDA 

(b) Distance of the nth secondary maximum from the centre of the screen: Yn = 

2. (a) Angular positions of the nth secondary maximum: 6,,'= ou 
a 
ia 2n+1) D4 

(b) Distance of the nth secondary maximum from the centre of the screen: Yn =~ 

3. (a) Width of a secondary maximum or minimum : B = 14 
a 


2DA 
(b) Width of the central maximum : Bo = Sign: 
4. Half angular width of central maximum. The angular position of first secondary minimum is known as half angular 
idth of the central maximum. Thus, 
A 
half angular width of central maximum , 9; = 7 
5. Fresnel distance. It is defined as the distance of the screen from the slit beyond which, the spreading of light due to diffraction 
comes quite large as compared to the size of the slit. It is denoted by Z, . 
2 


Mathematically : Zp= i 


6. Limit of resolution. The smallest separation (linear or angular) between the two point objects at which they appear just 
parated, is called the limit of resolution. 

A 
2 usin 6 

Here, 0 is semi-vertical angle of the cone formed by the object at the objective of the microscope and 1 is the refractive 
ndex of the medium between the object and the objective. 
1-22A 

D 

Here, D is diameter of the objective of the telescope. 
7. Resolving power. It is defined as the reciprocal of the limit of resolution. 


2 usin @ 
Resolving power of a microscope, , = a 


Linear limit of resolution of a microscope : d= 


Angular limit of resolution of a telescope : d0 = 


Resolving power of a telescope, oP 


22A 


Some Useful Facts : 


1. Diffraction pattern is the result of the interaction of light from the di fferent parts of the same wavefront. 
2. In diffraction pattern, the central maximum is twice as wide as any other secondary maximum. 
3. All the secondary maxima are not of same intensity. 


Chapter 7. Polarisation of Light 


O Polarisation. The phenomenon due to which vibrations of light are restricted in a particular plane is called polarisation. 

O Plane polarised light. It is the light in which the vibrations of the light (vibrations of the electric vector) are restricted i 
particular plane. 

O Plane of polarisation. The plane perpendicular to the plane containing the vibrations of plane polarised light is called plant 
polarisation. 

0 Brewster’s law. It states that when light is incident at polarising angle, the reflected and refracted rays are perpendicular 
each other. 

Mathematically : '_ w=tanp 

Here, p is the polarising angle for a medium of refractive index ju. 

CO Law of Malus. It states that when a completely plane polarised light beam is incident on an analyser, the intensity of the emerge 
light varies as the square of the cosine of the angle between the planes of transmission of the analyser and the polariser. 

Mathematically : I =I, cos* 0 — 

Here, I, is the intensity of incident plane polarised light and 6 is the angle between the planes of transmission of analy: 
and the polariser. ; 

O Polaroid. The thin and large sheets of crystalline polarising material capable of producing plane polarised beams of light of la 
cross-section. 

CO Optical activity. The property of a substance of rotating the plane of vibration of the plane-polarised light, when passed throu 
it, is called optical activity. phi, 

O Specific rotation. The specific rotation of an optically active solution is numerically equal to the amount of rotation produc 
by the solution of length 1 m and concentration 1 kg m~*. It is denoted by S. 

Mathematically : S= *. 

Here, | , c and @ stand for length of the solution, concentration of the solution and the rotation produced in the plane 
polarisation of the light by the solution. 
Some Useful Facts : 


1. The naked eye cannot distinguish between ordinary light and the plane polarised light. 

2. When a polariser is rotated in the path of ordinary light, the intensity of light remains undiminished. The intensity 
light transmitted from the polariser changes, in.case the light falling on the polariser is plane polarised light. As such, t 
polariser is said to be acting as an analyser. 


i NUMERICAL PROBLEMS FROM COMPETITIVE EXAMINATIO US 
Chapter 1. Refraction of Light 


Problem 1.01. The XY-plane is the boundary between > A A 8 ap 
two transparent media [Fig. 1.01]. Medium-I withz >Qhas vector A= 6V3 i + 8V3 j — 10k is incident on the plane 


a refractive index /2 and medium-II with z <0 hasa_ S€paration. Find the unit vector in the direction of tl 
refracted ray in medium-Il. (LLT. 199 
Thought Process — 
1. The angle of incidence (angle between incident r 
and Z-axis is given by) 
= A 
A .(— k) 
c Be Ge 


osi= 


refractive index V3 . A ray of light in medium-I given by the 


|Al 


-_ N A A 
Here, A=6V3 i +8V3 j-10k 


sini 3 

sinr 2 
3. Suppose that the refracted ray is represented by the 
vector 


= A An A 

A’=aitbj+ck 
On refraction, the plane containing the refracted ray and 
the normal is the same plane, which contains the incident 


ray and the normal (only the inclination of the path of 
ray with the normal i.e. Z-axis changes). Therefore the 


= 
values of aand bin vector A’ must be the same as those 


— 
in vector A i.e.a=6V3 andb=83 . Hence, the 
vector representing the refracted ray is 
— 
A'=6N3 1 +83 j+ck 
4. The angle of refraction is given by 
—_ 
A'(-k) 
_> 
1A’l 
Sol. The vector representing incident ray, 


—_> A AN A 
A=6vV3 i+8V3 j-10k 


> Rata 2 2 
|Al= |(6V3)? + (8V3)* + (—10) 
= [108 #192 + 100 = 20 


cos f = 


ern 
Now, cos i= er 
\A| 
A A A A 
_ (6V3 1+8V3 j-10k).(-k) 
20 
040410 1 
sy poe 2 
or 1= 60° 


sini V3 


From Snell’s law, fiities ce V2 


or Apa py ag apt gor i A 
aa V3 MS ere 
1 
or sin r=—= orr=45° 
V2 


Now, the vector representing the refracted ray is given 


—_> A A 
A’= 6V3 i+ 8V3 +ck 


=> A 
ACH 
and .cos r=—— 
1A’| 
,_ V3 1+ 8V3 j+ck).(-k) 
os 45 ee 


(v3)? +(8V3)? +c? 


iss 0+0-c 


108 +1924 ¢? 


2 300+¢ 


oral i i Seti ? 
2 V 300 + c? 
or c= J300 = + 10V3 

Since the refracted travels downwards, we choose 


c=-10V3 
rae A A A 
A’ =6V3 i +8V3 j -10V3 k 
=> nN A A 
Also, R= ltov3) +63) 108)h 


= [108 + 142 + 300 = 10V6 


If n is unit vector along refracted ray, then 
> A A A 
a A’ 6V3i+8V3 j-10V3k 


n=—= 
> 
wa 10/6 
Kode Sea Mite ih p 
BID aoisSealQ troveal2 


Problem 1.02. An object is placed 21 cm in front of a 
concave mirror of radius of curvature 10 cm. A glass slab of 
thickness 3 cm and refractive index 1-5 is then placed close 
to the mirror in the space between the object and the mirror. 
Find the position of the final image formed. You may take 
the distance of the near surface of the slab from the mirror 
to be 1 cm. (I.L.T. 1980) 


Thought Process 


o In the absence of the glass slab, image of the object is 
o formed at distance u, which can be calculated by using 
mirror formula. When the glass slab is introduced, the 
reflected ray forming the image gets laterally displaced 
through a distance, 


ant [i b | 
bu 
Therefore, the distance of final image from the pole of 
the mirror =v +d 


Sol. Here, u = — Dh cnet os bem; 


When the glass slab is not placed : Suppose that the 
image of the object AB is formed at a distanceu from the pole 
of the mirror. Then, 


Aree Varied Sel Ot eve screie 
v fou —-5 -21 105 
— 105 


or p= =—6:56cm 
16 


The negative sign shows that the image formed is 
inverted and real. The imageA’ B’ will be formed at a distance 
of6-56 cm from the pole of the mirror as shown in Fig. 1.02. 
B 


reflected from Sout E will suffer refraction at point K. It wil 
follow the path KQ inside the glass slab and on emerging from 
the slab, it will travel along QQ’. Since the ray of light reflected 
from point E gets laterally displaced from path EKB’ to QQ’, 
the image will shift from A’ B’ to A’B’ i.e. through distance 
A’ A” = d given by 


a 


t=3andyu=1-5 
d=3(1-7,}=14m 
1 rs 


Here, 


Hence, the distance of final image from the mirror, 

v+d=6-56+1=7-56 cm 

Problem 1.03. A rectangular glass block of thickness 
10 cm and refractive index 1-5 is placed over a small coin. 
A beaker is filled with water of refractive index 4/3 to a 
height of 10 cm and is placed over a small block. 

_ (a) Find the apparent position of the object, when it is 
viewed at normal incidence. 

(b) If the eye is slowly moved away from the normal ; 
at a certain position, the coin is found to disappear due to 
total internal reflection. At what surface does it happen and 
why ? (LLT. 1975) 

Sol. Fig. 1.03 shows a glass slab ABCD of thickness t, = 
10 cm placed over the coin. The beaker PQRS, filled with 
water to height t, = 10 cm, is placed over the glass slab. A ray 
of light OL from the coin gets refracted away from the normal 
LN, at the glass-water interface AQRD along the path LM. 
On reaching the water-air interface PS, it is refracted away 
from the normal MN, along MN. 


Fig. 1.03. 
(a) The coin appears to be raised from the position O to 
I, due to normal shift produced due to refraction from glass 
to water ; and from position I, to I, due to normal shift 
produced due to refraction from water to air. If “yu, i 
refractive index of glass w.r.t. water, then the total normal shift 
in the position of the coin, 


Ol, =O], +1, In=t a + to b-4] 
Lg M2 


w zeit # Ute ot) « 
Hy, 4/3 


1 1 
Ol, =10/ 1> = [ean 2 
[ aA [ ey 
= 11L42.5:43-1L.cm 


fore, d oin belo 
= 20 —- 3-61 = 16-39 cm 
(b) Of the two interfaces AORD and PS, that interf 
will make the coin disappear, for which the value of criti 
angle is lesser. Let C; and C, be the values of the critical an 
for the glass-water interface and water-air interfé 
respectively. 


reins echaoasnaias ibn tl? — 9,99 
Mg My/ eg ey 15 
or C, = 62°47’ 
Also, sin Cy = J = =~ = 0-75 orc, =48° 
7 2 a aes Ho .4/3 | 


Since C, < C,, the total internal reflection will take pl. 
from the water-air interface first as the eye is slowly mov 
away. Hence, the coin disappears from the view due to tc 
internal reflection at the water surface. 

Problem 1.04. A plano-convex lens has thickness 4 ¢ 
When placed on a horizontal table with the curved surf: 
in contact with it, the apparent depth of the bottom-m 
point of the lens is found to be 3 cm. If the lens is invert 
such that the plane face is in contact with the table, t 
apparent depth of the centre of plane face of the lens 


found to be= cm. Find the focal length of the lens. 


(M.N.R. 1990 ; LLT. 19% 

[Ans. 75 c 

Hint. Proceed as in solved problem 1.44-Chapter 1. 
Problem 1.05. A quarter cylinder of radius R a: 
refractive index 1-5 is placed on a table. A point object F 
kept at a distance of m R from it. Find the value of m | 
which a ray from P will emerge parallel to the table 
shown in Fig. 1.04. (LLT. 19S 


Fig. 1.04. 
Sol. Due to refraction from the plane surface of t 
quarter cylinder, the virtual image I, of the object P is form 
as shown in Fig. 1.05. 


Fig. 1.05. 
For the curved surface of the cylinder, I, acts as the re 
object. As the ray emerges parallel to the table, the final ima 
is formed at infinity. : 
Refraction from plane surface : Suppose that the ima 
I, is formed at a distance v, from the plane surface of t 
quarter cylinder. As the object is situated in rarer medi 
we have 


wy tey Ry 


Here, v,=-MR;R,=%;H=15 
1 5 ioe | ihe pal i 
= ae = or -=— 
—-mR- vy oo eo mR 
or v,=-15mR 


Refraction from curved surface : As the refracted ray travels 
in denser medium, we have 


aig ea Rig 
Uy vy" Ro 


Here, uy =—(v, + R)=-(15mR+R); 
Up = %,R,=-R;w=l5 
ef 1-5 tet bis 
—-(i-5mR+R) @ —R 
or Betied cE vt aft 
15mR+R. R 
1'5mR+R=—R=3R or15mR=2R 
sin vane 4 
ed 15)" 3 


Problem 1.06. The distance between two point sources 
of light is 24 cm. Find out where would you place a 
converging lens of focal length 9 cm, so that the images of 
both sources are formed at the same point. 
(Roorkee, 1988) 
Sol. Fig. 1.06 shows a convex lens of focal lengthf placed 
between two objects I, and I, placed 24 cm apart. The lens 
produces a real image I, of the object S,, while a virtual image 
I, of the object S,. 


Fig. 1.06, 

For source S, : Suppose that the object S, lies at a distance 
x from the lens. If u, andv, denote the distances of the object 
S,and the image I, from the lens, then 


1 1 1 


firisiginia Oe 
u,=-xandf=+9cm 
LL a ist nd 1 hahaa | 


We DY en a ld) 
pSylhc, fx Eloi tnBe me -~ax A eyO CX 
Fer source S, : If uy and v, are distances of the object S, 
and image I, from the lens, then 


Here, 


bas Se ee ae .. (ii) 
j G2 2 
Here, Uy =—(24—x) andf=+9cm 
-Also, as the image I, is formed on the same side of the 
lens and coincides with the image I,, 


Vo =-vV or =—-— 
2 1 V5 v1 
Setting the values of u,, f and ae in equation (ii), we 
U2. 
have 


or — =-— ...(il1) 


V4 9 (24 = x) 
From equations (i) and (iii), we have 


1 1 le Legh 
——S = — 
Oi. miQ4'=H) | Ole x 
‘| perro 
or a Gees 
(24) x 9 


or x2 — 24x + 108 = 0 


—(— 24) + (— 24)? —4x 1x 108 
en 


2 
24+ 576 — 432 . 24+12 
2 

Therefore, the convex lens may be placed between the 
two sources, such that from one source, its distance is 18 cm 

and from the other source, the distance is 6 cm. 
Problem 1.07. A thin biconvex lens of refractive index 
3/2 is placed on a horizontal plane mirror as shown in Fig. 
1.07. The space between the lens and the mirror is then 
filled with water of refractive index 4/3. It is found that 
when a point object is placed 15 cm above the lens on its 
principle axis, the object coincides with its own image. On 
repeating with another liquid, the object and the image 


again coincide at a distance 25 cm from the lens. Calculate 
the refractive index of the liquid. (LI.T. 2001) 


or 


= 18 cm or 6cm 


Fig. 1.07. 


Thought Process 


1. The radii of curvature of the two surfaces of the 
planoconcave lens of water (or liquid) formed between 
binconvex lens and plane mirror are —R and ~, where 
R is radius of curvature of the surface of binconvex lens. 
2. The object can coincide with its image, only if the rays 
of light retrace their paths i.e. they fall normally on the 
plane mirror. It wil! happen so, if the object lies at the 
focus of the combined lens system. 


go 


Sol. Let R be the radius of curvature of the each of the 
two surfaces of the biconvex lens made of material of 
refractive index u( = 3/2). Then, its focal length is given by 


1 Bid dal al avag rosin 
Foun e--ale(§ ME 


When space between lens and plane mirror is filled 
with water : 

Let f, be focal length of the planoconcave lens of water 
formed between the lens and the plane mirror. If “, is 
refractive index of water, then 


f ci Uhiiitlads lass sal ala laa 
If F is focal length of the combined lens system, then 
ba thingy? 4 or = nae ae 7 or, SR =10 cm 
es aes 15 R 3R 


When space between lens and plane mirror is filled 
with liquid : 

Let f, be focal length of the plano concave lens of liquid 
formed between the lens and the plane mirror. If uw, is 
refractive index of the liquid, then 


1 il 1 (U2 — 1) 
patarPlak eee ae 
If F’ is focal length of the combined lens system, then 
caters gi aiete Leg ey 
Foote 25 OR R 
yi? Le Sie ay DED Megat) ee a 
ON a Dri Ove aipegihhion bas" ADP die Moe 25 nO 


or My = 142-16 


Problem 1.08. A pin is placed 10 cm in front of convex 
lens of focal length 20 cm made of material of refractive 
index 1-5. The surface of the lens farther away from the pin 
is silvered and has a radius of curvature 22 cm. Determine 
the position of the final image. Is the image real or virtual ? 


(LL.T. 1978) 
B 


eae mOtenis = - >| 
Fig. 1.08. 


Thought hax ee ee 
Fig. 1.08 shows a pin AB placed at a distance of 10 cm 


from the convex lens of focal length, f = 20 cm. The 
farther face of the lens of radius of curvature R, = 22 
cm is silvered. When a ray of light from the pin falls 
on the silvered lens, first of all its image is formed due 
to refraction by the convex lens (f = 20 cm), then due 
to reflection by the farther silvered surface acting as a 
concave mirror fin = =) and finally again due to 
refraction (the rays reflected from the silvered surface 
are again refracted) by the lens (f =.20 cm). 

If F is the equivalent focal length of the system (lens, 
concave mirror and lens), then .._ 


Lid ie 1 sd ; ; ee 
F f fm f : Soa et 
vee aa ‘ bAgD 
Sol. Here, f = 20 cm ; as = “3 =2en fesanhy inal ae 


Topic igee spot opt OSH 97 
eS tt ht 
Ff) fe 200 tt eae ei 


or F=—cm 


As the system reflects back and converges the rays, it acts 


as a concave mirror of focal length F = or cm. 


For a concave mirror, 


thet Laat 
= ek 
i EK 
Here, fa soma ee ee 
21 
tig Samet ietaie Nuke U 2 te 
Vier Lit LO Pol a 1 
nan’ ae baa te lp Hash it 
LOY r10e  T10 
or v=-l11cm 


The negative sign tells that the image will be formed on 
the side as the pin is. Therefore, the image formed is real and 
inverted. 

Problem 1.09. The radius of curvature of the convex 
face of a plano-convex lens is 12 cm and its refractive index 
is 1-5. 

(a) Find the focal length of the lens. 

(b) The plane surface of the lens is now silvered [Fig. 
1.09]. At what distance from the lens will parallel rays 
incident on the convex surface converge ? 

(c) Calculate the image distance, when a point object 
is placed on the axis 20 cm from the lens. CETSEST979) 


Je ---- F -----4 
Fig. 1.09. 
Sol. (a) Here, R; = + 12cm; R,= %;u=155; 
If f is focal length of the plano-convex lens, then 


or f=24cm 
(b) When the plane surface of the aticmavex i is 
silvered, it acts as a combination* of a plano-convex lens ( f 
= 24 cm),a plane mirror (f,, =). and a plano-convex lens 
(f = 24 cm). If F is effective focal mule of the system, then 
hock oo he dpe de ged 1. 
ee ee ee ek. en 
eB fit of {i ic 1 ©: =i 12% 
VOtege ob cone ee 4) SHOR ESS Gate) is 
As the system reflects back and converges ther rays, itacts 
as a concave mirror of focal length F a ‘12 cm. 
For a concave mirror, ‘ 
ee 


page oy Ta eee ) 


meric, srit £ FINO URIVER “Csr Uo olnere ot yl. 


*For more details, refer to Thought Process of problem Hd. 1.08. 


Tae ne nar peemete es 


DD, aie 12a oO 
or v=-12cm 
Hence, the parallel rays will converge at a distance of 12 
m from the silvered surface. 
(c) Here, u=—20cm;F=-12cm 


hes eg hb oapcp 8 
v Fou -—12 —-20 30 
or v =-30 cm 


The negative sign shows that the image formed is real. 
Therefore, a real image will be formed at a distance of 30 cm 
rom the silvered surface. 

Problem 1.10. A point object is placed at a distance 
»f 0-3 m from a convex lens (focal length 0-2 m) cut into two 
halves, each of which is displaced by 0-5 mm as shown in 
Fig. 1.10. Find the position of the image. If more than one 
image is formed, find their number and the distances 


Chapter 2. 


Problem 2.01. A ray of light is incident at an angle of 
60°on the first face of a prism of an angle 30°. The ray 
emerging out of the prism makes an angle of 30° with the 
incident ray [Fig. 2.01]. Show that the emergent ray is 
perpendicular to the face through which it emerges. Also 
calculate the refractive index of the material of the 
prism. (Karnataka, 1993 ; I.I.T. 1978) 


Fig. 2.01. 
Sol. Here, the angle of prism, A= Ste 
The angle of incidence at the first face, i= 60° ; 
The angle of deviation, 6 = 30° 
If eis angle of emergence, then 
A+od=i+e 
or e =A+6-i=30° +30°-60° = 0° 
~ Therefore, as shown in the figure, the emergent ray will 
be perpendicular to the second face of the prism. 
If r, is angle of refraction at the first face, then from the 
figure, it follows that ry = 30°. . 
Now, jis sane 
sin’, sin 30 
Problem 2.02. A glass:prism of angle 72° and refractive 
index-1-66 is immersed in water of refractive index 1-33. 
Find the angle of minimum deviation for a parallel beam 
of light passing through the prism. . (.L.T. 1977) 
‘Sol. Here, A = 72°; “Ue = 1-66 "Hy = 1:33; 
a 
l ; naruca 4 
Now, “fg = 8 168 bag 
Ly 1:33 of ae 
is the angle of minimum deviation; 


15, 


when the prism 
is immersed in.water, then >) i AywyEe 


I --0°3m-->4 
Fig.1.10. 

Hint. The two halves of the lens will act as two separate 
lenses and hence will form two images. 

To calculate distance between the two images, refer to 
problem 1.05-Competitive Examination File (Unit AAay 

Note. For such one typical problem, refer to conceptual 
SAQ 5.05-Chapter 5 (Unit VI) also. 


Dispersion 
ee eer On) 2 
Mg sin A/2 
or sin (A+ 6,,)/2 = Me sin A/2 = 1-248 x sin 72°/2 
= 1.248 x 0.5878 = 0-7336 
Ga aCA + 6,.)(2=47°11! 
OF O44 = 2 x (47°11) — A = 94°22" — 72° = 22° 22) 
Problem 2.03. A prism of refractive index uw, and 
another prism of refractive index j/, are struck together 
without a gap as shown in Fig. 2.02. The angles of the 
prisms are shown. j/, and 4, depend on A, the wavelength 
of light according to 
10-8 x 10* 
A2 


10-8 x 10* 
fy =1:20+ and Woedi 4o-heranyt—: 
where / is in nm. 

(a) Calculate the wavelength, for which rays incident 
at any angle on the interface BC pass through without 
bending at that interface. 

(b) For light of wavelength /,, find the angle of 
incidencei on the face AC, such that the deviation produced 
by the combination of prisms is minimum. (L.1.T. 1998) 


Fig. 2.02. 


Thought Process. 


1. If rays incident at any angle on the in terface BC pass 
through without bending at the interface for wavelen oth 
Ag, then mz and “, must have the same value for that 
wavelength i.e. 
1-80 x 10° 1:80 x 10* 
eT era ie HAS Ul oe eee: Freon 

Ig Ip 


1420 + 


omy oe 


. For wavelength A or 


ig or | ee 
combination of the two prisms acts as a sing 


le prism, 


whose base angles are 60° each. Therefore, vertex angle 
E must also be 60°[Fig. 2.03]. 
3. In the minimum deviation position, the refracted ray 
QR is parallel to the base AB of the prism. Also, the 
angle of refaction, 

a angle of prism 


Fig. 2.03. 


Sol. (a) If the ray incident at the interface BC passes 
undeviated for the wavelength A, then 


10-8x104 1-80x 104 
1-20 + ——— = 1-45 + 
Ao Ao 
9-0x 104 
or age e025 
0 
\ 4 
or Agik eR 10 cena uate 
V 0-25 


(b) Now, refractive index of the material of the prism for 
wavelength A, , 


1-80 x 104 
(600)2 


If the ray of light suffers minimum deviation, when 
incident at angle i, then angle of refraction, 


M=1-:20+ =1:20+0°3=1-50 


in i 


s 
From the relation: “= mare we have 


sini =“ sin r = 1-50 sin 30° = 1-50 x 0:5 = 0-75 
i = 48°-36' 

Problem 2.04. The refractive indices of the crown glas 
for blue and red light are 1-51 and 1-49 respectively an 
those of the flint glass are 1-77 and 1-73 respectively. A 
isosceles prism of angle 60° is made of crown glass. A bear 
of white light is incident at a small angle on this prism. Th 
other flint glass isosceles prism is combined with the crow 
glass prism such that there is no deviation of the inciden 
light. Determine the angle of the flint glass prism. Calculat 
the net dispersion of the combined system. (LIT. 2001 

Sol. Let A, and A, be angles of crown and flint glas 
prism respectively. 

For crown glass prism : w, = 1-51 ;u,= 1-49 and A, =6 

Refractive index for mean light, 


+ 1:51 +1-4 
y= MoE Br = SON 5150, 


For flint glass prism : 1,’ = 1-77 ; u,’= 1-73 
Refractive index for mean light, 
ort lant the demucls boc! todo 
Spneantx oudieas ae 
For no deviation, 
A(u-1)+A’@'-1)=0 
or 6° (1:50-1) +A’ (1-75-1) =0 
pu. OP 28050 i 
or = 0.75 =-4 
Net dispersion = A (u,—,) + A’ (uy, —,’) 
= 6° (1-51 — 1-49) + (-4°) (177 - 1-73) 
=-—0-04° 


=1-75 


Chapter 3. Optical Instruments 


Problem 3.01. A compound microscope is used to 
enlarge an object kept at a distance of 0-03 m from its 
objective, which consists of several convex lenses and has 
focal length 0-02 m. If a lens of focal length 0-1 m is removed 
from the objective, find out the distance by which the eye- 
piece of the microscope must be moved to refocus the 
image. (Roorkee, 1991) 

Sol. Let F be focal length of the objective consisting of 
several convex lenses. 

Here, F= 0-02 m;u=-0-03m;_ 

if the image is formed at a distance v from the objective, ; 


then BN 
DE e008 9 0-0 
v F,u 0-02 -0-03° 0:02x0-03 
=i 07002. % 0:03 fie : aie cat 
Or ut Guat GiOh RLGh toe mee aren 


" Whenone lens of focal length f =0-lis removed, suppose Hf 
that the new focal length of the objective becomes‘F!’Then; = 


PL RRL? F hile ak io snKiy ald moawiet 
aoe re if hep ty Sorreterb. orb fy it (a) . 
: it Yo? wero Lexddaieo of rtrott 
or heed dt sical Seth deed ort oi 160A () 
FyocFoy fa 5:02.) Od Odint nord oi sadw 


or F="*=0-025m 
If the new position of the image is at a distance v’ from 


the objective, then 


biked il 1. 0+03 =0-025 
v' Fu" 0-025 0:03 0-025x 0-03 
or phy DN? OS quamtind 
0-005 


Therefore, the distance through which the eye-piece of 
the microscope should be moved, 
vy = 0-15 =0-06 = 0-09 m OMT 
Problem 3.02. In a compound microscope, the 
objective and eye-piece have focal lengths of 0.95)é and 
5 cm respectively and are kept at.a distance of 20 cm: The 


. last image is formed at a distance of 25 cm from the eye- 


piece. Calculate the position of the object and the total 
magnification. pase ig? \2\.4 eds uRoorkee, 1988) 
Sol. Here, f, = 0-95 cm; f,=5cm; 
Distance between the objective and the eye-piece = 20 
cmos OR EOE ORs he) Oe” oe 
Refer to Chapter 3 — Fig. 3.03:: For the eye-piecé;the 
image A’ B’ (formed by objective) acts as the object and its 


e distance u, of the image A’ B’ (objective for eye-piece) 
m the eye-piece is given by 


_felichind pane 
By fe 
Here, v,=-25cm 
1 1 1 1 i 6 
ee ee ee ee 
or u,=—-—cm 


If the distance of the image A’ B’ from the object is v, , 
en 
v,+!u, | =20 


or vy = 20-lu, 1= 204-2 = om 
at sith intone TP12'H) Sod likw 94 
Geert | eT Oe os A oO 95 
95 
or u,=-—cm 
94 


Magnification produced by the microscope, 


perder pe) eee (+3 
Ul fe) —95/94\4 2 


The negative sign shows that the final image formed is 
al and inverted. 

Problem 3.03. A telescope has an objective of focal 
ngth 50 cm and eye-piece of focal length 5 cm. The least 
istance of distinct vision is 25 cm. The telescope is 
cussed for distinct vision on a scale 200 cm away from the 
jective. Calculate (a) the separation between the 
»jective and eye-piece (b) the magnification produced. 


— 94 


2 ‘Jo 
u,=- 200 cm; 
Image formed by the objective : Refer to Chapter 3 — Fig. 
3.05. If the objective forms the image A’ B’ at a distance v, 
from the objective, then 
1 1 1 1 i 3 
+—=— +—__ = —— 
Wy i dP Ue ier cn ae0 


or 


Image formed by the eyé-piece : For eye-piece, the image 
A’ B’ acts as object and its virtual image A’ B’ is produced 
by the eye-piece at the least distance of distinct vision. If the 
image A’ B’ is at a distance u, from the eye-piece, then 


hee Logit iitiosl | 
ui, otvgin f, 
Here, v,=-D=-25cm;f,=5cm 
PT 26 Aor: I 1 gi "6 
BN ES LO (RES 20 Woah) 25 
or u,=—-—cm 
e 6 Cc 
Therefore, separation between objective and eye-piece, 
: 200i 256425 
CC’ = lu, |+ lu, Fim ae 6 = 7 = 70-83 cm 
v 200 /3 i 
b) N: 0 
os bial aS pa 
Ve Fries 
mm, =—= =\6 
ae eas = 25/6 


Magnification produced by the telescope, 
m=Mm, Xm, =-3x6=-2 


The negative sign shows that final image formed is real 
and inverted. 


(I.1.T. 1980) 
Chapter 5. Interference of Light 
Problem 5.01. In a two slit experiment with ADA 
onochromatic light, fringes are obtained on a screen Now, A he Be, 
laced atsome distance from the slits. If the screen is moved AB 3x 1075 
y 5x 10-2 towards the slits, the change in fringe width is or A= ——~ X ———7 X 107° =6x107m 
x 107. If the distance between the slits is 10-> m, calculate AD 5x10 


.e wavelength of the light used. (Roorkee, 1992) 


Thought 2x0 ¢e—$$ $$$ 
A ae 
=| pit 


follows that for.a given slit, separation (d) and the. 
wavelength of light (A); the fringe width (B) varies ~ 
,... directly.with the distancé.of screen (D) from the:slits.:' 
. 9+.) Therefore; if D is decreased’ by AD, the fringe width-will 
» decrease by A B, such that Seer hae 
| erate ay en 
ws Oe! mere wis 

Sol. Here, d'= 10m; A D5 x 107 mi} 03 1910" 

Eyi6 * A fr=3 X1045 miy3,90 9 5 yiriot) “ats 


From the expression for fringe width p= 


Problem 5.02. In a Young’s double slit experiment, the 
angular width of a fringe formed on a distant screen is 0-1°. 
The wavelength of light used is 6000 A . What is the spacing 
between the slits ? (Roorkee, 1983) 
Hint. ng ah Ee sang 

POT D d 
It can be obtained that d = 3-44 x 104m 
_ Problem 5.03. A beam of light consisting of two 
wavelengths 6500 A and 5200 A is used to obtain 
interference fringes ina Young’s double slit experiment. 
The: distance:between the slits is 2 mm and distance 
between the plane of the slits and the’screen is 120 cm . 

(a) Find the distance of third bright fringe on the screen 
from the central maximum for the wavelength 6500 A . 

(b) What is the least distance from the central maximum, 


-s™! when the bright fringes due to both the wavelengths coincide ? 


(LLT. 1985) 


D}=120'em =1-2 me 
A= 6500 A=6-5 x 10-7 m;4’ =5200A =5:2x 107m 
(a) The distance of nth bright fringe from the central 
maximum, 


Therefore, distance of the third bright fringe (n = 3) for 
wavelength A (= 6-5 x 10-7 m), 
_ 3X1:2x6-5x10-” 
2x 10° 


(b) Suppose that the nth bright fringe due to wavelength 
A coincides with the n’th bright fringe due to wavelength J’. 


¥3 = 1-17 x 103 m=117 mm 


Then, nDA_n DA 

d 
or HA =e mE) 
Since A>An<n'. 


The two bright fringes will coincide at the least distance, 
ifn and n’ differ by lie. n’=n+1 

Therefore, equation (i) becomes 

nad=(n+1)d' 

or 1x 65x 10-7 =(n +1) x 5-2 x 107 

or 5n= 4(n+1) 

or n=4 

Therefore, required distance, 
|), a ADA_4X1:2%6:5x1077 

hae: 2x 10%" 
= 1-56 mm 

Problem 5.04. A point source S emitting light of 


wavelength 600 nm is placed at a very small height h above 
a flat reflecting surface AB [Fig. 5.01]. The intensity of the 


Pp 


= 1-56 x 103m 


SCREEN 


= 
mame me KOK ee ee ee ee 
vp) 


A . B 
Fig.5.01 
reflected light is 36% of the incident intensity. Interference 
fringes are observed on a screen placed parallel to the 
reflecting surface at a very large distance D from it. 

(a) What is the shape of the interference fringes on the 
screen ? 

(b) Calculate the ratio of the minimum to the maximum 
intensities in the interference fringes formed near the point 
P. 

(c) If the intensity at point P corresponds to a 
maximum, calculate the minimum distance through which 
the reflecting surface AB should be shifted so that the 
intensity at Pagain becomes maximum. ...,....,,(I.LT. 2002), 

Sol. (a) The locus of point around. point P,,where, light 
reaches directly from source S or after reflection from the 
reflecting surface AB after covering equal path is circle. 
Hence, interference fringes are circular in shape. 


andL1 


4 a a sal { rnt rea 1 tr 20) 
1 7 O eS, 
directly from the source and after reflection from the 
reflecting surface. Then, 

36 In 


he T or —= 0-36 
2100, I, 
Ay” 
— = 0°36 La(GY 
or a2 or Ay = 0-6 a, 
bl is (a, a)? ud (a, —0:6 ay)> 


pee TL nax I (a, +a)" (a, +0-6 a,)* 


-(o4y Bridt 
1:6 16 


(c) Now, the source of light lies a distance h above the 
reflecting surface. Therefore, its image will lie a distance h 
below it. Hence, path difference between the light waves 
reaching the screen from the source and its image will be 
2 h. Suppose that the source of light is shifted through a 
distance x from the reflecting surface. Then, path difference 
between the light waves reaching the screen from the source 
and its image will be 2 (h + x). It follows that due to shifting 
of the source, an extra path difference, 

Ax=2(h+x)-2h=42x 
will be produced. The intensity of light at the point P will be 
again maximum, if 


DI oma | or x=—=—=300nm 


Problem 5.05. The Young’s double slit experiment is 
done in a medium of refractive index 4/3. A light of 600 nm 
wavelength is falling on the slits having 0-45 mm 
separation. The lower slit S, is covered by a thin glass sheet 
of thickness 10-4um and refractive index 1-5. The 
interference pattern is observed on a screen placed 1:5 m 
from the slits as shown in Fig. 5.02. 

(a) Find the location of the central maximum (bright 
fringe with zero path difference) on the Y-axis. 

(b) Find the light intensity of point O relative to the 
maximum fringe intensity. CELE P1999) 


SCREEN 


Thought Process 


1. Since light from‘two:sources does not travel in the 
same optical medium, the path difference between the 
light from the twovsources has to be calculated from the 
optical paths. © ~ 2. oe 

2. When both the slits are. uncovered, the central 
maximum is formed at the centre of the screen... ... 
When the lower slit S, is covered with a glass plate, 
the path of light from fagube slit S, upto the centre of 
the screen will be a little more than that from upper 
slit S,. Therefore, the point O’ on the screen, where 


i gO 


the light fro poss 
difference, will lie a little below the point O. 
3. If pis the phase difference between the light rays 
reaching point O from S, and S., then intensity of light 
at point O, 


where Lng, is intensity at point O. 


Sn 
Sol. (a) Fig. 5.02 shows the Young’s double slit 
xperiment arrangement in a medium of refractive index 1,,,. 
The lower slit S, is covered with a glass sheet of thickness tf 
ind refractive index 1. The point O is centre of the screen. 
since [, > Hn, the length of the optical path S;O will be less 
han that of S,O. Let O’ be the point on the screen ata distance 
/ below the point O, such that the lengths of the optical paths 
of light from slits S, and S, to point O’ are equal. 
Now, optical path of light from slit S; to O" 
=f. oO. 
and optical path of light from slit S, to O" 
=U S20’ - Hint + Met 
For the central bright fringe to be formed at point O’, the 
two optical paths have to be equal i.e. 
yy 94O" = Hy SO" — Mn E+ Mg t 
or U,, (S,0' -S,0") = (Uy — Hm) t 1G) 
If dis distance between the two slits and D, the distance 
of the screen from the slits, then 


Therefore, equation (7) becomes 
yd 
Min (A=, — Um) t 


4 
Here, Hm = 31 Hg =1-5; 


d = 0-45 mm = 0-45 x 107 m; 
D=15m;t=10-4um=10-4x10%m 
- 0-5 10-4x 10° X 3X15 


“45x 107° 
*. oe iota one -(1-5-]x 10-4x 107° 
3 3 
4x3x0:45x10-° 


1:5 
0:-5x10-4x107° x 3X1°5 


or y= = 
4x 3x0-:45x 10 
= 4.33 x 10m 
(b) The refractive index of glass plate w.rt. medium, 
Te ast 9 
m 


Aga» UPB 1B 
»Therefore, path difference between light paths S,O and 
S,0, ; vy % 

adi } “ 
x= My, tot=a t-te 5 

“Phase difference between the light reaching point O 
from S, and 5, ed Nien 
er A 2a ' ott Mage “cb 


tae toa ema 
Pay Adar wavioe ot 


ae 
puns cient A stoi IPA 


WA) 


_@x10-4x10°° 13% 
4x 600x 10°” 3 
Therefore, intensity of light at point ©} 


9 13 
1 =(jnax = COS? = Lingx COS” bina COS” 
2. 
v3) 233 
= Tmax oe = 4 Lnax 


Problem 5.06. A glass plate of refractive index 1-5 
coated with a thin layer of thickness t and refractive index 
1-8. Light of wavelength 4 travelling in air is incident 
normally on the layer and the two reflected rays interfere. 
Write the conditition for their constructive interference. If 
A = 648 nm, obtain the least value of t for which the rays 
interfere constructively. (.1.T. 2000) 

Sol. Here, refractive index of glass plate, u = 1:5 

and refractive index of the coating layer, “’ = 1:8 

When the rays of light are reflected from the glass surface 
and the surface of the coating layer, the optical path difference 
between the two rays, 

Ax=2' t, 
where t is thickness of the coating layer. 

Since y’ > u, the rays of light suffering reflection from 
coating layer (optically denser medium) undergoes a phase 
change of x (or path difference of 4/2). On the other hand, 
there is no change in phase of the ray of light suffering 
reflection from glass plate (optically rarer medium). 
Therefore, net path difference in the path of two rays, 


A A 
Ax’=Ax+—=2y't+— 
: 2 


For constructuve interference between the two rays of 
light, 


Ax = nr Of 2wi+Sand 


1 
or 2u't=(n—)A, where n= 1,23, mee 


It is the condition for constructive interference between 
the rays of light. 

The least value of the thickness of the coating layer 
corresponds to n = 1, 1.¢. 


; A A 
2M tin = 2 or tin = 4m 
Here, A = 648 nm and.) “= 1:8 
648 
ae EXL8 = 90 nm 


Problem 5.07. A vessel ABCD of 10 cm width has two 
small slits S, and S, sealed with identical glass plates of 
equal thickness. The distance between the slits is 0-8 mm. 
POQ is the line perpendicular to the plane AB and passing 
through O, the middle point of S, and S,. A monochromatic 
light source is kept at S, 40 cm below P and 2 m from the 
vessel, to illuminate the slits as shown in Fig. 5.03. Calculate 
the’ position of the central bright fringe on the other wall 
CD with respect to the line OQ. Now a liquidis poured into 


ed upto central bright frin 
found to be at Q. Calculate the refractive index of the liquid. 
(I.1.T. 2001) 


A D 


p 
oO 
° 
mt 


n 
a Se 


——————_ 2m oye gi hike 19 10cm hes 
Fig. 5.03 

Sol. Here, 5,5, = 0-8 mm = 0-08 cm ; PS = 40 cm, 

OP = 2 m= 200 cm and OO = 10 cm: 

Suppose that central maximum is formed at a point K 
on the wall CD, such that OK = y. The liquid waves from the 
source S illuminate the slits S, and S, and then reach point K 
as shown in Fig. 5.04. A D 


s Fig. 5.04 
For point K to be the position of central maximum, 
(SS, + S,K) - (SS, + SK) = 0 
SS; - SS, = S,K -S,K 

From points S, and Sj, drop S,M and SN 
perpendiculars to SK and SS, respectively. 


or 


(i) 


Then, SS, - SS, = S;N and 

Therefore, equation (i) becomes 
S,N =S,M 

Let ZPOS = a. Then £S,5,N = a@ 

Hence, from right angled A S,NS,, we have 
SN = S,S, sin a = 0-08 sin a 

Also from right angled A OPS, we have 


S)K - S,K = S,M 


...(ii) 


P 40 
sin a = tan a = —- =——=(0)-2 
OP 200 
oy S,N = 0-08 x 0-2 = 0-016 cm 
Similarly, it can be obtained that 
S2M =S})S> sin B=S,S> t =0:8x ——=0-08x =. 
2 152 sin 8 =S,S> tan B OQ” 10 
Substituting for S,N and S,M in equation (ii), we have 
Hain 2 GOTO 10g sie ties 
0-016 = 0-08 x — EO A area . 
WO eT said seoa an 


When liquid is poured into vessel upto'OQ : On puring)| 
_ liquid upto OQ, the light waves from source $ will reach the 
point Q as shown in Fig. 5.05. a 


S Fig. 5.05 
Light waves from S, travel in air, while those from S» 
travel inside the liquid. Therefore, optical path difference 
between S,Q and S,Q is equal to (u — 1) S,Q. Further, as 
S)S, << OQ, 5,0 ~ OQ and hence optical path difference 
between light waves reaching point Q from sources S, and 
Sy is (u - 1) OQ. 
For point Q to be the position of central maximum, 
SiIN=(@-1)0Q_ or 0-016 = (u-1) x 10 
or HK = 1-0016 
Problem 5.08. In the Fig. 5.06, S is a monochromatic 
point source emitting light of wavelength A = 500 nm. A thin 
lens of circular shape and focal length 0-10 mis cut into two 


Fig. 5.06. SCREEN 


identical halves L, and L, by a plane passing through a 
diameter. The two halves are placed symmetrically about 
the central axis SO with a gap of 0-5 mm. The distance along 
the axis from S to L, and L, is 0-15 m, while that from L, 
and L, to O is 1-30 m. The screen at O is normal to SO. 

(a) If the third intensity maximum occurs at the point 
P on the screen, find the distance OP . ' 

(b) If the gap between L, and L, is reduced from its 
original value of 0-5 mm, will the distance OP increase, 
decrease or remain the same ? (LLT. 1993) 


Thought Proceggy (0? = gr aii ea eet 


The two parts L, and L, of the lens are placed to form 
of EZ gap AB = 0:5 mm, As the source S lies between F. . 
| and 2 F of the lens, the two parts L, and L, will form: 
real images S, ans S, of the source S on the other side 
of the lens as shown in Fig. 5.07. The two images. S, 


and S. act as two coherent sources and produce 

interference pattern on, the'screen. che res, 

Here, the distance of screen from the slits, si 
D = 1-30. « Gin metre), 9 Me 


at i i 
\\ where:the distance w of the images Sand S, from the 
lens-can, be found-by applying uv-relation for a lens. 
Further, the distance between the slits,.d = St Sp. 
~The value of d can be found from the similar triangles 
SAB and SS, S,. 
ren a 


SCREEN 
Fig. 5.07. 
Sol. (a) Here,w=-0-:15m; f=0-10m; 
1. 
Now) "ts p 
Hn Vif 
: Shieel 1 1 1 
or —-—=> + = + ~ = = 
Pridcfon ol 9) 0:01 jer 0°-15):-0.730 
or v = 0:30 m 
D = 1:30 — 0-30 = 1:0 m 
Chapter 6. 


Problem 6.01. Angular width of central maximum in 
Fraunhofer diffraction pattern of a slit is measured. The 
is illuminated by light of wavelength 6000 A. When the 
-is illuminated by light of another wave-length, the 
rular width decreases by 30%. Calculate the wavelength 
this light. The same decrease in the angular width of 
tral maximum is obtained, when the original apparatus 
mmersed in a liquid. Find refractive index of the liquid. 
(LIT. 1996) 
Sol. Ifa is width of the slit and/, the wavelength of light 
.d, then 
angular width of the central maximum, 


Zz 8, = cre AG) 
Suppose that when light of wavelength 1’ is used, the 


me 


ia 


Since triangles SAB and S, and S, are similar, 
5Q; AB 
SQ2 5152 


Now, SQ,=u;SQ,=utv,; 
AB =0-:5 mm =0-5 x 10° mand §, S, =d 
u _ 0-5 1079 
utv d 
or Ate eS x 103 CeO 59.5 19-9 
u 0-15 
=15x10%m 
The distance of third intensity maximum is given by 
_3DA 
are 


Here, 2 = 500 nm = 500 x 10? m 
3x 1:0x 500x107” 
15x 10-9 
(b) As the gap AB between the two parts L, and L, is 


decreased, the value of distance d will decrease. From the 
expression for y3, it follows that OP will increase. 


OP = y3 = =10°m=1mm 


Diffraction of Light 


Since the width of central maximum decreases by 30% 
i.e. becomes 70% on using light of wavelengthd’ in place ofA, 


26;'=-—- x26, =0:70x26, 
100 


or 26,'=0-70(24) 
a 


From equations (ii) and (iii), we have 
a 


... (iii) 


a 
or A’ = 0-70 x A = 0:70 x 6000 = 4200 A 
The same change in angular width of the central 
maximum will be obtained on immersing the apparatus in a 
liquid, if the refractive index p of the liquid is such that 


ith of the central maximum becomes 2 6,".. Then, - a _ A _ 6000 ee 

7Y ii) DUE may aciay ied. AEOON 

a . 
Chapter 7. Polarisation of Light 
Problem 7.01. A beam of plane polarised light falls =I ee, 

rmally on a polagiser (cross-sectional area 3 x 10-4 m2), mre.G0e 9 
lich rotates abowt the axis of the ray with an angular Now, average value of cos“ @ over complete cycle 
locity of 31-4 rad s~!. Find the energy of light passing PP a iL. 
ough the polariser per revolution and the intensity of ti 
ergent beam, if flux of energy of the incident ray is 10~ rows 

| (Roorkee, 1994) Therefore, 1 =I, Mie 


Thought Process 

As the polariser is continuously rotating, the angle 0 
between the direction of electric vector and the optical 
axis of the polariser also varies continuously from 0 
i) 0 2 ae Therefore, in the expression for intensity of light 
-\ transmitted from the polariser (I = 1, cos? 6) , the 


‘average value of cos? @ has to be substituted. In other 


2\?2words, 


Sol. Here, flux of energy of the incident ray 10° W ; 
cross-sectional area of the polariser, A = 3 x 10 m? 
and angular velocity of the polariser, w = 31.4 rad s! 
Now, intensity of incident light, 

_ flux of energy of the incident ray 


os ; : 
_ area of polariser 


srg ba we 
3x 1074 


Theretore, intensity of emergent b 
=3 
vies To = ae = 5 Wm 
2° 2x38 1p a 
Further, energy of the light passing through the polariser 
per revolution, W =I x A x T, 
where T is time taken by the polariser to complete one 
revolution. 
Therefore, 
E=1xAx =2x3x 10-4 ex 
WM . 
Problem 7.02. Unpolarised light of intensity 32 W m-? 


passes through three polarisers, such that transmission axis 
of last polariser is crossed with the first. If intensity of 
emerging light is 3 W m~, what is the angle between the 
transmission axis of the first two polarisers ? At what angle 
will the intensity of transmitted light be maximum ? 

Sol. Let 6,, be the angle between the transmission axes 
of the first two polarisers P, and P, and @,,, the angle between 
the transmission axes of polarisers P, and P3. Then, 

94 + O53 = 90° (i) 


=10*J 


rumgiesh 

porciigires AL) 

lati ts muertos (8) 

pitgoos he sre” () 

seine chod tp fue {) 
: svaorigps nA Sf 

fon 23) .sapinviue te 


ae oe : LU Tbe " a. 
Let I, I, and I, be the intensities of light on passin; 
through the first, Stent and third polariser respectivel 
Then, 


td, Sdoaraeae? : 
ae 


According to Malus law, intensity of light on passin; 
through second polaris 
117 t6s* 6,, 
or I, =.16 cos* 6, al 
and intensity of es on passing through third polaviam 
I, = I, cos? 45 = [16 cos? 6,5] cos* (90° — 6,5) 
or I, = 16 cos* 0, sin? 6,5 = 4 sin’ 2 0,5 
Since I,=3Wm~, we have 


Bulg 


4sin?20,,=3 or  sin20y= 


or 26;,=60° or 49 = 30° 
For Saried feet (I,) to be maximum, 


sin? 26,=1 or sin26,,=1 
or 2 O49 = = 90° or 949 = 45° 
' 
‘Ai a. m 
Oslo ocitib ferieisin aii t } 
vie Vad PAE at aeale Ans a ne yh vy 
“abt ave oastovernl nodT c\Cl ei tie Xan! Ate ; 3 atl 
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Chapter 1. 


tRT I. TEXT-BASED QUESTIONS 


1. 


Velocity of light is maximum in 

(A) diamond (B) water 

(C) glass (D) vacuum  (A.FM.C. 1996) 
The refractive index of water is 1-33. What will be the speed 
of light in water ? 
(A) 3x 108ms! 
(C) 4x 108ms"! 


(B) 2:26 x 108ms 
(D) 1.33 x 108ms 

(C.B.S.E. 1996) 
Light travels through a glass plate of thickness t and having 
a refractive index u. If c is the velocity of light in vacuum, 
the time taken by the light to travel this thickness of glass 
is 


> 
a 


(A) tuc (B) 


t 


(C) Cc (D) (C.B.S.E. 1996) 


Time taken by the sun light to pass through a glass slab of 
4 mm thickness, whose refractive index is 1-5, is 
(A) 2 x10-'s (B) 2x 10's 
(C) 2x10" s (D) 2x10!'s 

(A.EM.C. 1997 ; C.B.S.E. 1993) 
Green light of wavelength 5460 A is incident on an air-glass 
interface. If the refractive index of glass is 1-5, the 
wavelength of light in glass would be (Given velocity of 
light in air, c= 3 x 10° ms“) 
(A) 3640 A (B) 5460A 


(C) 4861 A (D) None of the above. 

(C.B.S.E. 1993, similar Karnataka Entrance, 1991) 
A beam of monochromatic light is refracted from vacuum 
into a medium of refractive index 1-5. The wavelength of 
refracted light will be 
(A) same. 
(B) dependent on intensity of refracted light. 
(C) larger. (D) smaller. (C.B.S.Brat992) 
A glass slab of thickness 4 cm contains the same number 
of waves as 5 cm of water, when both are traversed by the 
same monochromatic light. If the refractive index of water 
is 4/3, what is the refractive index of glass ? 
(A) 5/3 (B) 5/4 
(C) 16/15 (D) 1:5 

(Karnataka Entrance, 1990) 

The lateral shift produced in a parallel sided glass slab 
depends on 
(A) the angle of incidence. 
(B) the thickness of the glass slab. 
(C) the refractive index of the material of the slab. 
(D) all these. (Karnataka Entrance, 1991) 
The refractive index of air w.r.t. glass is 2/3. The refractive 
index of diamond w.r.t. air is 12/5. Then the refractive index 
of glass w.r.t. diamond will be 
(A) 5/8 (B) 8/9 
(C) 5/18 (D) 18/5 (C.B.S.E. 1993) 
If‘u ; tepresents refractive index, when a light ray goes from 
medium i to medium j, then the product 2u, x %u, x 4u, is 
equal to 
(A) 3x, 
(C) “nu, 


o f= =| 


(B) Su 


(D) 4u, (C.B.S.E. 1990) 
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13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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Refraction of Light 
11. 


A transparent cube contains a small air bubble. Its apparent 
distance is 2 cm, when seen through one face and 5 cm 
when seen through other face. If the refractive index of the 
material of the cube is 1-5, the real length of the edge of the 
cube must be 
(A) 7 cm 

(C) 10:5 cm 


(B) 7-5cm 
(D) 4:67 cm 

(C.B.S.E. 2000 ; C.P.M.T. 1992) 
A ray of light from a sodium lamp undergoes total internal 
reflection. The critical angle will be smallest, when it 
travels from 
(A) water to glass. 
(C) glass to water. 


(B) glass to air. 
(D) water to air. 

(Karnataka Entrance, 1987, 1985) 
Total internal reflection takes place, when light travels 
from 
(A) water to glass. 
(C) water to air 


(B) glass to diamond. 
(D) air to mercury. 

(GET? 1998) 
The critical angle of light passing from glass to air is 
minimum for 
(A) red. 
(C) yellow. 


(B) green. 
(D) violet. 
(Karnataka Entrance, 1993) 
A ray of light travelling in a transparent medium falls on 
a surface separating the medium from air at an angle of 
incidence of 45°. The ray undergoes total internal 
reflection. If is refractive index of the medium w.rt. air, 
select the possible value(s) of from the following : 
(A) 1:3 (B) 1-4 
(C) 1:5 (D) 1-6 (LLT. 1998) 
The sun becomes visible before the actual sunrise and 
remains visible even after the actual sunset. It is because 
of 
(A) scattering of light. (B) diffraction of light. 
(C) refraction of light. (D) dispersion of light. 
The twinkling of stars is due to 
(A) periodic bursts of light from the star. 
(B) interference between light from the sun and star. 
(C) partial absorption of light in the atmosphere. 
(D) refractive index fluctuation in the atmosphere. 
(A.E.M.C. 1995) 
In optical fibres, the following principle is used : 
(A) Scattering (B) Successive reflections 
(C) Refraction (D) Total internal reflection. 
(Karnataka Entrance, 1994) 
Transmission of light in optical fibre is due to 
(A) scattering (B) diffraction 
(C) polarisation 
(D) multiple total internal reflection 
Large aperture of lens results in 
(A) chromatic aberration. 
(B) spherical aberration. 
(C) curvature. (D) astigmatism. 
The spherical aberration in a lens may be minimised by 
designing the lens so that the deviation of rays is 
(A) minimum. 
(B) minimum at first surface. 
(C) minimum at second surface. 
(D) equal at both surfaces. 
An equi-convex lens has focal length equal to the radius 
of curvature. Its refractive index is 


(C.B.S.E. 2001) 
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(C)aies (D) 1-5 (Karnataka, 1993 
What is the focal length of a double convex lens for which 
radius of curvature of the surfaces is 40 cm (4 aS 1.5) ? 
(A) 50cm (B) 40cm 

(C) -30cm (D) —40cm (C.P.M.T. 1992) 
A plano convex lens is made of refractive index 1-6. If the 
radius of curvature of the curved surface is 60cm, then 
focal length of the lens is : 

(A) 50cm (B) 100 cm 

(C) 200 cm (D) 400 cm (C.B.S.E. 1999) 
If in a plano-convex lens, radius of curvature of convex 
surface is 10 cm and the focal length of the lens is 30 cm, 
the refractive index of the material of the lens will be 
(A) 1:5 (B) 1-66 

(C) 1-33 (D) 3 (M.N.R. 1988) 
A thin symmetrical convex lens of refractive index 1-5 and 
radius of curvature 0-3 m is put in water of refractive index 
4/3 . Its focal length is 


(A) 0-15 m (B) 0:30 m 
(C) 0-60 m (D) 1-20m (Roorkee, 1992) 
A concave lens of glass, refractive index 1-5, has both 
surfaces of the same radius of curvature R. On immersion 
in a medium of refractive index 1-75, it will behave as 
(A) convergent lens of focal length 3-05 R. 
(B) convergent lens of focal length 3-0 R. 
(C) divergent lens of focal length 3:5 R. 
(D) divergent lens of focal length 3-0 R. (I.1.T, 1999) 
Focal length of a convex lens of refractive index 1-5 is 2 cm. 
Focal length of lens, when immersed in a liquid of 
refractive index of 1-25 will be 
(A) 10cm (B) 75cm 
(C) 5cm (D) 2:5 cm (C.B.S.E. 1993) 
A camera is focussed to take a close up picture of an 
insect at a distance of 5 cm from the camera lens. If the 
film is 10 cm away from the lens, what must be the focal 
length of the lens, expressed in cm ? 
(A) 3-3 cm (B) 10cm 
(C) 5cm (D) 2cm 
(Karnataka Entrance, 1992) 
The graph drawn with object distance along abscissa and 
image distance as ordinate for a convex lens is 
(A) a straight line. (B) a circle. 
(C) a parabola. (D) a rectangular hyperbola. 
(Karnataka Entrance, 1993) 
Two plano-convex lenses, each having focal length of 
0-4 m, are pressed against each other at their plane faces. 
This forms a double convex lens. At what distance from 
this lens must an object be placed to obtain a real, inverted 
image with magnification one ? 
(A) 0-8 m (B) 0-4m 
(C) 0:-2m (D) 146m 
(Karnataka Entrance, 1989 ; N.C.E.R.T. 1980) 


A film projector magnifies a 100 cm? film strip on a screen. 


If the linear magnification is 4, the area of the magnified 
film on the screen is 


(A) 1600 cm? 
(C) 800 cm2 


(B) 400 cm? 
(D) 200 cm2 

(C.P.M.T. 1991 ; N.C.E.R.F..1975) 
The focal length of a convex lens is 30 cm and the size of 
image is quarter of the object. Then, the object distance is 
(A) 150 cm (B) 90cm | 

(C) 60cm (D) 30cm (A.F.M.C. 1995) 
The distance between the object and the screenis)D. A 
convex lens forms the image of the object on the screen in 
two positions separated by a distance a. The ratio between 
the size of the two images will be 


35. 


37: 


38. 


43. 


44, 


ty) D+ 


(©) /D/a (D) ‘D-a)?/(D + a)? 
(A.F.M.C, 1998 
For a given distance between an object and an imag 
screen, magnification is 3 for a certain position of conve; 
lens. On moving the lens through 0-2 m towards screen 
magnification is 1/3. Focal length of the lens is 
(A) 0:075 m (B) 0-01 m 
(Cc) 1m (D) 015m (Karnataka, 1995) 
An object is placed at a distance of f / 2 from a convex lens 
The image will be 
(A) at3f / 2, real and inverted. 
(B) at 2 f, virtual and erect. 
(C) at2f, real and inverted. 
(D) at one of the foci, virtual and double its size. 
(C.P.M.T. 1989 
Which of the following form(s) a virtual and erect image 
for all positions of the object ? 
(A) convex lens (B) concave lens 
(C) convex mirror (D) concave mirror 
(LLT. 1996) 
Two thin lenses of focal lengths f, and f, are placed in 
contact. The focal length of the composite lens will be 


(A) (f,+f,)/2 (B) (f, + f/f fo 


(C) Vhi fa (D) fi f/f + fy 

(A.I.I.M.S. 1998) 
Two lenses having powers + 6 D and - 4 D are placed in 
contact. The power of the combination is 
(A) -2D (B) - 4D 
(C) +4D (D) +2D (A.EM.C. 1989) 
If a convex lens of focal length 80 cm and a concave lens 
of focal length 50 cm are combined together, what will be 
their resulting power ? 
(A) +65D (B) -65D 
(C) +75D (D) -75D (C.B.S.E. 1996) 
Two lenses of power + 12 D and -2 D are placed in contact. 
What will be the focal length of the combination ? 
(A) 10cm (B) 12-5cm 
(C) 16-6 cm (D) 8-33 cm (M.N.R. 1987) 
A convex lens of power +6 D is placed in contact with a 
concave lens of power — 4 D. What will be the nature and 
focal length of this combination ? 
(A) concave, 25 cm (B) convex, 50 cm 
(C) concave, 20 cm (D) convex, 100 cm 

(M.N.R. 1993) 

A convex lens A of focal length 20 cm and a concave lens 
of focal length 5 cm are kept along the same axis with a 
distance d between them. If a parallel beam of light falling 
on A leaves B as a parallel beam, then the distanced (in cm) 
will be 
(A) 25 
(C) 30 


(B) 15 
(D) 50 
(M.N.R. 1990 ; I.I.T, 1985) 


- at 
A ray of light passes through four transparent media with 
refractive indices (1, Wy, 43 and 44 as shown in figure. The 


Si: 


_ is parallel to the incident ray AB, we must have 


(A) “y= b> (B) My = M3 

If a glass rod is put in a beaker containing a colourless 

liquid, the glass rod immediately seems to disappear. It is 

so, because 

(A) the liquid and the glass have the same colour. 

(B) the glass and the liquid have the same density. 

(C) the glass and the liquid have the same refractive index. 

(D) the glass reflects the light transmitted by the liquid. 
(Karnataka Entrance, 1987) 

A plane glass slab is kept over various coloured letters. The 

letter which appears least raised is 

(A) blue (B) violet 

(C) red (D) green (B.H.U. 1998) 

Air has refractive index 1-0003. The thickness of air 

column, which will have one more wavelength of yellow 

light (6000 A) than in the same thickness of vacuum, is 

(A) 2mm (B) 2cm 

(C) 2m (D) 2km (C.P.M.T. 1989) 

The wavelength of light diminishes times in a medium. 

A diver from inside water (uw = 1-33) looks at an object, 

whose natural colour is green. He sees the object as 

(A) green (B) blue. 


(C) yellow (D) red. (C.P.M.T. 1990) 


A diverging beam of light from a point source S having 
S 


divergence angle a, falls symmetri- 
cally on a glass slab as shown. The 
angles of incidence of the two 
extreme rays are equal. If the thick- 
ness of the glass slab is t and the 
refractive index “, then the diver- 
gence angle of the emergent beam is 
(A) zero 

(B) a 

(C) sin"! (t/u) 

(D) 2 sin"! (t/u) (LLT. 2080) 
An observer can see through a pin-hole the top end of a thin 
rod of height h, placed as shown in the figure. The beaker 
height is 3 h and its radius h. 
When the beaker is filled 
with a liquid up to a height 
2h, he can see the lower end 


of the rod. Then, the 
refractive index of the 
liquid is 
(A). 5/2 


(B) 5/2 
os aaa wel a 


(D) 3/2 (L.1.T. 2002) 
A beam of light is converging towards a point] ona screen. 
A parailel plate of glass (thickness in the direction of beam 
t, refractive index 11) is introduced in the path of the beam. 
The convergence point is shifted by 


— 2h —1 


(A) 1 + 1) away. (B) ft fi + 4 away. 
My u 


(C) ¢t ( a +] nearer. (D) f f + *] nearly. 
ll im 


(M.N.R. 1987) 


(B) 
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a Ligh passing from air to glass is refracted, asis light ~ 


passing from glass to air. However, when you look out of 

a window at the view outside, the light does not seem to 

have been distorted. This is because 

(A) the angle of refraction is too small to observe. 

light incident upon the glass is partially reflected and 

this tends to mask the effect of refraction. 

the emergent ray is parallel to the incident ray and only 

lateral displacement occurs. 

the window pane is too thin for refraction to occur. 
(Karnataka Entrance, 1988) 

A person swimming at the bottom of a swimming pool 

looks up to the diving board. The board 

(A) appears nearer. (B) appears farther. 

(C) appears at the correct position. 

(D) is not seen at all. (Karnataka, 1992 S) 

A rectangular glass slab ABCD of refractive index 1, is 

immersed in water of refractive index , (u, >). A ray 

of light is incident at the surface AB of the slab as shown. 


(C) 


(D) 


The maximum value of the angle of incidence a,,,,,., such 
that the ray comes out only from the other surface CD is 
given by 


sin! £1 cos sin ta 

so [4 My 

(B) sin™! [ cos [sin ral 
M2 


(C) sin”? 4 
M2 


My 

A ray of light falls on a right angled prism ABC (AB = BC) 
and travels as shown in the figure. 4 
The minimum refractive index of 
prism material should be 
(A) 1:33 
(B) 2 
(C) 1:5 
(D) 1:5 /1-33 

(Karnataka, 1992 S) 


For the given incident ray as shown in the figure, the 
condition of total internal reflection of the ray will be 
satisfied, if the refractive index of block will be 


(D) “sina! 4: 


B Cc 


INCIDENT 
(A) (J3+1)/2 “IDE 


(B) (J2 +1)/2 
(C) 372 


(C.B.S.E. 2002) 
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(C) 30° 


(2 5m (D) 


(u = 4/3). A light beam incident 
normally on the face AB is totally 
reflected to reach the BC, if 

(A) sin @ = 8/9 


(B) 2/3 <sin@ < 8/9 
(C) sind s 2/3 


(D) none of the above. 


A, B and C in the diagram represent rays of light incident 
upon a face of a right-angled prism. Before emerging from 
the prism, which ray (or rays) 
will experience total internal 
reflection ? 


(A) A 
(B) B 
(C) C 


(D) none of these. 
(Karnataka Entrance, 1992, 1989) 
A glass prism with refractive index 2 has refracting angle 
of 30°. One of the refracting face of the prism is polished. 
A beam of monochromatic light will retrace its path, if its 
angle of incidence over the refracting face of the prism is 
(A) 60° (B) 45° 
(D) 0° (B.H.U. 1999) 
Refractive index of water is 5/3. A light source is placed in 
water at a depth of 4 m. Then what must be the maximum 
radius of disc placed on water surface so that the light of 
source can be stopped ? 
(A) 3m (B) 4m 
(C.B.S.E. 2001) 
A fish looking up through the water sees the outside world 
contained in a circular horizon. If the refractive index of 
water is 4/3 and fish is 12 cm below the surface of water, 
then the radius of the circular horizon is 


(A) 16 cm? (B) 9 cm? 


(C). d2.cme (D) 13-6cm? (N.C.E.R.T. 1980) 

A diver in swimming pool wants to signal his distress to 

a person lying on the edge of the pool by flashing his water 

proof flash light. 

(A) He must direct the beam vertically upward. 

(B) He has to direct the beam horizontally. 

(C) He has to-direct the beam at an angle to the vertical, 
which is slightly less than the critical angle of incidence 
for total reflection. 

(D) He has to direct the beam at an angle to the vertical, 
which is slightly more than the critical angle of 
incidence for total reflection. (N.C.E.R.T. 1972) 

A ray of light from denser medium strikes a rarer medium 

at an angle of incidence i. The reflected and refracted rays 

make an angle 90° with each other. The angles of reflection 
and refraction arer andr’as shown in the figure. The critical 
angle is 


_|DENSER = UY 
RARER’ °> Be 
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(C) sin (tan r’) (D) tan! (sini) — (LLT. 198 
An air bubble inside the water behaves as : 
(A) a convex lens. (B) aconcave lens. 
(C) a plano convex lens.(D) a concave mirror. 

(A.EM.C. 1998 ; Karnataka Entrance, 1991, 198 
A lens behaves as a converging lens in air and a divergil 
lens in water. The refractive index of the material of tl 
lens is 
(A) equal to unity. (B) equal to 1-33. 
(C) between unity and 1-33. 
(D) greater than 1:33. (C.P.M.T. 1991 ; N.C.E.R.T. 197 
A hollow double concave lens is made of very th 
transparent material. It can be filled with air or either 
two liquids L, and L, having refractive indices “, and, 
respectively (4, >> 1). The lens will diverge a parall 
beam of light, if it is filled with 
(A) air and placed in air. 
(B) air and immersed in L,. 
(C) L, and immersed in L). 
(D) L, and immersed in L,. (LI.T. 200 
A double convex lens of refractive index , is immers 
in a liquid of refractive index ,. The lens will act as 
(A) diverging lens, if “7, > “>. 
(B) diverging lens, if “1 < “>. 
(C) converging lens, if 4, > >. 
(D) converging lens, if 4, < >. META 199 
A converging lens is used to form an image on a scree 
When the upper half of the lens is covered by an opaqi 
screen, 
(A) half the image will disappear. 
(B) complete image will be formed. 
(C) intensity of image will decrease. 
(D) intensity of image will increase. 

(B.H.U. 1998 ; LLT. 198 

In order to include the effect of thickness t of the len 
following four modifications are suggested in the le: 
equation. Which one accounts for the modificatic 
correctly in your opinion ? 


ered boda plete 
(A) Fa gy (B) ba i hibee a 
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A beam of light is incident on a convex lens parallel to i 
principal axis. As one moves away from the optical cent 
of the lens on its other side, the intensity of light 

(A) continously increases. 

(B) continuously decreases. 

(C) first increases and then decreases. 

(D) first decreases and then increases. 5 

A body is located-on a wall. Its image of equal size is to | 
obtained on a parallel wall with the help of a convex ler 
The lens is placed ata distance d ahead of second wa 
Then the required focal length will be 

(A) only d/4 “(B) ‘ only'd/2 

(C) more than d/4 but less than 4 a 

(D) loss thand/4— Vorit bakG-Bisce- 200. 
A lens is placed between a source e of light and a wall. 
forms images of areas A, and A, on the wall for its tw 
different positions, The area of the source of light is 


/4., 


75. 


76. 


ek f 
(Ce ae (D) AREY A (C.B.S.E. 1995) 


A luminous object is placed at a distance of 30 cm from 
the convex lens of focal length 20 cm. On the other side 
of the lens, at what distance from the lens, a convex mirror 
of radius of curvature 10 cm be placed in order to have an 
upright image of the object coincident with it ? 

(A) 12cm (B) 30cm 

(C) 50cm (D) 60cm (@BiS.E, 1998) 
The two surfaces of a convex lens are of same radius of 
curvature. It is cut into two equal parts by a plane 
perpendicular to its principal axis. If the power of the lens 
was originally D, then the power of the either portion will 


(B) D/2 

(C) D (D) 2D 

The two surfaces of a convex lens are of same radius of 
curvature. It is cut into two equal paris by a plane 
containing its principal axis. If the power of the lens was 
originally D, then the power of the either portion will be 
(A) D/4 (B) D/2 

(C) D (D) 2D 

A spherical surface of radius of curvature R separates air 
(refractive index 1-0) from glass (refractive index 1-5). The 
centre of curvature is in the glass. A point object P placed 
in air is found to have a real image Q in the glass. The line 
PQ cuts the surface at a point O and PO = OQ. The 
distance PO is equal to 

(A) 5R (B) 3R 

(C9 PAS (D) 15R (LL.T. 1998) 
The plane face of the plano-convex lens of focal length 20 cm 
is silvered as shown in the figure. What type of mirror will 
it behave like and what will be its focal length (f ) ? 


(A) f= 20cm (convex) 
(B) f= 20cm (concave) 
(C) f= 10cm (convex) 
(D) f= 10 cm (concave) 


A plano-convex lens is made of a material of refractive 
index us = 1-5. The radius of curvature of curved surface of 
the lens is 20 cm. If its plane surface is silvered, the focal 
length of the silvered lens will be 


Chapter 2. 


ART I. TEXT-BASED QUESTIONS 


1. 


"angle of deviation is _ 
‘(A) 45° >gay 


A glass prism placed in a homogeneous transparent 

medium will deviate an incident ray a4. 

(A) always towards its base. 

(B) always away from its base. 

(C) towards its base, only if the medium has a‘refractive 
index greater than that of glass).9). 8 eo) 4 

(D) towards the base, only: if the mediumt has a refractive 


o » index less:than that of glassyso00) > «© 


dG fiw arttase! Inooi (Karnataka, Entrance, 1988) 
A ray of light passes through an equilateral prism, such 
that the angle of incidence, is,equal to the angle,of emer- 
gence and the latter is equal to 2 shine angle of prism. The 
soawisd boonlq arenes] A SX 
iF (Bye Bee"* eogamit amor 


(Cc) 20° (D)£ 309° ©89 {90 NER. 1988) 


72. 


80. 


81. 


82. 


83. 


84. 


3. 


(B) 20cm 
(C) 40cm (D) 80cm (C.B.S.E. 2000) 
A plano convex lens acts like a concave mirror of focal 
length 20 cm, when its plane surface is silvered ; like a 
concave mirror of focal length 7 cm, when its convex 
surface is silvered. The refractive index of the lens 
material is 

(A) 1-45 (B) 1-50 

(C) 1-54 (D) 1-70 (A.F.M.C. 1998) 
A thin lens of focal length f and its aperture has diameter 
d. It forms an image of intensity 3. Now the central part of 
aperture upto diameter d/2 is blocked by an opaque paper. 
The focal length and image intensity would change to 
(A) f/2,1/2 (B) f,1/4 

(C) 3f/4,1/2 (D) f,31/4 (C.PM.T. 1989) 
A convex lens is placed in contact with a mirror as shown 
in figure. If the space between them is filled with water, 
its power will 


—. 


(A) decrease. (B) 

(C) remain unchanged. 

(D) can increase or decrease depending on the focal length. 

A beam of parallel rays is brought to focus by a plano- 

convex.lens. A thin concave lens of same focal length is 

joined to the first lens. The effect of this is that 

(A) the focal point shifts away from the lens by a small 
distance. 

(B) the focus shifts to infinity. 

(C) the focus remains undisturbed. 

(D) the focus moves sidewards. 

A real image of a distant object is formed by a plano-convex 

lens on its principal axis. Spherical abberation 

(A) is absent. 

(B) is smaller, if the curved surface of the lens faces the 
object. 

(C) is smaller, if the plane surface of the lens faces the object. 

(D) is the same, whichever side of the lens faces the object. 

(.L.T. 1998) 

The “f-number’ of a given camera is 8. It means that 

(A) the dimater of the stop of the camera is 0-08 m. 

(B) the focal length of the lens of the camera is 8-0 m. 

(C) the diameter of the stop is 0-125 of the focal length of 
the lens. 

(D) none of the above. 


increase. 


(Dhanbad 1994) 


Dispersion 


The refractive index of an equilateral prism is J3 . What 
is the angle of minimum deviation ? 
(A) 45°. (B) 60° 
(C). Bin. (D) 30° 
(C.B.S.E. 1999 ; Karnataka Entrance, 1992, 1988) 


’ “Angle of minimum deviation for a prism of refractive 


index 1-5 is equal to the angle of prism. The angle of prism 
is 

(A) 62° (B) 41° 

(C) 82° (D) 31° 

(Given that cos 41° = 0-75) 

Yellow light is refracted through a prism producing 
minimum deviation. If i, and i, denote the angle of 
incidence and emergence respectively for the prism, then 
(A) pein (B) i, > iy 

(C) i, <i, ' (D) i; +i, =90° 


10. 


11. 


12. 


13. 


14. 


15. 


Yi The figures represent three cases f a ray p 


a prism of refractive edge A. The case Eoneepohdiag to 
minimum deviation is 


(A) 1 (B) 2 
(C) 3 (D) None of these. 
The refracting angle of a prism is A and the refractive index 
of the prism is cot A/2. The angle of minimum deviation 
is 
(A) 180° - (B) 180°+2A 
(C) 90°= (D) 180°-2A (C.PM.T. 1992) 
A prism splits a beam of white light into its seven 
constituent colours. This is so, because 
(A) phase of different colours is different. 
(B) amplitude of different colours is different. 
(C) energy of different colours is different. 
(D) velocity of different colours is different. 
RGcEe ue. Fe oat) 
Refractive indices of a prism material for two wavelengths 
are 1-66 and 1-64. The dispersive power is 
(A) 0-02 (B) 0-012 
(C) 0-01 (D) 0-03 (Karnataka, 1993 S) 
When a glass prism is placed inside water, its dispersive 
power 
(A) decreases. 
(C) remains the same. 
(D) may increase or decrease depending on the angle of 
prism. 
During dispersion of white light by prism placed in air, 
(A) only angular spread takes place. 
(B) only angular deviation takes place. 
(C) both angular deviation and angular spread take place. 
(D) either angular spread or angular deviation for the mean 
colour takes place depending on the angle of the prism. 
(Karnataka, 1995) 


(B) increases. 


A thin prism P, with angle 4° and made from glass of 


refractive de 1:54 is combined with another prism P, 
made from glass of refractive index 1-72 to proddes 
dispersion without deviation. The angle of prism P, is 
(A) 5-33° (B) 4° 

(C) 3° (D) 2-6° (L.1.T. 1990) 
The focal length of a converging lens is measured for violet, 
green and red colours. Itisf_,, g and f, respectively. We will 


get 
(A) fy=fe (B) f,>f, 
(Ch ey (D) f,>f, (C.B.S.E. 1997) 


If f, and f, are the focal lengths of a convex lens for violet 
and red light respectively and F,, and F, are the respective 
focal lengths of a concave lens, then we must have 
(A) f,>f,andF,<F, (B) f,<f,andF,< F, 
(C) f,>f,andF,>F, (D) f,>f,andF,>F, 

(€:B.SiE. 1996) 
For achromatic combination of lenses, if we use two lenses 
of focal lengths f and f’ and dispersive powers w and w’ 
respectively, then 


(A) w'=20,f' =2f 
(C) w' =20,f'=f/2 


(B) w'=20,f' =-2f 
(D) o'=20,f' =-f/2 
(C.R.M.T. 1982) 


ie 


18. 


igh 


20. 


21. 


22. 


23% 


Line spectra i is characteristic a 
Band spectra is characteristic of the molecule 
only (i) is correct. (B) only: wi is correct. 
(C) Both (i) and (ii) are correct. 
(D) Both (i) and (ii) are incorrect. 
Fraunhofer spectrum is a 
(A) line absorption spectrum. 
(B) band absorption spectrum. 
(C) line emission spectrum. 
(D) band emission spectrum. (Karnataka, 19 
Which of the following phenomena is not explained 
Huygens’ construction of wave-front ? 
(A) Refraction (B)_ Reflection 
(C) Diffraction (D) Origin of spectra. 
we (C-B:S.E. 14 

The blue colour of the sky is due tothe phenomenon « 
(A) reflection (B) refraction 
(C) scattering (D) dispersion (A.FM.C. 19: 
The sky appears blue, because 
(A) red light is absorbed. 
(B) blue light is scattered the most. 
(C) blue light is absorbed. 
(D) itis its natural colour. (A.EM.C. 19: 
At sunrise or sunset, the sun ia more red than at n 
day, because 
(A) the sun is coldest at these times. 
(B) of the effects of reflection and refraction. 
(C) the sun is hottest at these times. ~ 
(D) of the scattering of light. 

(ALEM.C2995.; C.E.E.1..19) 
Rainbows are formed by : 
(A) reflection and diffraction 
(B) refraction and scattering 
(C) dispersion and total internal reflection 
(D) interference only. (CBSE 206 
Consider the following phenomena : Interferen 
dispersion, diffraction and reflection. Which phenome 
are involved in the formation of rainbow ? 
(A) reflection (B) diffraction 
(C) interference and diffraction 
(D) dispersion and reflection. 


(ii) 
(A) 


(QEsF 19S 


PART IT. THOUGHT-BASED QUESTIONS 


24. 


25. 


26. 


27. 


If the light propagating along a straight line bends by 
small but fixed angle, it may be due to 

(A) reflection (B)_ refraction 

(C) dispersion (D) diffraction 

Light appears to travel in straight lines, since 

(A) it is not absorbed by the atmosphere. 

(B) it is reflected by the atmosphere. 

(C) its wavelength is very small. 

(D) its velocity is very large. (C.PM.T. 199 
A ray is incident at an angle of incidence i on one surfa 
of a prism of small angle A and emerges normally from tl 
opposite surface. If the refractive index of the material 
the prism is “, the angle of incidence i is nealy equal tc 
(A) A/u (B) A/2p 

(C) wA (D) wA/2 (C.B.S.E. 199 
A narrow beam of white light passes Prpugh a glass sli 
having parallel faces. Then, 

(A) the beam inside the slab remains as white light. 

(B) the emergent beam is white light. 

(C) the beam inside the slab undergoes dispersion. 

(D)_ the glass slab never causes dispersion. 


aise. aa ARE ED 


30. 


equilateral prisms P. Additional prisms Q and R of 
identical shape and of the same material as P are now 
added as shown in the figure. The ray will suffer 


(A) greater deviation 

(B) no deviation 

(C) same deviation as before 

(D) total internal reflection (LT. 2001) 
The figure shows the view through the eye-piece of a 
prism spectrometer with its slit illuminated by the source 
of light emitting three wavelengths corresponding to 
yellow (Y), green (G) and unknown colour (X). The colour 
X may be 


(A) red 

(B) orange 

(C) pink 

(D) none of the above. 


(C.P.M.T. 1989) 
A beam of light consisting of red, green and blue colours 
is incident on a right angled prism. The refractive index of 
the material of the prism for the above red, green and 
blue wavelengths are 1-39, 1-44 and 1-47 respectively. The 
prism will 


SEE 


(A) separate part of the red colour from the green and blue 
colours. 

(B) separate part of the blue colour from the red and green 
colours. 

(C) separate all the three colours from one another. 


ght suffers minimum deviation in an 


31. 
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34. 
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(D) not separate even partially any colour from the other 

two colours. (LLT. 1989) 
Which one of the following spherical lenses does not 
exhibit dispersion ? The radii of curvature of the surfaces 


of the lenses are as given in the figure. 
G 3 : oe ¢ | 
(A) (B) (C) (D) 


(LI.T. 2002) 

In case of a lens, which of the following quantities depend 
on the wavelengths of the incident light ? 
(A) Focal length (B) Radii of curvature 
(C) Power (D) Chromatic aberration. 
A converging achromat is to be made by placing two lenses 
in contact. The proper choice is 
(A) convex lens of crown, concave lens of flint glass. 
(B) convex lens of flint, concave lens of crown glass. 
(C) both the lenses should be convex lenses of crown glass. 
(D) both the lenses should be convex lenses of flint glass. 
In which one of the following regions of the 
electromagnetic spectrum will the vibrational motion of 
molecules give rise to absorption spectrum ? 
(A) ultraviolet (B) microwaves 
(C) infrared (D) radiowaves. 

(S.C.R.A. 1994) 


One cannot see through fog, because 
(A) fog absorbs light. 
(B) the refractive index of fog is infinity. 
(C) light suffers total internal reflection at the droplets in 
fog. 
(D) light is scattered by the droplets in fog. 
(C.P.M.T. 1983) 
The sky would appear red instead of blue, if 
(A) atmospheric particles scatter blue light more than red 
light. 
(B) atmospheric particles scatter all colours equally. 
(C) atmospheric particles scatter red light more than blue 
light. 
(D) the sun was much hotter. 
(Karnataka Entrance, 1987, 1985) 


Chapier 3. Optical Instruments 


PART I. TEXT-BASED QUESTIONS 


1. 


2: 


2. 


The focal length of the normal eye-lens is approximately 
(A) 2cm (B) 25cm 
(C) lm (D) infinite 
A normal eye is unable to see objects closer than 25 cm 
(least distance of distinct vision). It is because, 
(A) the focal length of the eye-lens is 25 cm. 
(B) the distance between the eye-lens and retina is 25 cm. 
(C) the eye-lens cannot decrease its focal length beyond a 
limit. 
(D) the eye-lens cannot decrease its distance from the retina 
beyond a limit. 
The final image produced by a simple microscope is 
(A) real and erect. (B) real and inverted. 
(C) virtual and erect. (D) virtual and inverted 
. (C.E.T. 1999) 


4. 


If the least distance of distinct vision is 25 cm, then a 
convex lens of focal length 5 cm acts as a magnifier of 


magnifying power 
(A) 5 (B) less than 5 
(C) 6 (D) more than 6. 


The focal length of the objective of a microscope is 

(A) greater than the focal length of eye-piece. 

(B) less than the focal length of the eye- piece. 

(C) equal to focal length of the eye-piece. 

(D) arbitrary. (M.N.R. 1994) 
In a compound microscope, the intermediate image is 
(A) virtual, erect and magnified. 

(B) real, erect and magnified. 

(C) real, inverted and magnified. 


(D) virtual, erect and reduced. (L1.T. 2000) 
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11. 


12. 


13. 


14. 


15. 
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(C.B.S.E. 1998) 

To increase the magnifying power of a telescope, one 
should increase 
(A) the focal length of the objective. 
(B) the focal length of the eye-piece. 
(C) aperture of the objective. 
(D) aperture of the eye-piece. 
The convex lenses of focal lengths 0-3 m and 0-05 m are used 
to make a telescope. In normal adjustment, the distance 
between them is equal to 
(A) 0-35 m (B) 0:25m 
(C) 0-175 m (D) 6-15 m 
An observer looks at a tree of height 15 m with a telescope 
of magnifying power 10. To him, tree appears 
(A) 10 times taller. (B) 15 times taller. 
(C) 10 times nearer. (D) 15 times nearer. 

(N.C.E.R.T. ; C.P.M.T. 1975) 
An astronomical telescope of ten fold angular 
magnification has a length of 44 cm. The focal length of the 


object is 
(A) 4cm (B) 40cm 
(C) 44cm (D) 440 cm (C.B.S.E. 1997) 


The resolving power of a telescope depends upon 

(A) the focal length of the eye lens. 

(B) the focal length of the object lens. 

(C) the length of the telescope. 

(D) the diameter of the object lens. 

Large aperture telescopes are used for 

(A) greater resolution. 

(B) greater magnification. 

(C) reducing lens aberration. 

(D) ease of manufacturer. (C.P.M.T, 1989) 

For observing a cricket match, binocular is preferred to 

terrestrial telescope for the reason that 

(A) the binocular is very easy to handle. 

(B) the binocular provides three dimensional vision. 

(C) the binocular produces image free of chromatic 
aberration. 

(D) the binocular produces erect image. 

A reflecting telescope utilizes 

(A) aconcave mirror. (B) a convex mirror. 


(N.C.E.R.T. 1983) 
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CET. 1998 


PART If. THOUGHT-BASED QUESTIONS 
16. 


When we see an object, the image formed on the retina i 
(A) real (B) inverted 

(C) virtual (D) erect. 

The distances of the human eye-lens from the retina is 3 
Fora normal eye, the maximum focal length of the eye-len 
is 

(A) x/2 (B) x 

(C) less than x (D). greater than x 

When we view objects lying at different distances from th 
eye, which of the following remain constant ? 
(A) The focal length of the eye-lens. 

(B) The radii of curvature of the eye-lens. 

(C) The object distance from the eyé-lens. 

(D) The image distance from the eye-lens. 

Myopia is due to 

(A) older age. 

(B) change in focal length. 

(C) shortening of eye ball. 

(D) elongation of eye ball. (A.F.M.C. 1996 
When the length of a microscope tube is increased, it 
magnifying power 
(A) decreases. 

(C) does not change.- 


(B) increases. 

(D) cannot be predicted. 
(M.N.R. 1986 

Magnifying power of a telescope is m. If the focal lengtl 

of the eye-piece is doubled, then its magnifying power wil 

become 

(A) 2m (B) m/2 


(C) V2 m (D) 3m 

A fly is sitting on the objective of a telescope pointed t 

the moon. What effect is expected in the photograph of th 

moon taken through the telescope ? 

(A) The entire field of vision is blocked. — 

(B) There is an image of the fly on the photograph. 

(C) There is no effect at all. 

(D) The image of the moon is of lesser intensity. 

A telescope is focussed on the moon. If a tiny drop of inl 

falls on its objective, then 

(A) moon will appear black. 

(B) field of the view will be dark. 

(C)_ there will be a dark spot in the field of view. 

(D) brightness of the image will be slightly reduced. 
(CET. 1999 


Chapter 4. Huygens’ Principle 


PART I. TEXT-BASED QUESTIONS 


1. 


Light has the following wave property : 
(A) Transverse. (B) Longitudinal. 
(C) Sometimes longitudinal, sometimes transverse. 
(D) Neither transverse nor longitudinal. 
(Karnataka Entrance, 1994) 
Which of the following produces a plane wavefront ? 
(A) Point source (B) Line source 
(C) Extended source (D) None of the above. 
As a plane wavefront propagates, its radius of curvature 
(A) decreases. (B) increases. 
(C) first increases and then decreases. 
(D) remains infinity. 
A plane wavefront is propagating in a medium. Which of 
the following is true ? 
(A) It propagates parallel to itself. 


(B) It cannot propagate in the medium. 

(C) It changes to spherical wavefront. 

(D) It changes to cylindrical wavefront. 

Which of the following is a correct statement ? The ray o! 
light 

(A) is always tangential to the wavefront. 

(B) is always normal to the wavefront. 

(C) does not exist in the Huygens’ principle. 

(D) may be tangential or normal to the wavefront. 
Which of the following does not support the wave nature 
of light ? 

(A) Interference 
(C) Polarisation 


(B) Diffraction 

(D) Photoelectric effect. 
(A.EM.C. 1988) 

Huygens’ wave theory of light cannot explain 

(A) diffraction. (B) interference. 


as 
f 


(A.F.M.C. 1993) 
Though quantum theory of light can explain a number of 
phenomena observed with light, it is necessary to retain the 
wave nature of light to explain the phenomenon of 
(A) photoelectric effect. (B) diffraction. 
(C) Compton effect. (D) black body radiation. 

(N.C.E.R.T. 1984) 
Huygens’ concept of secondary waves 
(A) allows us to find the focal length of a thick lens. 
(B) is a geometrical method to find a wave front. 
(C) is used to determine the velocity of light. 
(D) is used to explain polarisation. (A.EM.C. 1998) 
Huygens’ principle of secondary waves is used to 
(A) obtain the new position of wavefront geometrically. 
(B) explain principle of superposition of waves. 
(C) explain interference phenomenon. 
(D) explain polarisation. 
Which one of the following phenomena is not explained 
by Huygens’ construction of wave-front ? 
(A) Refraction (B) Reflection 
(C) Diffraction (D) Origin of spectra. 

(C.B.S.E. 1992) 

In the adjoining figure, a wavefront AB moving in air is 
incident on a plane glass surface XY. Its position CD, after 
refraction through a glass slab, is shown also along with 
the normals drawn at A and D. The refractive index of glass 
w.r.t. air will be equal to 


BD AB 
(A) AC (B) CD 
BD AC 
(C) AD (D) AD (C.PM.T. 1986) 


Chapter 5. 


PART I. TEXT-BASED QUESTIONS 


1. 


One important similarity between sound and light waves 
is that both 
(A) can pass through even in the absence of any medium. 
(B) are transverse waves. 
(C) travel at the same speed in air. 
(D) can show interference effects. 

(Karnataka Entrance, 1989) 
Monochromatic light means 
(A) a beam of the same colour. 
(B) a cluster of beam of different colours. 
(C) a beam of white colour. 
(D) none of these. 
The interference phenomenon can take place 
(A) in all waves. 
(B) in transverse waves only. 
(C) in longitudinal waves only. 
(D) in standing waves only. (M.N.R. 1994) 
Two waves of the same frequency and same intensity are 
superimposed in the same phase. The intensity of the 
resultant wave at the central point will be 


13. 


14. 


15. 


Two points are situated at the same distance from a source 
of light but in opposite direction. The phase difference 
between the light waves from the two points will be 


(A) a (B) zero 

(C) 2/2 (D) none of the above. 

In the adjoining diagram, a wave front AB moving in air 
is incident ona plane glass surface XY. Its position CD after 
refraction through a glass slab is shown along with the 
normals drawn at A and D. The refractive index of glass 
w.r.t. air (“nu ? will be equal to 


sin 0 sin 6 
(A) sin 6’ (B) sing 
sin d AB 
(CYPans pean (C.PM.T. 1988) 


A ray travels the path from point A to B from a rarer to a 
denser medium. Of the four paths shown in the figure, 
which is the path for least time ? 


DENSER 


(A) 1 
(C) 3 


interference of Light 


(A) equal to that of the individual wave. 
(B) twice that of the individual wave. 
(C) three times that of the individual wave. 


(D) four times that of the individual wave. (C.E.T. 1999) 


5. Two waves of the same frequency and intensity 
superimpose with each other in opposite phases. After the 
superposition, the 
(A) intensity increases by 4 times. 

(B) intensity increases by 2 times. 
(C) frequency increases by 4 times. 
(D) none of these. (A.EM.C. 1995) 

6. Ratio of intensities of two waves are given by 4:1. Then 
ratio of the amplitudes of the two waves is 
(AL K25 1 (B) 1:2 
(C) 4:1 (D) 1:4 (C.B.S.E. 1993) 

7. In Young’s experiment, the ratio of maximum and 
minimum intensities in the fringe system is 9: 1. The ratio 

, of amplitudes of coherent sources is : 
“\(A) 9:1 (B) 3:1 
(Cy se (D) 1:1 (N.C.E.R.T 1990) 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


Two waves have intensities in the ratio of 1: 9. If these 
waves produce inieference, then the ratio of maximum and 
minimum intensities is 
(A) 3:1 (B) 4:1 
(Cy oe (D) 16:1 (A.EM.C. 1998) 
The intensity of light issuing out of two slits in Young’s 
experiment is in the ratio 1: 4. The intensity of the 
minimum to the maximum will be in the ratio 
(A) 1:2 (B) 1:4 
(C) 1:9 (D) none of the above. 
The light waves from two coherent sources of intensity I 
interfere. At the minima, intensity of light is zero. The 
intensity of light at the maxima is 
(B) I 
(D) ? 
In Young’s double slit experiment, the separation between 
the slits is halved and distance between the slits and screen 
is doubled. The fringe width is 
(A) unchanged. (B) halved. 
(C) doubled. (D) quadrupled. 

(LT. 1981 ; similar Karnataka, 2000) 
How is interference pattern in double slit experiment 
affected, if a source of blue light is used in place of yellow 
light producing the same intensity ? 
(A) The fringe width will decrease. 
(B) ‘The fringe width will increase. 
(C) The fringes will become brighter. 
(D) The fringes will become fainter. (@)B 525.1992) 
In a certain double slit experiment set up, interference 
fringes of width 1-0 mm each are observed with light of 
wavelength 5000 A . Keeping the set up unaltered, if the 
source is replaced with one having a wavelength 6000 A, 
the fringe width will be 
(A) 0-8 mm (B) 1:0 mm 
(C) 1:-2mm (D) 1-44 mm (C.E.T. 1998) 
{n a Young’s experiment, two coherent sources are placed 
0-90 mm apart and the fringes are observed 1 m away. If it 
produces the second dark fringe at a distance of 1 mm from 
the central fringe, the wavelength of monochromatic light 
used would be 
(A) 60 x 10cm (B) 10x 104cm 
(C) 10x 10> cm (D) 6x 10% cm (C.B.S.E. 1992) 
In Young’s double slit experiment, we get 15 fringes per cm 
on the screen, while using light of wavelength 5896 A 
(sodium lamp). How many fringes per cm we get with light 
cf wavelength 7370 A ? 
(A) 18 (B) 15 
(Caz (D) 10 (A.EM.C. 1998) 
For constructive interference to take place between two 
monochromatic light waves of wavelength /, the path 
difference should be 
(A) (2n-1)A/4 
(C) nd 


(B) (2n—-1)A/2 
(D) (2n +1)A/2 (M.N.R. 1992) 


PART Il. THOUGHT-BASED QUESTIONS 


17. 


18. 


Four light waves are expressed as 

(i) y, = 4, sinwt, (ii) yy =a, sin2t, 

(iii) y3 = a, sin (w t + p) and 

(iv) y4 = ag sin 2 (wt + o). 

The interference is possible between 

(A) (d and (ii) (B) (i) and (iii) 

(C) (i) and (iv) (D) (ii) and (iv). 

In double slit experiment, the two slits are illuminated 
with two independent identical sources of light. What 
happens to the interference pattern ? 

(A) No interference pattern is produced. 

(B) The intensity of bright fringes gets doubled. 
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The intensity of g 

(D) Two sets of interference patterns are produced. 

The contrast in the fringes in any interference patter 

depends on 

(A) fringe width. (B) wavelength. 

(C) intensity ratio of the sources. 

(D) distance between the slits. (Roorkee, 1992 

In double slit experiment, when one of the two slits i 

covered : 

(A) the bright fringes become fainter. 

(B) the fringe width decreases. 

(C) there is a bright slit and no interference pattern i 
produced. 

(D) there is uniform illumination all over the screen. 

In a Young’s double slit experiment, two slits of equa 

widths are arranged symmetrically w.rt. the source. Th 

intensity of the central bright fringe is I. If one of the slit 

is closed, the intensity at the centre of the screen will be 

(A) I (B) 1/4 

(C) 1/2 (D) 21 (B.H.U. 1998 

Two coherent monochromatic light beams of intensitie 

I and 4 I are superposed. The maximum and minimur 

possible intensities in the resulting beams are 

(A) 5landI (B) 9lTandI 

(C) 5land3I (D) 9land3I (LLT. 1982 

In the Young’s double slit experiment, the interferenc 

pattern is found to have an intensity ratio between brigh 

and dark fringes as 9. This implies that 

(A) the intensities at the screen due to two slits are 5 unit 
and 4 units respectively. 

(B) the intensities at the screen due to slits are 4 units an 
1 unit respectively. 

(C) the amplitude ratio is 3. 

(D) the amplitude ratio is 2. (LLT. 1982 

Two beams of light having intensities I and 41 interfere t 

produce a fringe pattern on a screen. The phase differenc 

between the beams is 7/2 at point A and z at point B. The 

the difference between the resultant intensities at A an 

B is 

(A) 21 (B) 41 

(Cjic0.1 (D) 71 (LLT. 2001 

In a double slit experiment, instead of taking slits of equa 

widths, one slit is made twice as wide as the other. Then 

in the interference pattern, 

(A) the intensities of both the maxima and the minim; 
increase. 

(B) the intensities of the maxima increases and the minim 
has zero intensity. 

(C) the intensity of the maxima decreases and that of thi 
minima increases. 

(D) the intensity of the maxima decreases and the minim; 
has zero intensity. (LLT. 2000 

Ina Young’s double slit experiment, 12 fringes are observec 

to be formed in a certain segment of the screen, when ligh 

of wavelength 600 nm is used. If the wavelength of ligh 

is changed to 400 nm, number of fringes observed in th 

same segment of the screen is given by 

(A) 12 (B) 18 

(C) 24 (D) 30 (LLT. 2001 

Interference was observed in interference chamber, wher 

air was present. Now, the chamber is evacuated and if th 

same light is used, a careful observer will see 

(A) no interference. 

(B) interfertence with bright bands. 

(C) interference with dark bands. 

(D) interference, in which width of the fringe will be slightly 

increased. (C.BiS.E31993, 


' a In Te 
placed in the path of one of the interfering beams, then 
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double slit experiment ; if a thin glass plate is 


(A) fringe width decreases. 
(B) fringe width increases. 
(C) fringe pattern is shifted. 
(D) fringe pattern is unaffected. (Karnataka, 1992 S) 
In an ideal double-slit experiment, when a glass plate 
(refractive index 1-5) of thickness t is introduced in the path 
of one of the interfering beams (wavelength 4), the 
intensity at the position where the central maximum 
occurred pareviously remains unchanged. The minimum 
thickness of the glass plate is 
(A) 2A (B) 24/3 
(C) A/3 (D) A. (LLT. 2002) 
What happens, if monochromatic light used in Young’s 
double slit experiment is replaced by white light ? 
(A) The bright fringes become white. 
(B) The central fringe is white and all other are coloured. 
(C) All fringes are coloured. 
(D) No fringes are observed. 
White light is used to obtain interference fringes in Young’s 
double slit experiment. Then, 
(A). the central fringe will be white. 
(B) the fringe next to the central fringe will be violet. 
(C) the fringe next to the central fringe will be red. 
(D) no dark fringe will be observed. 
In a Young's double slit experiment, the fringe width is 
found to be 0-4 mm. If the whole apparatus is immersed 
in water of refractive index 4/3 without disturbing the 
geometrical arrangement, the new fringe width will be 
(A) 03mm (B) 0-4mm 
(C) 0-53 mm (D) 540 microns. 

(C.B.S.E. 1991) 
Ina two slit experiment with monochromatic light, fringes 
are obtained on a screen placed at some distance from the 
slits. If the screen is moved by 5 x 107 m towards the slits, 
the change in fringe width is 3 x 10-5 m. If separation 
between the slits is 10-3 m, the wave- length of light used 
is 
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(A) 6000 A (B) 5000 A 

(C) 3000 A (D) 4500 A (Roorkee, 1992) 
White light is used to illuminate the two slits in a Young’s 
double slit experiment. The separation between the slits 
is d and the screen is at a distance D (> > d) from the slits. 
Ata point on the screen directly in front of one of the slits, 
certain wavelengths are missing. Some of the missing 
wavelengths are 


aTites 


d? 2d? 
A) A4=— B). 1=-= 
(A) : (B) a 
(C) A= (D) dase (LLT. 1984) 


A thin slice is cut out of a glass cylinder along a plane 
parallel to its axis. The slice is placed on a flat glass plate 
as shown in figure. The observed interference fringes from 


this combination shall be 
(A) straight. | | | | | | | 


(B) circular. 
(C) equally spaced. 
(D) having fringe spacing, 
which increases as we 
go outwards. 
CTF. 1999) 
In a Fresnel biprism experiment, the two positions of lens 
give separation between the slits as 16 cm and 9 cm 
respectively. What is the actual distance of separation ? 
(A) 12-5 cm (B) 12cm 
(C) 13cm (D) 14cm 
(B.H.U. 1999 ; C.B.S.E. 1998) 
Which of the following is conserved, when light waves 
interfere ? 
(A) Intensity (B) Energy 
(C) Amplitude (D) Momentum. 
Colours appear on a thin soap film and soap bubbles due 
to the phenomenon of 
(A) interference. (B) scattering. 
(C) diffraction. (D) dispersion. 
(C.B.S.E. 1999 ; A.E.M.C. 1997, 1995 ; N.C.E.R.T. 1990) 


Chapter6 Diffraction of Light 


PART I. TEXT-BASED QUESTIONS 


1. 


Bending of light about the corner of a sharp edged obstacle 
is called 

(A) deviation. (B) . dispersion. 

(C) polarisation. (D) diffraction. (A.EM.C. 1995) 
While both light and sound show wave character, 
diffraction is much harder to observe in light. This is 
because : 

(A) light does not require a medium. 

(B) wavelength of light is far smaller. 

(C) waves of light are transverse. 

(D) speed of light is far greater. (Karnataka Entrance, 1994) 
The frequency of e.m. wave which is best suited to observe 
a particle of radius 3 x 10-4 cm, is of the order of 

(A) 101 (B) 101° 

(Cc) 1014 (D) 10! 

The width of diffraction fringes varies : 
(A) directly as the aistance between slit and the screen. 
(B) inversely as the wavelength. 

(C) directly as the width of the slit. 

(D) none of the above. 

In the diffraction pattern due to single slit of width a with 
incident light of wavelength / with angle of diffraction 0, 
the condition for the first minimum is 


(C.B.S.E. 1993) 


(A) Asin@=a 
(C) asind=A 


(B) acos@=A 
(D) Acos@=a 

(Karnataka, 1990 S) 
The first diffraction minima due to a single slit diffraction 
is at 9 = 30° for a light of wavelength 5000 A. The width 
of slit is 
(A) 5x 10° cm 
(C) 25x 10° cm 


(B) 10x 10° cm 
(D) 1-25 x 10° cm 

(C.P.M.T. 1985) 
A single slit diffraction pattern is obtained using a beam 
of red light. What happens, if the red light is replaced by 
blue light ? 
(A) There is no change in the diffraction pattern. 
(B) Diffraction fringes become narrow and crowded 

together. 
(C) Diffraction fringes become broader and farther apart. 
(D) Diffraction pattern disappears. 
(C.P.M.T. 1984 ; A.LLM.S. 1982) 
Two points separated by a distance of 0-1 mm can just be 
inspected in a microscope, when light of wavelength 
6000 A is used. If the light of wavelength 4800 A is used, 
the limit of resolution will become 
(A) 0-8 mm (B) 0-12 mm 
(C) 0-1 mm (D) 008mm  (C.P-M.T. 1988) 
a £ 


9: 


10. 


The limit of resolution of a. 

wavelength 5-5 x 10~’ m is 

(A) 0-14’ (B) 0-3’ 

(Cc) 1’ (D) 1° (B.H.U. 1993) 

The limit of resolution of one metre radio telescope for 

radio waves of wavelength 10 cm is about 

(A) 7° (B) few seconds of arc. 

(C) 18° (D) one minute of arc. 
(Karnataka Entrance, 1992) 


PART IL. THOUGHT-BASED QUESTIONS 


11. 


12. 


13. 


14, 


15. 


Ray optics is valid, when characteristic dimensions are 
(A) much smaller than the wavelength of light. 
(B) much larger than the wavelength of light. 
(C) of the same order as the wavelength of light. 
(D) of the order of one millimetre. 

(Pre-Medical/Dentral, 1994) 
The interference phenomenon differs from diffraction in 
that unlike diffraction, 
(A) interference fringes are of varying intensity. 
(B) interference cannot be observed with white light. 
(C) interference minima may be perfectly dark. 
(D) interference fringes are of unequal width. 
Yellow light is used in a single slit diffraction experi- 
ment with slit width of 0-6 mm. If yellow light is re- 
placed by X-rays, then the observed pattern will reveal 
(A) that the central maximum is narrower. 
(B) more number of fringes. 
(C) less number of fringes. 
(D) ‘no diffraction pattern. (LLT. 1999) 
A beam of light of wavelength 600 nm from a distant source 
falls on a single slit 1-00 mm wide and the resulting 
diffraction pattern is observed on a screen 2 m away. The 
distance between the first dark fringes on either side of the 


central bright fringe is 
(A) 1:-2cm (B) 1-2mm 
(C) 2-4cm (D) 2-4mm (LLI.T. 1994) 


A parallel monochromatic beam of light is incident 
normally on a narrow slit. A diffraction pattern is formed 
on a screen placed perpendicular to the direction of the 
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17. 


18. 


12. 


20. 


pattern, the phase difference between the rays coming fro m 


the two edges of the slit is 
(A) 0 (B) 2/2 
(C) x (D) 22 (LT. 1998) 


The amplitude modulated waves (AM) used in ratio 
broadcasting bend appreciably round the corners of a 
1m x 1m wall but the frequency modulated waves (FM) 
bend only negligibly. If the average wavelengths of AM 
and FM waves are A, and A,, then 

(A) 4, >A, (B) A, =A, 

(C) a, <A, (D) cannot be predicted. 

The resolution limit of the eye is 1 minute. At a distance 
x km from the eye, two persons stand with a laternal 
separation of 3 m. For the two persons to be just resolved 


by the naked eye, x should be 
(A) 10 km (B) 15km 
(C) 20km (D) 30 km (C.P.M.T. 1990) 


Diameter of human eye lens is 2 mm. What will be the 
minimum distance between two points to resolve them, 
which are situated at a distance of 50 m from eye. The 
wavelength of light is 5000 A. 

(A), 2:32 m (B) 4-28 mm 

(C) | 1-25 cm (D) 12-48cm = (C.B.S.E. 2002) 
Scattering of light is a direct consequence of 

(A) interference. (B) dispersion. 

(C) diffraction. (D) reflection. 

The aperture of the largest telescope in the world is of the 
order of 5 m. If the separation between the moon and the 
earth is 4 x 10° km and the wavelength of visible light is 
of the order of 5000 A , then the minimum separation 
between objects on the surface of the moon, which can be 
just resolved is 

(A) 1m approximately. 

(B) 10 m approximately. 

(C) 50 m approximately. 


(D) 200 m approximately. (C.P.M.T. 1989) 


Chapter7 Polarisation of Light 


PART I. TEXT-BASED QUESTIONS 


1. 


The phenomenon that requires transverse wave nature of 
light is 

(A) iffraction. 
(C) interference. 


(B) polarisation. 
(D) dispersion. 
(Karnataka, 1988) 
Light waves are transverse, because they 
(A) get reflected. (B) get refracted. 
(C) get polarised. (D) do not get polarised. 
(A.EM.C. 1996) 
Waves that cannot be polarized are 
(A) longitudinal. (B) transverse. 
(C) electromagnetic.  (D) light. 
(A.EM.C. 1997 ; Karnataka Entrance, 1988, 1984) 
When a polaroid is rotated, the intensity of light is not 
found to vary. The incident light may be 
(A) completely plane polarised. 
(B) partially plane polarised. 
(C) unpolarised. (D) None of the above. 
The plane of vibration and the plane of polarisation of a 
beam of light 
(A) are identical to each other. 
(B) are orthogonal to each other. 


(C) make an angle, which depends on the colour of the | 


4. 


light. 


(D) rotate with respect of each other along the path of the 

beam. | (Karnataka Entrance, 1986) 
Polarised light can be produced by : 
(A) dispersion. (B) scattering. 
(C) interference. (D) diffraction. 

(A.EM.C. 1998) 

When the light is incident at the polarising angle, which 
of the following is completely polarised ? 
(A) Reflected light. (B) Refracted light. 
(C) Both reflected and refracted light. 
(D) Neither reflected nor refracted light. 
At the polarising angle, the angle between reflected and 
refracted rays is 
(A) 0° (B) 90° 
(C) 180° (D) 60° (Karnataka, 1991 S) 
A ray of light is incident on the surface of a glass plate at 
an angle of incidence equal to Brewster’s angle p- lf wis 
refractive index of glass w.r.t. air, then angle between the 


~_reflected and the refracted rays is 


(A) 90°+p (B) sin™! (u cos p) 


(D) 90°=sin7! (222) 
ia 


(C.P.M.T. 1989) 


(C) 90° 


index is 


11. 


13. 


14. 


iby 


16. 


(A) wsinp=1 (B) uwcotp=1 
(C) wtanp=1 (D) wcosp=1 


(Karnataka Entrance, 1989, 1984) 
A beam of the light is partially reflected and partially 
refracted from a surface of refractive index /3 . The angle 


between the reflected and refracted lights is 90°. The angle 
of incidence must be 
(A) 50° 
(C) 78° 


(B) 60° 
(D) 75° 

(Karnataka Entrance, 1994) 
Which of the following materials may be used to produce 
polaroids ? 
(A) Tourmaline 
(C) Quartz 
(D) Crystals of quinine iodosulphate. 
The property of rotating the plane of polarisation is known 


(B) Calcite 


as 
(A) optical activity. 
(C) dichroism. 


(B) optical rotation. 

(D) specific rotation. 
(Karnataka, 1991 S) 

The specific rotation of an optically active substance of 

length J cm and concentration c, with an optical rotation 

6, is 


Ic - Alc 

(A) 406 (B) 70 
106 10 

(C) le (D) @lc 


Here, in the unit of specific rotation, the length of solution 
is expressed in decimetre (dm). 

(Karnataka Entrance, 1987, 1985, 1984) 
A decimetre length of solution with concentration 
500 kg m~ rotates the plane of polarization by 24°. 
What is the specific rotation of the solution ? 
(A) 48°dm! gtcm3 (B)_ 30° dm! g! cm? 
(C) 12°dm! gtcm3 (D) 50° dm! g} cm? 

(Karnataka Entrance, 1990) 

The specific rotation of a liquid of length 10 cm, 
concentration 2 g cm™ is 40° dm! gt cm®. The angle of 
rotation is 
(A) 10° 
(C) 80° 


(B) 70° 
(D) 90° 
(Karnataka Entrance, 1984) 
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IUGHT-BASED 
When a polaroid is rotated, the intensity of light varies and 
corresponding to a particular orientation, intensity reduces 
to zero. It shows that incident light is 

(A) completely plane polarised. 

(B) partially plane polarised. 

(C) unpolarised. 

(D) None of the above. 

When a polaroid is rotated, the intensity of light varies but 
never reduces to zero. It shows that the incident light is 
(A) completely polarised. 

(B) partially plane polarised. 

(C) unpoiarised. 

(D) None of the above. 

Suppose p is polarising angle for a transparent medium 
and the speed of light in the medium is v. Then, according 
to Brewster’s law 
(AY p=cot}v/c 


(B) p=cos!v/c 
(C) p=sinv/c 


(D) p=cosec!v/c 

(Karnataka Entrance, 1987) 
If the speed of light and the polarising angle for a given 
medium are c and p respectively, then from Brewster's law, 
we find 
(A) c=v cosec p 
(C) c=vcosp 


(B) c=vtanp 
(D) c=vcotp 

(Karnataka Entrance, 1985) 
A ray of light from a rarer medium strikes a denser medium 
as shown in figure. The reflected and refracted rays make 
an angle of 90° with each other. The angles of reflection and 
refraction are rand r’. The critical angle would be 


(B) tan‘! (sin r) 
(D) tan“ (sin r’) 
(C.B.S.E. 1996) 
In the propagation of light waves, the angle between the 
direction of propagation and the plane of polarisation is 
(A) 0° 45° 
(C) 90° (D) 180° 


(A) sinc! (tan r) 
(C) sin (tan 7’) 


(C.P.M.T. 1978) 
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DUAL NATURE OF 
MATTER & RADIATION 


"SW Particle Nature of Radiation 
Wave Nature of Matter 


ai the whole procedure was an act of despair because a theoretical interpretation 
had to be found at any price, no matter how high that might be.” —Max Planck 
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1.01. DUAL NATURE OF RADIATION 

The phenomena such as interference, diffraction and polarisation were success- 
ly explained on the basis of wave nature of light. On the other hand, photoelectric 
ect, Compton effect, etc can be explained on the basis of quantum nature of 
jiation. For instance, in photoelectric effect, when a photon of radiation strikes 
netal surface, it gives up all its energy to a single electron in an atom and the 
ctron is knocked out of the metal. It carries a part of the energy of the incident 
oton. In Compton effect, when an X-ray photon is incident ona free electron, the 
ctron recoils along a definite direction with some energy depending upon the 
rection along which the incident photon is scattered. From these two effects, it 
pears as if a particle (photon of radiation) is colliding against another particle ( electron). 
ance, it became necessary to assume that in photoelectric effect and Compton 
ect, radiation exhibits particle nature. 

The various phenomena concerning radiation can be divided into three parts : 

1. The phenomena such as interference, diffraction, polarisation, etc in which 
teraction of radiation takes places with radiation itself. Such phenomena can be 
plained on the basis of electromagnetic (wave) nature of radiation only. 

2. The phenomena such as photoelectric effect, Compton effect, etc in which interaction 
radiation takes place with matter. Such phenomena can be explained on the basis 
quantum (particle) nature of radiation. 

3. The phenomena such as rectilinear propagation, reflection, refraction, etc in which 
e interaction of radiation takes place neither with itself, nor with matter. Such 
1enomena can be explained on the basis of either of the two natures of the 
diation. 

It may be pointed out that ina particular experiment, radiation has a particular 
ture i.e. either it possesses wave nature or particle nature. 
mg 1.02. PHOTON 

A photon is a packet of energy. It possesses energy given by 

Eehy; 
here h (= 6-62 x 104 J s) is the Planck’s constant and yv is the frequency of the 
10ton. If A is the wavelength of the photon, then 


co=7,A 
Here, c=3x 108 ms is velocity of light. 
h 
Therefore, Rhy ~ ...(1.01) 


Energy of a photon is usually expressed in electron volt (eV). 
1eV =1-6 x 10-'9J 
The bigger units are keV and MeV. 
1 keV = 1-6 x 10-16J and 1 MeV = 1-6 x 10° J 


mm 1.03. PHOTOELECTRIC EFFECT 

Hallwach discovered that an insulated zinc plate connected to a gold leaf 
ectroscope and charged negatively lost its charge, when a beam of ultraviolet light 
as directed on the plate. In order to explain this observation, Hallwach suggested 
at the metal surface loses negative charge due to ejection of electrons from its 
urface by the ultraviolet light. The effect was termed as photoelectric effect. 

The phenomenon of ejection of electrons from a metal surface, when light of sufficiently 
gh frequency falls upon it, is known as the photoelectric effect. 

The electrons so emitted were called photoelectrons. J.J.Thomson showed that 


e photoelectrons were not different from the ordinary electrons. 
797 
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Key point Beli a 
A photon is not a material particle. It is a 
quanta of energy. ee 


Key point out we 
Photoelectric effect demonstrates particle 
nature of radiation. — eee ee” 


ME | .04. EXPERIMENTAL STUDY OF CT 
_ In 1900, Lenard studied the photoelectric effect experimentally. Fig. 1.01 shows 
the experimental arrangement used to study the photoelectric effect. 

The apparatus consists of an evacuated glass tube fitted with two electrodes. 
The electrode E is called the emitting electrode and the other electrode C is called 
the collecting electrode. Avarying potential difference can be applied across the two 
electrodes. 

When a suitable radiation is incident on the electrode E, electrons are ejected 
from it. The electrons, which have sufficient kinetic energy, reach the electrode C 
despite its negative polarity. The potential difference between the two electrodes 
acts as the retarding potential. As the collecting electrode is made more and more 
negative, fewer and fewer electrons will reach the cathode and the photo-electric 
current recorded by the ammeter w ill fall. In case the retarding potential equals V,, 
called the stopping potential, no electron will reach the cathode and the current will 
become zero. In such a case, the work done by the stopping potential is equal to the 
maximum kinetic energy of the electrons i.e. 


2, 


1 
eVo “ag Ws a ...(1.02) 


As e, the charge on electron, is constant, 
1 
Vo 2 m Cat 

Thus, the stopping potential gives the estimate of the maximum kinetic energy, 
with which the photoelectrons may be emitted. 

Laws of photoelectric emission. Various experimental observations led to 
various conclusions, which became known as the laws of photoelectric emission, 
as explained below : 

1. The emission of photoelectrons takes place only when the frequency of the incident 
radiation is above a certain critical value, characteristic of that metal. The critical value 
of frequency is known as the threshold frequency for the metal of the emitting electrode. 

Suppose that when light of certain frequency is incident over a metal surface, 
the photoelectrons are emitted. To make the photoelectric current zero, a particular 
value of the stopping potential will be needed. If we go on reducing the frequency 
of incident light, the value of the stopping potential will also go on decreasing 
[Fig. 1.02]. At a certain value of frequency v,, the photoelectric current will become 
zero, even when no retarding potential is applied. This frequency v, corresponds 
to the threshold frequency for the metal surface. The emission of photoelectrons does 
not take place till the frequency of incident light is below this value. 

2. The emission of photoelectrons starts as soon as light falls on metal surface. 

It has been found that the time lag between the incidence of photon and the 
emission of electron is less than 10° s. 

3. The maximum kinetic energy with which an electron is emitted from a metal surface 
is independent of the intensity of the light and depends only upon its frequency. 

When light of frequency v (greater than threshold frequency v,) is incident, 
photoelectrons will be emitted. If we use incident light of different intensities 
(L,, L,), but of same frequency (v), we shall obtain the graphs between the retarding 
potential and the photoelectric current as shown in Fig. 1.03. The graph shows that 
the value of stopping potential is the same for light of different intensities. Therefore, 
it follows that the maximum kinetic energy of the emitted photoelectrons is 
independent of the intensity of light. 

On the other hand, if light of different frequencies (1,1), but of same intensity 
(L) is incident, we shall obtain the graphs between the retarding potential and the 
photoelectric current as shown in Fig. 1.04. 

As the stopping potential has got different values, it follows that maximum 
kinetic energy with which the photoelectrons are emitted depends upon the 
frequency of light. Further, Vv? > VP implies that if the frequency of incident light 
is increased, the maximum kinetic energy of the photoelectrons also increases. 

4. The number of photoelectrons emitted i.e. the photoelectric current, is independent 
of the frequency of the incident light and depends only upon its intensity. 

The fact that the number of photoelectrons emitted is independent of the 
frequency of the light can be easily followed from Fig. 1.04 and that the number of 
photoelectrons emitted depends upon the intensity of light is revealed by Fig. 1.03. 
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From Fig. 1.03, it follows that as the intensity of light is increased (L, > L,), the 
umber of photoelectrons emitted also increases. 


gu 1.05. EINSTEIN’S PHOTOELECTRIC EQUATION 


To explain photoelectric effect, Einstein postulated that the energy carried by 
photon of radiation of frequency v is h v. According to him, the emission of a 
x0toelectron was the result of the interaction of a single photon with an electron, 
which the photon is compietely absorbed by the electron. We know that to remove 
1 electron from a metal, a certain minimum amount of energy @, called work 
nction of the metal, is required. Thus, when a photon of energy hv is absorbed 
y an electron, an amount of energy at least equal tow (provided hy >) is used up 
liberating the electron free and the difference hv — w becomes available to the 
ectron as its maximum kinetic energy. Thus, 


1 
5M imax = hv — 


...(1.03) 


Here, m is the mass of electron and v,,,, is the maximum velocity of the 
hotoelectrons. In fact, most of the electrons possess kinetic energy less than the 
1aximum value as they lose a part of their kinetic energy due to collisions in 
scaping from the metal. Further, the work function* of the metal is a characteristic 
€ the metal and does not depend upon the nature of the incident radiation. It is 
ymetimes also called the threshold energy of the metal. Ifv, is the frequency which 
orresponds to threshold energy of the metal, then 

w=hv, 

Here, v, is called the threshold frequency. Putting w = hv, in equation (1.03), 

ve obtain 


i! 
or hy = 0+ 5M Vmax 


...(1.04) 


The above relation is called the Einstein’s photoelectric equation. Since a high 
requency radiation consists of photons of high energy, while one of high intensity 
onsists of a large number of photons ; from Einstein’s relation, it follows that : 

1. the photoelectrons will possess positive kinetic energy and hence will be 
jected out of surface, only ify > v9, i.e. if the frequency of incident radiation is greater 
han the threshold frequency for the metal. 

_2. The number of photoelectrons ejected will be large, when intense radiation 

s incident. This is because, an intense radiation will contain a large number of 

shotons and photoelectric effect is aone photon-one electron phenomenon i.e. one photon 
s capable of ejecting only one electron. 

3. the photoelectrons will come out of the metal surface 


hv=hyy +5 Uns 


with greater value of 


1 boy 
naximum kinetic energy (5 m ‘ipa =hv-h v0 | ,as the frequency of incident 


radiation is increased. 
gs 1.06. EXPERIMENTAL DETERMINATION OF PLANCK’S CONSTANT 

R.A. Millikan was able to verify Einstein's photoelectric equation with the help 
of an experimental arrangement as shown in Fig. 1.05. 

The drum D carries three cylindrical blocks. The surfaces of the blocks are 
coated with an alkali metal. The blocks can be cleaned with the help of knife edge 
K When a beam of monochromatic light falls on the alkali metal, photoelectrons 
are emitted. The photoelectrons emitted reach the electrode C. The electrode C is 
usually kept negative 7.r.t. the cylindrical blocks. Therefore, the photoelectrons will 
be repelled and only fast moving electrons will be able to reach the electrode C. The 
negative potential of electrode C is kept increasing, until even the fastest moving 


1 
photoelectrons are repelled back. If — m v2, is the kinetic energy of the fastest 


photoelectron and V, is the stopping potential, then 


1 


5m Vay = EN (1.05) 


Brighter light means more photons, not 
more energetic photons ! 


There is no effect of frequency of incident 
light on the number of emitted photo- 
electrons. 


os 
Key point S 


Photoelectric effect is a one photon — one 
electron phenomenon. One photon cannot 
eject more than one photoelectron. 
i SE NT 
There is no effect of intensity of light on 


the kinetic energy of the emitted 
photoelectrons. : 
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Here, e is charge on an electron. 


* Work functions of cesium, potassium, 


sodium, zinc and nickel are 1-8 eV, 2:3 eV, 2:5 eV, 3-4 eV and 5-9 eV respectively. 
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Millikan plotted a graph between the frequency (v) of incident light and the ib 


stopping potential (V,) over a wide range of frequencies. The graph was a straight 
line as shown in Fig. 1.06. 
Let us consider Einstein’s photoelectric equation, 


hy =hyy+5 mvs 


5 Ue =hv-hy, ..-(1.06) 
From equations (1.05) and (1.06), we obtain 
eV, =hv-hy, 
Se Wi caitlin 
e e 


It is an equation of a straight line having slope : and makes an intercept — ou 
on the stopping potential axis. 

Hence, experimental graph obtained between V, and v is in agreement with 
Einstein’s photoelectric equation. 

To find the value of h. The slope of the graph between V, andy can be measured. 
On multiplying with e (the electronic charge), the value of h can be obtained. It was 
found that 

h = 6-625 x 104J.s 

Note. From this experimental study, : 
alkali metal coated on the block. By defi 
(v,) is incident, photoelectrons just come 


when VEY 
i.e. the intercept of the straight 
Yq, Which when multiplied with 
mee 1.07. PHOTOELECTRIC CELLS 

A photoelectric cell is an arrangement which converts light energy into electrical 
energy. 

Photoelectric cells are of the following three types : 

1. Photoemissive cells 2. Photovoltaic cells 3. Photoconductive cells. 

A photoemissive cell may be of vacuum type or gas filled type. Let us discuss 
the working of a photoemissive cell. 

Photoemissive cell. It consists of two electrodes, a cathode C and an anode A 
enclosed in a highly evacuated glass bulb [Fig. 1.07]. The cathode C is a semi- 
cylindrical plate coated with a photosensitive material, such as a layer of cesium 
deposited on silver oxide. The anode A is in the form of a wire, so that it does not 
obstruct the path of the light falling on the cathode. 

When light of frequency above the threshold frequency for the cathode surface 


is incident on the cathode, photoelectrons are emitted. If a potential difference of | 


about 10 V is applied between the anode and cathode, the photoelectrons are attracted 
towards the anode and the microammeter connected in the circuit will record the 
current. 

The chief advantages of this type of photocell are that there is no time-lag 
between the incident light and the emission of photoelectrons and that the photo- 
electric current is proportional to the intensity of light. The cell is extremely acccurate 
in response. Hence, it is used in television and photometry. 


The current may be increased by a factor of about 5 by filling the tube with an 
inert gas at a pressure of a few mm of mercury. When the potential difference between " 
the electrodes exceeds the ionisation potential of the gas, the emitted photoelectrons — 


ionise the gas atoms and now a larger current flows. 


The gas filled photo cell cannot be used for registering very rapid changes of . 


illumination, because it takes only 10+ s for the ions to recombine and the current 
cannot follow the changes in such a short time. Hence, the current cannot maintain 
proportionality with the changing intensity of light. However, it is quite good for 
use in a film projector, as it can follow the changes in light intensity from the sound 
track. Sa att 


\ 


Photoelectric cells have a variety of applications in industries and daily life. 
.few important applications of photoelectric cells are as given below : 

1. It is used for the reproduction of sound from the sound track recorded on 
ne edge of the cinema films. 

2. It is used in a television studio to convert the light and shade of the object 
ito electric currents for transmission of picture. 

3. Itis used in a photographic camera for the automatic adjustment of aperture. 

4. It is used to compare the illuminating powers of two sources of light and 
) measure the illumination of a surface. 

5. It is used for automatic counting of the number of persons entering a hall, 


stadium, etc. 


6. It is used for automatic switching of street lights and traffic-signals. 
7.Itis used for raising a fire alarm in the event of accidental fire in buildings, 


actories, etc. 


8. It is used in burglar-alarms for houses, banks and treasuries. 
9. A photo cell is also used in industries to locate flaws in metal sheets. 
10. It is also used to control the temperature during a chemical reaction and 


hat of a furnace. 


11. A photocell can be used for determining the opacity of solids and liquids. 


Type A. On Energy of photon 

Problem1.01. If alight wave of wavelength 4950A is 
riewed asacontinuous flow of photons, what is the energy of 
ach photon in eV ? Given, Planck’s constant, =6-6 x 104Js, 


=3x108ms-t. (I.S.C.E. 1998) 
Sol. Here,A = 4950 A = 4950 x 10-19 m ;h = 6-6 x 10-4J s; 
c=3x108 ms? 
: pte he 6-6x10~* x3x 10° 
ner: (@) oton, = = 
Bye A 4950 x 10729 
= 4-0 x 10719] 
4-0x1072? 
= sone e =2-5 eV 
1-6 107 


Problem 1.02. Calculate the number of photons in 
5-62 J of radiation energy of frequency 1012 Hz. Given, 
h = 6-62 x 104 J s. (P.S.S.C.E. 1998) 
Sol. Here, E = 6-62J ; v= 10!2 Hz ;h =662x 10Js 
Energy of a photon, h v = 6-62 x 10 x 10” 
= 6-62 x 10-7 J 
Therefore, number of photons in the given amount of 
radiation energy, 
n= Ez = taubOZ iv = 1022 
hv 6-62x10~ 
Problem 1.03. Calculate the energy of a photon, 
whose (i) frequency is 1000 kHz, (ii) wavelength is 
5890 A, (iii) wavelength is 1 A. Also express the energy of 
the photon in eV in each case. Given, LeV =1-6 x 10-19 J, 
h = 6-62 x 1034 J s andc=3x 108 ms. 
Sol. The energy of a photon is given by 
E=hv= “ 
h=662 x 104Js;c=3x10°ms!; 
leV=16x107J; 
(i) When v = 1000 kHz = 10° Hz: 
f E=hv = 6-62 x 10 x 10° = 6-62 x 10-8 J 
_ 6-62x10°% 
— -1-6x10-? 


, where c is velocity of light. 


Here, 


=414x 10 eV 


“SOLVED NUMERICAL 


‘PRO SEES res SENS 
(ii) When v = 5890 A = 5890 x 10-9 m: 


hc 6-62x107*x 3x 108 
Bre a ten tats ag 
A 5890 x 10 


= 3-37 x 10°19J 
_ 3-37x 107" 


aes 


(iii) Whend =1A=10' m: 
_he _6-62x10™*x3x 10° 


E 
A 10720 
= 1-99 x 10°16 J 
1-99 x 10726 
= Pree = 1243-8 eV 
1-610 


Problem 1.04. (a) An X-ray tube produces a conti- 
nuous spectrum of radiation with its short wavelength 
end at 0-66 A. What is the maximum energy of a photon in 
the radiation ? (PS.S.C.E. 1995, 1992 ; C.B.S.E. 1990) 

(b) From your answer to (a), guess what order of 
accelerating voltage (for electrons) is required in such a 
tube. 

Sol. Here, 4 = 0-66 A= 0-66 x 10-1? m, 

Now, h = 6-62 x 1034Jsandc=3x108ms? 

(a) The maximum energy of photon is given by 


gfe _ 6-62x10 x 3x 108 


A 0-66 x 107” 
= 3-01 x 10 J 
3-01x 107! 
= = 18-81 keV 
1-6 x10 


(b) To produce electrons of energy 18-81 keV, accelerating 
potential of 18-81 kV i.e. of the order of 20 kV is required. 

Problem 1.05. In an accelerator experiment on high 
energy collisions of electrons with positrons, a certain 
event is interpreted as annihilation of an electron-positron 
pair of total energy 10-2 BeV into two y-rays of equal 


(BeV =10? eV). (Text Problem) 
Sol. Here, energy of two y-rays = 10-2 BeV 


10-2 
Therefore, energy of one y-ray = ti, 5-1 BeV 
= 5-1 x 10? eV = 5-1 x 10? x 1-6 x 10719 J 
he 6-62x10*x3x10° 


E 5-1x109x1-6x 10 
= 2-434 x 10-16 m 
Type B. On work function and threshold wavelength 
Problem 1.06. Light of wavelength 3500 A is incident 
on two metals A and B. Which metal will yield photoelec- 
trons, if their work functions are 4-2 eV and 1-9 eV res- 
pectively ? " AGB.SES 19985 
Sol. Here, 4 =3500 A = 3500 x 10719 m 
The energy of incident light, 


he 6-62x10*x3x 108 
A 3500 x 1019 
6-62 x 104 x 3x 108 


e 
3500 x 1071? x1-6x 10" 
= 3-546 eV 

The incident light will eject electrons from a metal 
surface, if its energy is greater than the work function of that 
metal. Accordingly, metal B will yield photoelectrons. 

Problem 1.07. A metal has threshold wavelength 
of 6000 A . Calculate (i) threshold frequency (ii) the work 
function of pean? in eV. Given, h = 6-62 x 10-°4 J s and 
e=16x 10 C. 


Now, Z| = 


hv= 


Sol. Here, 4, = 6000 A = 6000 x 10-19 m 
h=6-62 x 104 Js;e=16x10C 
(i) Threshold frequency, 
8 
SIT, OSL ic hbk ta PMOTET 


Ay 6000x1071 
(ii) Work function, @ = hv, = 6-62 x 10 x 5 x 10!4 
= 3-31 x 10-19] 
Sale t08!? 
1-6x10” 
Type C. On Einstein’s photoelectric equation 
Problem 1.08. If radiation of wavelength 5000 A is 
incident on a surface of work function 1-2 eV, find the value 
of stopping potential. (B.5,5:C.E..1999, 199505) 
Sol. Here, work function, = 1-2 eV = 1-2 x 1-6 x 10-19 
= 1-92 x 10719J 
Wavelength of incident radiation, 
4 = 5000 A = 5000 x 10-19 m 
If photoelectrons are emitted with maximum velocity 


= 2-069 eV 


Umax then ; 
2 {i 
oie YO ne 
-62 x 10774 x 3 x 108 
raha Sy Boke 0” 1-92 10-1 
5000 x 107 


= 3-97 x 10-19 — 1-92 x 10-19 = 2.05 x 10-19 J 


If e is the charge on electron and V, is the stopping 
potential, then 


1 - 
€ Vp = 5 Vina = 2:05 X10 A 


energy. What is the aver ebociated th Sch Ee lat 


FVIsting = oS CSU! sgt = 1-28 Vv 
e 1-6 x10 
Problem 1.09. A metal has a work function of 2-0 e’ 
It is illuminated by monochromatic light of wavelengt 
500 nm. Calculate : (i) the threshold wavelength, (ii) th 
maximum energy of photoelectrons, (iii) the stoppin 
potential. Given, Planck’s constant, h = 6-6 x 10-*4J s, charg 

on electron, e = 1-6 x 10-19 C and 1 eV = 1-6 x 10-197, 
@S.C.E.194 

Sol. Here, h = 6-6 x 10 J s;e=16x109C; 

1eV=16x10!9J 
w = 2:0 eV = 2-0 x 1-6 x 10719 = 3-2 x 10-19] 
.  4=500nm = 500,x 10°? m; 
(i) If A, is the threshold wavelength, then. 


or Vo = 


_he 
“7 
he 6-6x10-*4 x 3x 108 
or Ao Se 
o 3-2x10 


= 618-75 x 10? m = 618-75 nm 
(ii) The maximum energy of photoelectrons, 


] 2 he 
Sain es OE argAge 


_6-6x10 4 x 3x 10° 


500x102 5 dy Cr 
x 


= 3-96 x 107!9— 3-2 x 10-19 = 0-76 x 10719 
(iii) The stopping potential is given by 
eV) =m Uns =0-76 x 107? 
0-76x10°? 0-76x10-!? 
or ya Be = OK ears 
e 1-6 10- 


Problem 1.10. Ultra-violet light of wavelength 2271 ; 
from a 100 W mercury source irradiates a photocell mad 
of molybdenum metal. If the stopping potential is 1-3 \ 
calculate the work function of the metal. How would th 
photocell respond to a high intensity (~ 10° W m7”) re 
light of wavelength 6328 A produced by a He-Ne laser 7 

(Text Problem 


Sol. Here, V,.=13V;A=2271A=2271x 10 m 


We know, hy =hvy +> m dng 


1 h 
Now, 5 Vina = & No ih = and hv,=@ 
——=a+eV) 
he 


Taking h = 6-62 x 104 Js; 
e=16x 10° Candc=3 x 108 ms- 
— 6-62x10* x 3 x 108 


2271 x 10719 
= 8-745 x 10-19 — 2.08 x 10-19 = 


_ 6-665 x 1071? 
1-6x 107? 


1 we have 
~1:6x107 9 x1-3 
6-665 x 10719] 


= 4-166 eV 


elength is given by 
he 6-62x10-*x3x10° 


o) 6-665x10 
= 2-98 x 10-7 m = 2980 A 

Since wavelength 6328 A produced by He-Ne laser and 
ncident on the photocell is greater than 1), the photocell 
vill not respond. 

Problem 1.11. Monochromatic radiation of wavelength 
40-2 nm (1 nm = 10~? m) from a lamp neon irradiates a 
shotosensitive material made of cesium or tungsten. The 
stopping voltage is measured to be 0-54 V. The source is 
eplaced by an icon source and its 427-2 nm. line irradiates 
he same photocell. Predict the new stopping voltage. 


‘ (Text Problem) 
Sol. For neon lamp : A = 640-2 nm = 640-2 x 10° m; 
V , = 0-54 volt 
Now, hv = hy += m Vinx 
he 
or = =O't'eN, 


Broken 1.12. If 5% of the energy supplied to an 
incandescent light bulb is radiated as visible light, 
how many visible light photons are emitted by a 100 watt 
bulb ? Assume the average wavelength of all visible 
photons to be 5600 A . Given, h = 6-625 x 10*J s. 
Sol. Here, A = 5600 A = 5600 x 10-1? m; 
h= 6-625 x 10" Js; 


he 6-625x104 x 3x10° 


A 5600 x 107'° 
= 3.549 x 10°19F 
A 100 watt bulb has to be supplied 100 J of energy per 


second. 
Therefore, energy radiated as visible light by the bulb per 
100x5 _ 


second = Sin 
100 


Therefore, number of visible light photons emitted per 
second as visible light 


Energy of one photon = 


5 
= BS 6c (epee a 


roblem 1.13. Estimating the following two numbers 

should be interesting. The first number will tell you, 

why radio engineers do not need to worry much about 

photons. The second number tells you, why our eye can 

never ‘count photons’, even in barely ‘detectable light. 
Find : 

(i) The number of photons emitted per second by aMW 
transmitter of 10 kW power emitting radiowaves of wave- 
length 500 m. 

(ii) The number of photons.entering the pupil of our 
eye per second corresponding to the minimum intensity of 
white light that we humans can perceive (~ 1071? W m~”). 
Take the area of the pupil to be about 0-4 cm? and the 
average frequency of white light to be about 6 x 410 Hz. 

(Text Problem) 

Sol. (i) Here, power or energy transmitted per second, 

E = 10 kW = 104 W ;2 = 500m; 


Cra Ne Lee ig i ae ed 
‘ 


he 6:62x10 >" x3x10° 
or @=-—-eVy= 5 
A 640-2 10- 
—1-6 x 10719 x 0-54 

= 2-102 x 10719 - 0-864 x 10719 m; 

= 2-238 x 107!9J 
For iron source : A = 427-2 nm = 427-2 x 10°? m; 
w = 2-238 x 10719 J 


Ace G aay Lar 
alin, = or é ce 
s rT 0 or 4 
ise 1 
eal 1 eee a 
e oF 1-6x107? 


| 6:62 1034 x 3x 108 


ee 222810") 
ae 


‘L : 
Ta ites An easy Plea wh 
1-6X107 
2-411x 107!9 
so = 1507 
1-610 
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Now, energy of one photon 
_he _6-62x10-*x3x 10° 


Therefore, number of photons emitted by the transmitter 
per second 


‘i 10* x 500 
6-62x10 4 x3x 10° 
(ii) Minimum intensity of white light = 10-10 W m * 
Area of the pupil = 0-4 cm? = 0-4 x 104 m? 
Therefore, light energy falling on the pupil per second 
= 10719 x 0.4 x 104 = 0-4 x 10° W 
Frequency of white light, v = 6 x 10'4 Hz 
Therefore, energy of white light photon, 
hv = 6-62 x 10 x 6 x 10'*J 
Therefore, number of photons entering pupil of our eye 
per second 


= 2-518 x 10°! 


0-4x 1074 
6-62x 104 x6 x10" 
Gprrtien 1.14. Light of intensity 10° W m™ falls ona 
sodium photo cell of surface area 2 cm’. Assuming 
that the top 5 layers of sodium absorb the incident 
energy, estimate the time required for photoelectric 
emission in the wave picture of radiation. The work 
function for the metal is given to be 2 eV. What is the 
implication of your answer ? (Text Problem) 
Sol. Since size of the atom is about 10-19 m, the effective 
area of an atom may be considered as 10-79 m? (roughly). 
Area of each layer in sodium = 2 cm? = 2 x 10+ m? 
Therefore, number of atoms in 5 layers of sodium 
- 2x107x5 
Peal ygye eet 
If we assume that sodium has one conduction electron 
per atom, then 
number of electrons in 5 layers of sodium = 10!7 


= 104 


“Intensity of incident light = 10- Wn m 


Therefore, ENE ES? incident Pe second on the ener of 


the photocell = 10713 2 810-4 = 2'« 307 W 
Since incident energy is absorbed by 5 layers of sodium, 


according to wave picture of radiation, the electrons present 


in all the 5 layers of sodium will share the incident energy 
equally. 

Therefore, energy received by any one electron in the 5 
layers of sodium 


eee 


Q. 1.01. If radiation has both particle and wave prop- 
erties, how can one decide which property to use in describ- 
ing physical phenomenon ? 

Ans. Refer to section 1.01. 

Q. 1.02. Name a phenomenon, which illustrates the 
particle nature of light. (H.S.S.C.E. 2002, 1999) 

Ans. Photoelectric effect. 

Q. 1.03. On which factor does the energy carried by a 
quantum of light depend ? (P.S.S.C.E. 1999, 1997 S) 

Ans. Energy of a photon, E=h vy 

Therefore, energy of a photon depends upon its 
frequency. 

Q. 1.04. Calculate the frequency associated with a pho- 
ton of energy 3-3 x 10-2° J. Givenh = 6-6 x 10™4J s. 

(H.S.S.C.E. 2002) 

ah RK. 3:3 10-7 

Buea 

Q. 1.05. What is the energy associated in joule with a 

photon of wavelength 4000 A ? (C.B.S.E. 1994) 


he _6-625x104 x 3x 10° ees 
A 4000 x 107! fe ; 
Q. 1.06. Which photon is more energetic: A red one 
oravioletone?  (H.S.S.C.E. 2002, 1993 ; H.P.S.S.C.E. 1993) 
Ans. Violet photon is more energetic than red one. It is 
because, wavelength of violet light is less than that of red light. 
Q. 1.07. Define an electron volt. (PSS: E.1999) 
Ans. The energy gained by an electron, when acce- 
lerated through a potential difference of 1 V, is called one 
electron volt (eV). 
leV = 1-6 x 10°19 J 
Q. 1.08. How many electron volts make one joule ? 
(H.P.S.S.C.E. 1993) 


=5x 10 Hz 


Ans. E = 


Ans. We know, 1 eV = 1-6 x 10°19J 
1 
1J = ———_— 
I Texto 
Q. 1.09. What is the frequency of a photon, whose 
energy is 66-3 eV ? Given, h = 6-673 x 10 J s. 

(P.S.S.C.E. 1997) 

Ans. Here, E = 66-3 eV = 66:3 x 1-6 x 10°19J 

E_ 66-3x1-6x10- 


Frequency of photon, y = — = ———————, — 
Lae h 6-673 x 10°4 


= 1-6 x 1016 Hz 


Therefore, = 6-25 x 1018 eV 


Since work function of sodium is 2 eV, an electron wi 
be ejected as soon as it gathers energy equal to 2 eV. Therefore 
2 


time required for photoemission = 


1-25x 1077 
=1-6 x 10’ s ~ 0-5 yea 
It is contrary to the observed fact that there is no tim 
lag between the incidence of light and the emission of photo 
electrons. 


Q. 1.10. Find the photon energy in eV for electromag 
netic wave of wavelength (A) 1 m. Given, h = 6-63 x 104 J : 
e=16x10C. (H.S.S.C.E. 1993 

Ans. Here, h = 6-63 x 104 J s;e=1-6 x 10° C ;A=1n 


he _6-63x10™* x 3x 10° 
Energy of proton gs ak ae) ge sercee 


19-89 x 10°26 


=19-89x 1077°y = ae 
1-6x10 
= 1-243 x 10 eV 

Q. 1.11. What is photoelectric effect ? 

(P.S.S.C2E 1999'S 5, C1 Bro-be 1992 

Ans. For definition, refer to section 1.03. 

Q. 1.12. What are photoelectrons ? 

Ans. When light of suitable wavelength falls on a meta 
surface, then the electrons so emitted are callec 
photoelectrons. 

Q. 1.13. Mention one physical process for the releas: 
of electrons from the surface of a metal. (H.S.S.C.E. 2002 

Ans. By exposing the surface of metal to radiation o 
frequency greater than the threshold frequency for the metal 

Q. 1.14. Do X-rays show the phenomenon of photo 
electric effect ? 

Ans. Yes, X-rays show photoelectric effect in sodium 
zinc, copper, etc. The energy of X-ray photon is quite large it 
comparison to that of visible light or ultraviolet light. 

Q. 1.15. Why are alkali metals most suited for photo 
electric emission ? 

Ans. Alkali metals show photoelectric effect with visible 
light. The reason is that the work function of an alkali meta 
is quite low. Metals such as zinc, cadmium, etc. require mucl 
energetic radiation (such as ultraviolet light) to emi 
photoelectrons. 

Q. 1.16. Define photoelectric work function. 

(.5-5.CE. 1998, 

Ans. The minimum amount of energy required to ejec 
an electron from a surface (without imparting any kinetic 
energy) is called work function of the surface. 

Q. 1.17. What is threshold wavelength ? 

Ans. The maximum wavelength of incident light for a meta 
surface, above which the light cannot eject electrons, is callec 
threshold wavelength for that metal surface. 

Q. 1.18. Two metals A and B have work functions 2 eV 
and 4 eV respectively. Which metal has a lower threshold 
wavelength for photoelectric effect ? 

(C.B.S.E. 2002, 1996 ; H.S.S.C.E. 2002 
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uns. We know, @ 
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"Tt follows that for'the metal B which has greater value 
of work function i.e. 4°eV, the threshold wavelength will be 
ower. tlie ee ee 
Q. 1.19: Define threshold frequency. 

Ans. The minimum frequency of incident light for a metal 
surface, below.which the light cannot eject electrons, is called 
threshold frequency for that, metal surface. 

Q. 1.20. Is photoelectric emission possible at all fre- 
quencies ? Give reasons for your answer. (C.B.S.E. 1990) 

Ans. No, photoelectric emission is not possible at all 
frequencies. The incident photon of light can eject electrons, 
if it possesses energy greater than its work function. Since 
work functionw =h vo, photoelectric emission will take place, 
if frequency of incident light is greater than 1. 
© Q. 1.21. When radiation of frequency 10 Hz is 
incident on a certain surface, no photoelectric emission 
takes place. What conculsion do you draw from this ? 

Ans. It implies that frequency of 101° Hz is below the 
threshold frequency for that metal surface. 

Q. 1.22. The threshold frequency of a material is 
2 x 10-14 Hz. What is its work function ? 

“HLS.SASE. 1998'S) 

Ans. Here, v, = 2 x 10" Hz 

A w =hv, = 662 x 10 x 2 x 10" 

= 1:324 x 10°) J 
1:324x10°!? 


= exo 7 78275 eV 


Q. 1.23. For a photosensitive surface, work function is 
3-3 x 10-19 J. Taking Planck’s constant to be 6-6 x 10%4Js, 
find threshold frequency. oo dk. 1997) 
Ans. Here, w = 33 x 10°!9J ;h = 6-6 x 10 Js 


@ 33x10” 
Threshold frequency, v, = hen 2 ra oe 


Q. 1.24. Calculate the threshold frequency of photon 
for photoelectric emission from a metal of work function 
0-1 eV. (C.B.S.E. 1992) 

Ans. Here, @ = 0:1 eV = 0-1 x 1-6 x 1079 = 16 x 10°? J 

Therefore, threshold frequency, 
@_ 1-6x nga 
h 6-62x10-™* 

Q. 1.25. Calculate the work function of a metal in eV, if 
its threshold wavelength is 6800 A and h = 6-62 x 10°’ ergs. 

(H.S.S.C.E. 1996, 1995) 

Ans. Here, J, = 6800 A =6-8.x 1077 m, 


=5x 10 Hz 


= 2-417 x 10Hz 


LA 


62x 104 10° 4 
BR i Es ate =2-92x107J 
Ao 6-8x10- 
= 1-825 eV 


Q. 1.26. Work function of Na is 2:3 eV. Does sodium 
show photoelectric emission for light of wavelength 
6800 A ? (Given, h = 6-63 x 10°4Js) (H.S.S.C.E. 1994) 

Ans. For A = 6800 A = 68 x 107 m, 
he 6-63x10 **#x3x10° 
A 6-8x107 
= 2.925 x 10719 J = 1-828 eV 


energy of photon = 


OM eh 
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_ Since the energy of photon is less than the work function 
for Na, photoelectric emission will not take place. 

Q. 1.27. Does the threshold frequency depend on 
intensity of light ? (C.B.S.E. 1982) 

Ans. No, threshold frequency does not depend on 
intensity of light. 

Q. 1.28. How does the maximum kinetic energy of 
electrons emitted vary with the work function of the metal ? 

(C.B.S.E. 2001) 

Ans. The maximum kinetic energy of emitted electrons 
decreases, as the work function of the metal increases. 

Q. 1.29. If the maximum kinetic energy of electrons 
emitted by a photo cell is 5 eV, what is the stopping poten- 
tial ? (H.P.S.S.C.E. 2002 ; C.B.S.E. 2001, 1996) 

Ans. The stopping potential for electrons having 
maximum kinetic energy of 5 eV is 5 V. 

Q. 1.30. The frequency (v) of incident radiation is 
greater than threshold frequency (v,) in a photocell. How 
will the stopping potential vary, if frequency (y) is 
increased, keeping other factors constant ? (C.B.S.E. 2002) 

Ans. The kinetic energy of the emitted photoelectrons 
will increase. 4 

Q. 1.31. If the intensity of incident radiation in a photo- 
cell is increased, how does the stopping potential vary ? 

(C.B.S.E. 2002) 

Ans. There is no effect on stopping potential. 

Q. 1.32. The maximum kinetic energy of photo- 
electrons emitted from a surface, when photons of energy 
6 eV fall onit is 4 eV. What is the stopping potential (in volt) 
for the fastest photoelectrons ? (I.L.T. 1999) 

Ans. The stopping potential (in volt) for fastest 
photoelectrons is numerically equal to their kinetic energy (in 
eV). Therefore, 

stopping potential for fastest photoelectrons = 4 V 

QO. 1.33. State Einstein’s photoelectric equation in 
mathematical form. (H.S.S.C.E. 2002) 


Ans. hy = hyo +5 mma 


where the letters have their usual meanings. 

Q. 1.34. Can the phenomenon of photoelectric effect be 
explained on the basis of wave theory ? 

Ans. No, it can not be explained on wave theory. 

Q. 1.35. What determines the strength of photoelectric 
current ? 

Ans. The photoelectric current increases with the 
intensity of incident light. 

Q. 1.36. What is the effect on the velocity of the photo- 
electrons, if the wavelength of the incident light is de- 
creased ? (C.B.S.E. 1982) 

Ans. The velocity of the photoelectrons will increase on 
decreasing the wavelength of the incident light. 

. Q.1.37. If the intensity of incident radiation on a metal 
surface is doubled, what happens to the kinetic energy of 
the electrons emitted ? (C.B.S.E. 1993) 

Ans. There is no effect of intensity on kinetic energy of 
the emitted electrons. 


Q. 1.01. Define pilotoclednie effect and threshold 
frequency. (H.S.S.C.E. 2002 ; Pre-degree Kerala, 1992) 

Ans. Photoelectric effect. Refer to section 1.03. 

Threshold frequency. Refer to VSQ 1.17. 

Q. 1.02. Define work function of a metal and photo- 
electric effect. fi.P'S.5.C.E. 1998) 

Ans. Work function. Refer to VSO 1.14. 

Photoelectric effect. Refer to section 1.03. 

Q. 1.03. Define photoelectric work function and 
threshold frequency. (H.S.S.CE. 2002) 

Ans. Photoelectric work function. Refer to VSQ 1.14. 

Threshold frequency. Refer to VSQ 1.17. 

Q. 1.04. Two metals X and Y when illuminated with 
appropriate radiations emit photoelectrons. The work 
function of X is higher than that of Y. Which metal will 
have higher value of threshold frequency and why ? 

(C.B.S.E. 2001 S) 

Ans. The work function of a metal is given by 

o=hv, 
where 1 is threshold frequency. Since work function of metal 
X is higher, it will also have higher value of threshold 
frequency. 

Q. 1.05. It is harder to remove a free electron from 
copper than from sodium. Which metal has greater work 
function ? Which has higher threshold wavelength ? 

Ans. As itis harder toremove anelectron from copper 
than sodium, work function of copper is greater. 


= or Ay& fe 
Xo o 

As threshold wavelength is inversely proportional to 
the work function, its value will be more for sodium. 

Q. 1.06. Visible light cannot eject photoelectrons from 
copper surface, whose work function is 4-4 eV. Why ? Prove 
it mathematically. (P.S.S.C.E. 2001) 


Ans. Here, = = =44eV=44x16x19719J 
0 
Therefore, threshold wavelength for copper surface, 


he 6-62x10 *x3x10° 
@ 4-4x1-6x10-”” 
= 2:821 x 10-7 m = 2821 A 

Since wavelength of visible light (3800 A to 7800 A) is 
greater than threshold wavelength for copper surface, it 
cannot eject electrons from copper. 

Q. 1.07. Green light ejects electrons from a certain 
photo-sensitive surface, yellow light does not. What will 
happen in case of red and violet light ? Give reasons for 
your answer. (C.B.S.E. 2001 S) 

Ans. As the green light ejects electrons from the surface, 
wavelength of green light is less than the threshold 
wavelength for the surface. Further, as the yellow light cannot 
eject photo-electrons, the wavelength of yellow light is greater 
than that threshold wavelength. The wavelength of red light 
is greater than that of yellow light while the wavelength of 
violet light is less than that of green light. Hence, red light 
cannot cause photoelectric emission, while photoelectric 
emission will take place for violet light. 


Now, o=hv = 


Ay = 
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ER QUESTIONS ~ 
With Answers/Hints - 
Q. 1.08. Two metals X and Y have work functions 2 eV 
and 5 eV respectively. Which metal will emit electrons, when 
irradiated with light of wavelength 400 nm and why ? 
(C.B.S.E. 1999) 


Ans. Here, 4 = 400 nm = 400 x 10-? m 
Therefore, energy of photon, 


he 6: Bien ees 


Ee 400 x 1072 
= 4.965 x 10719 J 
-19 
= ican mihiatn 
1-6 x 107 


Since work function of metal X is less than the energy of 
the incident light, photoelectrons will be emitted by this metal 
only. 

Q. 1.09. Radiation of frequency 10! Hz are incident on 
two photosensitive surfaces P and Q. Following observa- 
tions are made : 

(i) Surface P : Photoemission occurs but the photoelec- 
trons have zero kinetic energy. 

(ii) Surface Q : Photoemission occurs and photoelec- 
trons have some kinetic energy. 

Which of these has a higher work function ? If the inci- 
dent frequency is slightly reduced, what will happen to 
photoelectrons emission in the two cases ? 

(C.B.5.E. 1999 SI 

Ans. From Einstein’s photoelectric equation, we may 
write 

o=hv— ; m Bee 

For surface P, kinetic energy of photoelectrons is zero ; 
while for plate Q, the photoelectrons have some kinetic 
energy. It follows that work function of surface P is greater 
than that of surface Q. 

If the incident frequency is slightly reduced, the energy 
of incident photon will become less than the work function 
for surface P. Hence, photoelectric emission will not take 
place in case of surface P. 

Q. 1.10. State the laws of photoelectric emission. 

(C.B.5.E..1998 ;FLS,S:C.E..2001,, 1995) 
Or 

Write down laws of photoelectric effect. 

GSS QELIIGTZ S$) 

Ans. Refer to section 1.04. 

Q. 1.11. Photoelectric emission is an instantaneous 
process. Comment. 

Ans. There is no time lag between the instant the photon 
of light falls on the metal surface and the instant a 
photoelectron is emitted from the metal surface. It can not be 
explained by assuming wave nature of radiation. If wave 
nature of radiation is assumed, then it will take quite a long 
time (about an year) for electron to come out of the metal 
surface. 

Q. 1.12. Every metal has a definite work function. Why 
do all the photoelectrons not come out with the same 
energy, if incident radiation is monochromatic ? Why is 
there an energy distribution of photoelectrons ? - 

(P.S.S.C.E. 1996 ; Text Question) 


LO My 


Ans. Work function of a metal is the minimum energy 
equired to knock out an electron (from the conduction 
sand). Since electrons are present in a continuous band of 
levels, different electrons require different amounts of energy 
10 get out of the atom. For this reason, the electrons knocked 
off by a monochromatic radiation possess different energies. 

Q.1.13. Is it essential that each incident photon should 
eject a photoelectron ? Explain. 

Ans. The photoelectric emission takes place, when the 
incident photon is absorbed by the electron in the atom. The 
energy equal to work function of metal is used up in ejecting 
photoelectron and the difference appears as the kinetic energy 
of the electron. Since one photon can be absorbed by one 
electron, a photon can eject only one electron. 

Q. 1.14. What is the effect of (i) intensity and (ii) fre- 
quency of incident light on photoelectric current ? Explain. 

(P.S.S.C.E. 1996) 

Ans. Refer to section 1.04. 

Q. 1.15. Explain the terms cut off potential (stopping 
potential) and threshold frequency in photoelectric effect. 


Ans. Cut of potential. The minimum value of opposing 
potential difference required so as to just stop the photoelectrons 
emitted with maximum kinetic energy, is called stopping potential. 

Threshold frequency. Refer to VSQ 1.17. 

Q. 1.16. Define the term : (a) work function, (b) thres- 
hold frequency and (c) stopping potential with reference 
to photoelectric effect. (C.B.S.E. 2002) 

Ans. (a) Work function. Refer to VSQ 1.14. 

(b) Threshold frequency. Refer to VSQ 1.17. 

(c) Stopping potential. Refer to SAQ 1.14. 

Q. 1.17. A source of light is placed at a distance of 
50 cm from a photocell and the cut off potential is found to 
be V,. If the distance between the light source and photocell 
is made 25 cm, what will be the new cut off potential ? 
Justify your answer. (C.B.S.E. 2001 S) 

Ans. On decreasing the distance of the source of light 
from the photocell from 50 cm to 25 cm, the intensity of light 
will become four times. Since there is no effect of intensity of 
light on the maximum kinetic energy of emitted photo- 
electrons, the stopping potential will remain the same i.e. Vo. 

Q. 1.18. For photoelectric effect in a metal, the Fig. 1.08 
shows the plot of cut off voltage versus frequency of 
incident radiation. Calculate (i) the threshold frequency 
and (ii) the work function for the given metal. 

(C.B.S.E. 1995) 


ie] ies) 


CUT OFF 
VOLTAGE (V) —» 


Vo 
12345678 910 (x10°) 
FREQUENCY (in Hz) —> 
Fig. 1.08 


* the equation of a straight line having slope m and making intercept c on y-axis is Y 


Ans. (i) The threshold frequency (v,) is equal to the 
intercept made by the graph on frequency axis. Thus, 
v= 4-5 x 1014 Hz 
(ii) Work function of the metal, 
w =hyv, = 6-62 x 104 x 45 x 10! 
= 2.98 x 10719J 
_ 2-98 x 107 
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Q. 1.19. Draw a graph to show the variation of stopping 
potential with frequency of radiations incident on a metal 
plate. How can the value of Planck’s constant be deter- 
mined from this graph ? (C:B:S.E1995) 

Ans. The graph between the radiation of stopping 
votential (or cut off voltage) and the frequency of the incident 
radiation is as shown in Fig. 1.08. 

To find h, : From Einstein’s photoelectric equation, we 
have 


Pere) 
hv—-hvo papi Vinax = Vor 


where V, is the stopping potential. Therefore, 
Peat 
(v — Vo) 

From the graph, by noting v, and the value of frequency 
vy corresponding to a certain value of stopping potential, the 
value of Planck’s constant can be found. 

Q. 1.20. Draw a graph showing the variation of 
stopping potential with frequency of incident radiation in 
relation to photoelectric effect. Deduce an expression for the 
slope of this graph using Einstein’s photoelectric equation. 

(C.B.S!ES 1997) 


Ans. For graph, refer to Fig. 1.08. 
From Einstein’s photoelectric equation, we have 


Lae 
hv=h feriene Uae EVA EIN 


or Onan ais — i GO), 

Since v is plotted along X-axis and V, along Y-axis ; 
comparing the equation (7) with the equation of a straight 
line*, we have 

slope of V, versus v graph = h/e 

Q. 1.21. Define the terms “threshold frequency’ and 
‘stopping potential’ for photo-electric effect. Show graphi- 
cally how the stopping potential for a given metal varies 
with frequency of the incident radiations. Mark threshold 
frequency on this graph. (C.B.S.E. 1998) 

Ans. Threshold frequency. Refer to VSQ 1.17. 

Stopping potential. Refer to SAQ 1.14. 

For answer to the remaining part of SAQ 1.21, refer to 
Fig. 1.08. 

Q. 1.22. Define the terms “work function’ and “thres- 
hold frequency’ for photoelectric effect. Show graphically 
how stopping potential for a given metal varies with 
frequency of incident radiation. What does the slope of this 
graph represent ? (C.B.S.E. 1998) 

Ans. Work function. Refer to VSQ 1.14. 

Threshold frequency. Refer to VSQ 1.17. 


=mx+cC 


incident radiation, refer to Fig. 1.08. 


Slope of the graph -4 


For details refer to SAQ. 1.20. 

Q. 1.23. State Einstein’s photoelectric equation and 
explain the terms involved. (H.S.S.C.E. 2002) 

Ans. Einstein’s photoelectric equation : 


1 
hy=hyg +m Vinax 


Here, v is frequency of incident light, v, is threshold 
frequency and v,,,, is the maximum velocity with which 
photoelectrons are emitted. 

Q. 1.24. An increase in frequency of incident light 
increases the velocity with which a photoelectron is ejected. 
Explain, how. 

Ans. According to Einstein’s photoelectric equation, 

gies: 
hv=hyvg+ 7 M Umax 

or 5 ay =h(v—v9) 

As the frequency of incident light is increased, difference 
v—v, and hence the value of maximum kinetic energy of the 
photoelectrons goes on increasing. 

Q. 1.25. For a photosensitive surface, threshold wave- 
length is 2. Does photoemission occur, if the wavelength 
() of the incident radiation is (a) more than/,, (b) less than 
A, ? Justify your answer. (C.B.S.E. 2001 S) 

Ans. In terms of wavelength of the incident radiation, 
Einstein’s photoelectric equation is 

he _he " 1 2 


1 
(a) When >A, Fi m Ue is negative. Hence, photo- 
emission will not occur, if A > Ae 


1 
(b) When dA < Ay 2 m vet is positive. Therefore, when 
4 <A,, photoemission will occur. 
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Q. 1.01. When monochromatic radiation of wave- 
ee length 2000 A falls upon a nickel plate, the latter 
acquires a positive charge. The wavelength is increased 
and at 3400 A, however intense the incident radiation may 
be, the effect is found to cease. Explain it. 

(Roorkee, 1983) 

Ans. When radiation of 2000 A falls on nickel plate, it 
acquires positive charge due to emission of photoelectrons. 
It implies that the wavelength of the incident radiation is 
below the threshold wavelength of nickel. 

When the incident radiation has wavelength equal to or 
greater than the threshold, no photoelectrons is emitted, 
howsoever intense the radiation may be. Since wavelength 
has been gradually increased to 3400 A, when the effect is 
found to cease ; 3400 A corresponds to threshold wavelength 
for the nickel surface. 

Q. 1.02. In the photoelectric effect, there is a cut-off 
‘gaa frequency. How does the photon picture explain this 


fact ? (Roorkee, 1980) 
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electron not depend upon the intensit 
Explain. ! \ 

Ans. The maximum kinetic energy of the photoelectrons 
is given by ea een ' 


Date ee hae li , 

Thus, the maximum velocity of photoelectrons depends 
upon the frequency of the incident light and not on its 
intensity. | 

Q. 1.27. If the frequency of the incident radiation on 
the cathode of a photocell is doubled, how will the follo- 
wing change : (i) kinetic energy of the electrons, (ii) photo- 
electric current, (iii) stopping potential. .. (C.B.S.E. 1999) 

Ans. From Einstein's photoelectric equation, we have 


a ae OPE ee 4 
(1) If the frequency of incident radiation is doubled, the 


difference hy — h v, and hence — m Uo will increase i.e. 
kinetic energy of photoelectrons will increase. 

(ti) The increase in frequency of the incident radiation 
has no effect on the photoelectric current (or the number of 
photoelectrons emitted). 

(iii) If V, is the stopping potential, then 

Z m ae =e Vo 

or eV, =hv-hy, 

Therefore, if the frequency of incident radiation is 
doubled, the stopping potential will increase. 

Q. 1.28. Explain the working of a photo cell. 

(H.S.S.C.E. 1994) 

Ans. Refer to section 1.07. 

Q. 1.29. What is a photoelectric cell ? State its two uses. 

(P.S.S.C.E. 1999 S, 1999, 1992) 

Ans. Refer to sections 1.07 and 1.08. 

Q. 1.30. Write four uses of photocell. (P.S.S.C.E. 2002) 

Ans. Refer to section 1.08. 


Or 

Explain briefly, how classical theory could notexplain 
the phenomenon of photoelectric effect. 

Ans. To eject an electron from a metal surface, a 
minimum amount of energy, called the work function of the 
metal, is required. Classically, if incident radiation is a wave, 
its energy is shared by all the atoms in the metal surface and 
calculations show that it will take almost a year, when the 
requisite amount of energy may be accumulated by an 
electron. Hence, on classi-cal picture, photoelectric emission 
can not be instantaneous. 

When the incident radiation is assumed to be consisting 
of photons, a photon of frequency v, or more can possess the 
energy needed to eject an electron. If frequency of incident 
photon is less than v,, no photoelectric emission will take 
place. In a way, v, is a cut-off frequency. As said earlier, the 
photo-electric emission will take place only, if the frequency 
of incident photon is equal to or greater thany, , the threshold 
frequency. 


Carrying 3 Marks 


Describe photoelectric effect and state the laws of stopping potential and the photoelectric current ? 


photoelectric emission. (H.S.S.C.E. 2000) (C.B.S.E. 2000) 
2. With reference to the photoelectric effect, define the terms 6. Define threshold frequency, stopping potential and work 
‘work function’ and ‘threshold wavelength’ fora given function in photoelectric emission. Show that the existence 
metal. On what factors will the following depend during of threshold frequency is an evidence in favour of the 
photoelectric emission from a metal surface : (1) the quantum theory. Bring out the difference in photoelectric 
magnitude of photoelectric current, and (ii) the velocity of -_ effect produced by UV rays and that by visible light. 
ejected electrons ? (I.S.C.E. 1998) 7. Explain Einstein’s theory of photoelectric effect. 
3. Explain ‘stopping potential’ and “threshold frequency’ in (H.S.S.C.E. 2001) 
photoelectric emission. Give an appropriate graph. 8. What is photoelectric effect ? Derive Einstein’s photo- 
(I.S.C.E. 1996) electric equation. (H.PS.S.C.E. 2002) 
4. Whatis photoelectric effect ? Write Einstein’s photoelectric 9. What is photoelectric effect ? Derive their laws from 
equation and use it to explain (i) independence of Einstein’s photoelectric equation. (PS.S.C.E. 2002) 
maximum energy of emitted photoelectrons from intensity 10. Define the phenomenon of photoelectric effect. State the 
of light, (ii) existence of a threshold frequency for emission laws of photoelectric effect. Give Einstein’s explanation of 
of photo-electrons. (C.B.S.E. 2001 S) photoelectric effect. (Karnataka, 1992 S) 
5. State the dependence of work function on the kinetic 11. What is photoelectric cell ? Explain any one of the 
energy of electrons emitted in a photo cell. If the intensity photoelectric cells. (Karnataka, 1993 S) 
of incident light is doubled, what changes occur in the 12. Whatis photoelectric cell? How does it work? Give its 


practical uses. 


~ Ms) Carrying 5 Marks 
1. Discuss suitable experiments to study the laws of photo- (a) variation of photoelectron current with the intensity of 
electric emission. (PS.S.C.E. 2002, 2000, 1999, 1997 S) incident radiation, 
2. Whatis photoelectric effect ? Explain the effect of increase (b) variation of photoelectron current with accelerating and 
of (i) frequency (ii) intensity of the incident radiation on retarding potential, and 
photoelectrons emitted by a photo-tube. (C.B.S.E. 1994) (c) variation of stopping potential with frequency of the 
3. Establish Einstein photoelectric equation. Use this incident radiation. 
equation to explain the laws of photoelectric emission. From the graph, explain how the following can be deter- 
iS SCE. 1992; P'S.S.C.E..1991) mined : 
4. Discuss laws of photoelectric emission. How can these be (d) Planck’s constant, 
explained on the basis of Einstein’s photoelectric equation ? (e) the threshold frequency for the photosensitive material, 
(P.S.S.C.E. 1996) and 
5. Whatis photoelectric effect ? State its laws and derive these (f) the work function of the material. (LSIC-E. 1993) 
laws from Einstein’s photoelectric equation. 8. Write down Einstein’s photoelectric equation and explain 
(PS.S.C.E. 2000, 1999, 1998 S) it. With the help of a neat diagram, describe briefly the 
6. State the laws of photoelectric emission. Write Einstein’s construction and working of a photoemissive cell. Mention 
photoelectric equation. Explain in short these laws on the any four applications of photoelectric effect. 
basis of Einstein’s theory. (P.S.S.C.E. 1995) (Karnataka, 1994) 


7. Draw properly labelled graphs to show the following 
concerning photoelectric emission : 


-ED. NUMERICAL PROBLEMS. . 


For Practice 
whose work function is 3 eV. (PSS'CE: 2001) 
z [Ans. 4137-5 A] 


Type A.On 


Energy of photon 
1. Calculate the frequency associated with a photon of energy 


3.3 x 10-20 J (h=6-6 x 104J s) (C.B.S.E. 1990) 6. Calculate the threshold wavelength of photons, which can 
i thins 5 t 1083 Hz] emit photoelectrons from cesium. Given that work 
% function for cesium = 1:8 eV, h = 6-62 x 10 J s. 


2. Calculate the energy of a photon of green light of 


Ans. 68968 
wavelength 5500 A. Given, h = 6-62 x 10°” erg s. [ 968 Al 


7. Work function of a photosensitive metal is 1-875 eV. 


[Ans. 2-257 eV] c rk ; ; Beas 
ont aks 3 : alculate the wavelength of incident light, which will just 
30¢The were of a spectral line is 4000 A. Calculate its cause the emission of photoelectrons. [Ans. 6620 A] 
eh a So. o BY Ab: 34 8. The work function of sodium is 2:3 eV. Calculate the maxi- 
Given Co 22 ir DAs and i = 06 x 1p ; J os mum wavelength in nm (nanometre) for the light that will 

(H.S.S.C.E. 1992) [Ans. 7-5 x 10" Hz, 3-094 eV] cause photoelectrons to be emitted from sodium. 
4. Calculate the frequency of a photon, whose energy is (M.N.R. 1980) [Ans. 539-7 nm] 
7-5 eV. Given, 1 eV = 1-6 x 10719 J and h = 6-62 x ligt 9. A metal has a threshold wavelength of 6000 A. Calculate 
[Ans. 1-813 x 10! Hz] (i) threshold frequency (ii) work function of metal in eV. 
Type B. OnThreshold wavelength | Given, h = 662 x 10] s,¢=146 x 10°C. 

5. Calculate the longest wavelength of the incident radiation, (H.PS.S.C.E. 1999 ; P.S.S.C.E. 1988) 


which will eject photoelectrons from a metal surface, [Ans. (i) 5 x 10! Hz ; (ii) 2-07 eV] 


10. Calculate the work function in electron volt for indium aia 


11. 


meial, given that photoelectric threshold wavelength is 

6800 A. Take h = 6-62 x 10-27 erg s. [Ans. 1-825 eV] 

A metal sheet is given a negative charge of 11-2 nC 

(nanocoulomb). 

(a) How many photons of ultraviolet light is required to 

completely discharge the metal sheet ? 

(b) What is the minimum amount of energy that must be 

absorbed by metal to effect this discharge ? Threshold 

frequency of metal = 4-5 x 10!4 Hz, h = 6-6 x 104 J s. 
(P.S.S.C.E. 1993) [Ans. (a) 7 x 10" ; (b) 1-856 eV] 


Type C. On Einstein’s photoelectric equation 
12. 


13. 


14. 


15S 


16. 


17. 


18. 


19. 


20. 


aL. 


Light of wavelength 5000 A falls on a metal surface of work 

function 2-01 eV. Find the kinetic energy of photoelectrons. 

(P.S.S.C.E. 2001) [Ans. 0-4725 eV] 

Calculate the maximum kinetic energy of electrons emitted 

from a photosensitive surface of work function 3-2 eV, for 
the inciden' -adiation of wavelength 300 nm. 

(C.B.S.E. 2002) [Aas. 0-9375 eV] 

Light of wavelength 5000 A falls on a sensitive plate of 

work function 1-90 eV. Find the maximum kinetic energy 

of emitted photoelectrons in eV. Given, h = 6-62 x 104 


Js,c=3x108ms!.  (H.S.S.C.E. 1993) [Ans. 05825 eV] 
Calculate the kinetic energy of a photoelectron (in eV) 
emitted on shining light of wavelength 6-2 x 10m ona 
metal surface. The work function of the metal is 0-1 eV. 
(C.B.S.C.E. 1992) [Ans. 0-1 eV] 
What is the energy of emitted photoelectrons, if light of 
frequency 10!¢ Hz is incident on a sodium target ? Work 
function of sodium = 2:5 eV. (Pre-degree Kerala, 1992) 
[Ans. 38-875 eV] 
The threshold wavelength of photosensitive metal is 5000 
A. Find the kinetic energy of the photoelectrons emitted by 
it, when radiation of wavelength 4000 A is incident on it. 
Express it in eV. Given h = 6-625 x 10 J s,c =3 x 108m 
st,e=1-46x 10-%C. (Karnataka, 1989 S) 
[Ans. 0-621 eV] 
A sheet of silver is illuminated by monochromatic ultra- 
violet radiation of wavelength =1810 A. What is the 
maximum energy of the emitted electron ? Threshold 
wavelength of silver is 2640 A. [Ans. 2-156 eV] 
Light of wavelength 5500 A fails on a sensitive plate with 
work function 1-7 eV. Find (a) energy of photon, (b) energy 
of photoelectron and (c) stopping potential. 
(P.S.S.C.E. 2002) 
[Ans. (a) 2-257 eV, (b) 0-557 eV, (c) 0-557 V] 
Light of wavelength 5000 A falls on a sensitive plate with 
photoelectric work function equal to 1-90 eV. Find, (i) the 
energy of the photon in eV, (ii) the kinetic energy of the 
photoelectrons emitted and (iii) the stopping potential. 
[H.S.S.C.E. 1993] 
[Ans. (i) 2-483 eV ; (ii) 0-583 eV ; (iii) 0-583 V] 
The photoelectric work function of a certain surface is 
4 eV. What is the maximum velocity of the photoelectrons 
emitted by light of frequency 10! Hz incident on that 


Ad 


23. 


24. 


vase 


26. 


27. 


28. 


PAs), 


The work function of potassium is 2-3 eV. If the photo 
electrons are emitted with maximum velocity of 104 m s+ 
calculate the frequency of the incident radiation on the 
metal. Given that mass of electron, m = 9-1 x 10-3! ke ane 
and Planck’s constant, h = 6-62 x 104 J s. | 
[Ans. 1-243 x 10 Hz 
Work function of sodium is 2-35 eV. What is the maximun 
wavelength of light that will cause photoelectrons to be 
emitted from the metal ? What will be the maximur 
energy of the photoelectrons, if radiation of 1000 A falls or 
the metal surface (h = 6-625 x 104 J s). é 
(Karnataka, 1994 S) [Ans. 5286 A, 10-07 eV’ 
The energy of photoelectrons emitted from a photo: 
sensitive plate is 1-56 eV. If threshold wavelength is 250€ 
A, calculate the wavelength of incident light. Given, 
1eV = 16 x 10 ~'? erg and h = 6-62 x 10-27 erg Ss. 
[Ans. 1902 Al 
Find the frequency of light, which ejects electrons from a 
metal surface fully stopped by a retarding potential of 
3 V. The photoelectric effect begins in this metal at 
frequency of 6 x 10'4 s~!. Find the work function of this 
(H.P.S.S.C.E. 1996) 
[Ans. 13-25 x 10'4 s"!, 2.48 eV] 
If photoelectrons are to be emitted from a potassium sur- 
face with a speed of 6 x 10° ms~!, what frequency of radia- 
tion must be used ? Threshold frequency for potassium 
is 4-22 x 10!4 Hz,h = 6-6 x 104] sand m, = 9:1 x 1091 kg. 
(C.B.S.E. Sample Q. Paper) [Ans. 6-7 x 1014 Hz] 


metal. 


Light of wavelength 2000 A falls on an aluminium surface. 
In aluminium 4-2 eV are required to remove an electron. 
What is the kinetic energy in eV of (a) the fastest, (b) the 
slowest emitted photoelectrons ? What is (c) the stopping 
potential (d) cut off wavelength for aluminium ? Planck’s 
constant, h = 6-6 x 10° J s,c=3x 108ms-, 
(M.N.R. 1986) 
[Ans. (4) 1.9875 eV ; (b) 0; (c) 1.9875 V ; (d) 2946 A] 
When light of wavelength 250 nm is incident on the 
cathode of a photocell, the stopping potential recorded is 
4 V. If the wavelength of the incident light is increased to 
300 nm, calculate the new stopping potential. 
(C.B.S.E. 2000) [Ans. 3-17 V] 
When a surface is irradiated with a light of wavelength 
4950 A,a photocurrent appears which vanishes, if a 
retarding potential greater than 0 -6 V is applied across the 
photo tube. When a different source of light is used, it is 
found that the critical retarding potential is changed to 
1-1 V. Find the work function of the emitting surface and 
the wavelength of second source. If the photoelectrons 
(after emission from the surface) are subjected to a 
magnetic field of 10 T, what changes will be observed in 
the above two retarding potentials ? (Roorkee, 1989) 
[Ans. 1-9 eV, 4129 A, No change] 


Sa 


Phe 


Ss 


10. 


11. 


12. 


13. 
14. 
a5: 


cs 


16. 


a3) # 


SOLUTIONS/HINTS TO NUME 

Ea Sater 
hee Kio 

he _ 6-62X10-’ x 3x 10° 
A 5500 x 10° 


=5x 104 Hz 17. 


E= 


=3-61x10 " erg 
_ 3-61x 107"? 
1:6%107°° 
c 3x 10° 
Lager a nas) 
e A 4000 x 10 
E=hv=66 x 10°! x 7-5 x 10!4 = 4-95 x 107! J 


= 2-257 eV 
18. 


=7-5 x 1014 Hz 19. 


E..7-5X1-6X10 - 
i eee =34 

h 6-62 10 
pret ipa 6-62x 10-4 x 3x10 
ids 3x1:6x10 


= 1-813 x 104 Hz 
20. 


21. 


= 4-1375x 10-7 m= 4137-5 A 
Proceed as in problem no. 5. 
Proceed as in problem no. 5. 

_ he _ 6:62X10-* x 3x 10° 
OB) -2-3x1-6x 10°? 


Ao 


=5-397 10’ m= 539-7 nm 


8 
x 
ee ers x 10" Hy 
Ag 6000 x 10 
Gi) w =h vp = 6-62 x 104 x 5 x 10!4 = 3-31 x 10°17J 


22. 


(i) V9 = 


he 6:62X10.7”x 3x10" 
6800 x 107° 


=2-92x 107 erg =~ 7 = 1825 eV 


11:2x10° 
(a) oe cae WP =7x 1010 


(b) w = h vq = 6-6x 10-4 x 45 x 10! = 2-97 x 1002] 


662x110 * x 3x10° 
~ 5000x1071? x 1-6x 10°” 
= 2.4825 x 2-01 = 0-4725 eV 
Proceed as in problem no. 12. 
Proceed as in problem no. 12. 
Proceed as in problem no. 12. 


1 " 6-62x 10-*4 x 10/6 
= MV ing =hv-o= mein tea oe 


2 
= 41-375 — 2:5 = 38-875 eV 


= 22 


25 


23. 


24. 


20s 


RICAL PROBLEMS FOR PRACTICE 2 


Bases pe WON se 
Die ol) AO Ag LIN GAG 


=6-625x 10? x 3x 10° 


1 1 
4 =10 
{ 4000 x 10 5000 x 10 
= 9-94 x 10-79 J = 0-621 eV 
Proceed as in problem no. 17. 
he 6:62x10*x3x10° 


—10 


(a) E=—= 
A 5500 x 101° 
3-61x10 ” 
=3°6tx 105.) gt OE ior eV 
1-6x10 
i! 2 he ee 
(b) 5M Ymax Be a7 = SRT ev 


(c) V) = Maximum K.E. (in eV) = 0-557 Vv 
Proceed as in problem no. 19. 


BI Dima = fy = 0 
= 6-625 x 10-34 x 1015 — 4 x 1-602 x 10-19 
~ 6-625 x 10-19 — 6-408 x 10719 = 0-217 x 10-!? J 


2x0-217x10°” 
“Umax = ce 


- pea 


=218x10°ms? 


1 
hy= a+ SM Vmax” 


1 
= 2-3 x 16x 10719 + 3% 9-1 x 10-3! x (104)? 
= 3.68 x 10-19 + 4-55 x 10-19 = 8-23 x 10717 J 
nies 8-23x10°” 
(ete (ts 
_ he _ 6+625x 10-4 x 3X 10" 


= 1-243 x 1015 Hz 


A 
Pe need 9-35 1-6x10 7 
= 5-286 x 10-7 m = 5286A 
1 2 he 
3! Umax rie os 
Bae pasx10. 3% 10) 25.3. 
1000x107 x1-6x10 7% 
= 12-42 — 2-35 = 10-07 eV 
Hep ht. lee 
Tate O0. aers 
‘ = 27, 10 
ig og See e186 1-6 x 105 
2500 x 10 
= 7.944 x 10-12 + 2-496 x 10-12 = 10-44 x 10°! erg 
a he _ 662x107” x 3x10" 
10:44x 107? 10: 44x 107? 
= 1.902 x 10° cm = 1902 A 
Vv, 
hv=hvo +e Vo or =v) +—* 
1 
1-6x10°19 x3 


or v=6x10 4 + 34 
6:62xX 10 


=6x10!4 +7-25x 10!4 = 13-25 x 1044 st 


26. 


240 


28. 


_ 3-97x10-” 
1-6x19? 


= 2-48 eV 


hv=hvo + 5m max? 


or v=V +315 
ny 


= 4-22x10!4 


teh | bx 9-1x 1057 x (6105? | 
6-6x10- 4 | 2 


= 4-22 x 1014 + 2.48 x 10!4 = 6-7 x 1014 Hz 


(a) 5 gee? = Eo 


A 
_ 6-6x10 4 x3x10° 
~ 2000 x 190-2 
= 9-9 x 10-9 — 6-72 x 10-9 = 3-18 x 10-19 J 
_ 3-18x 10-9 
~ 1-6x 10-9 


(b) Slowest electrons emitted will have zero kinetic energy. 
(c) Vy = Maximum K_E. (in eV) = 1-9875 V 


he _6-6x10 *x3x10° 


—~4-2x1-6x10°!9 


= 1-9875 eV 


(a) Ag = = 
AEP 4-2x1-6x10 9 
= 2-946 x 10-7 m = 2946 A 
he ay ie 
T= o+eNg or o~ 7S eee 
; —34 8 
2 62x10 “*x 3x10 ~1-6xX10719 x4 


250x107? 
= 7-944 x 10-9 — 6-4 x 10-19 = 1.544 x 10719] 


_ 6-62x10 4 x 3x 10°: 
sania 6 sy 

= 6-62 x 10-1? — 1.544 x 10- = 5.076 x 10-19 J 
_5-076x107"? _ 5-076x 107! 
i e ~ 1-6x10-29 


—1-544x 10719 


or Vo’ =3-17V 


29. Now, vem teV 


h 
or o= ei —eVp 
—34 8 
s xX3&X 
SEKI PERRIN weg COG 
4950 x 10 
= 4-01 x 10-19 — 0-96 x 10-19 = 3.05 x 10-19 J 
3-05x 1079 
a ev 
1-6x 10 
Let 2’ be wavelength of second source. Then, 
vem wte\ =3-05x 107 +1-6x 10-9 x 1-1 
= 3-05 x 10° + 1-76 x 10-19 = 4.81 x 10-19 J 
ol he 
4-81x 10°! 
—34 8 
*62 X 
pe EN ee 441090810 
4-81x 10 
= 4129 A 
There is no effect of magnetic field on photoelect 
emission. 


M2 01. DE-BROGLIE WAVES (Maiter serra I 
Radiation behaves both as wave and particle. In 1924, Loius de-Broglie put 


rward.a bold hypothesis that matter should also possess dual nature. 

The following observations led him to the duality hypothesis for matter : 

1. The whole energy in this universe is in the form of matter and electromagnetic 
diation. 

2. The nature loves symmetry. As the radiation has got dual nature, matter should also 
ssess dual nature. 

Thus, according to de-Broglie, a wave is associated with every moving particle. 
hese waves are called de-Broglie waves or matter waves. é 

According the quantum theory of radiation, energy of a photon is given by 

E=hy ...(2.01) 
Further, the energy of a relativistic particle is given by 


Be m2 c> +p” c? 


Since photon is a particle of zero rest mass, setting 7m = 0 in the above equation, 
re have 


pe ...(2.02) 
From equations (2.01) and (2.02), we have 
pce=hv 
eh yen y, 
or a G-c=9.A) 
cred 
h 
or vp rT 
Therefore, the wavelength of the photon is given by 
oe (2.03) 
P 


de-Broglie asserted that the equation (2.03) is completely a general formula and 
pplies to photons as well as other moving particles. The momentum of a particle 
f mass m moving with velocity v is m v. Hence, de-Broglie wavelength is given by 


bh alts (2.04) 
mv 
This is called de-Broglie relation. It connects the momentum, which is 
haracteristic of the particle, with the wavelength, which is characteristic of the wave. From 
his equation, the following conclusions can be drawn : 
(i) Lighter the particle, greater is its de-Broglie wavelength. 
(ii) The faster the particle moves, the smaller is its de-Broglie <vavelength. 


(iii) The de-Broglie wavelength of a particle is independent of the charge or nature of _ 


the particle. 
(iv) The matter waves are not electromagnetic in nature. The electromagnetic waves 
are produced only by charged particles. 

The calculations show that the velocity of de-Broglie waves associated with a 
moving particle is greater than the velocity with which the particle moves. Therefore, 
+ was difficult to conceive as to how the de-Broglie waves are associated witha 
particle. If a large number of waves of frequencies differing by very small amounts 
are superimposed, a wave packet is formed. The velocity of the wave packet is found 
to be the same as that of the particle. Therefore, a plausible solution to the problem 
is that a moving particle is associated with a wave packet [Fig. 2.01], rather than a 
wave. 


813 


‘A photon has zero rest mass but a 


equ E /c? and momen to 


de-Broglie waves are matter waves 


CHAPTER 7 


Z 


Key point | ee 


photon of energy E possesses a mass 


Key point 


ves altoget erent f 


nature, it 


Fig. 2.01 


If the velocity of the particle is comparable to the velocity of light, 
of the particle is given by 


Mo 
m = 
yi- vw? /c? 

Substituting for the mass m oi the particle in equation (2.04), the de-Broglie ; 
wavelength of the particle, when moving with velocity comparable to velocity of ; 
light, is given by ‘ 

Lege 2 
st ee CE ..(2.05) 
My UV 


Ml .02. DE-BROGLIE WAVELENGTH OF ELECTRON 
Consider that an electron of mass m and charge e is accelerated through a 
potential difference V. If E is the energy acquired by the particle, then 


E=eV 
If uv is the velocity of electron, then 
E= a mv" 
2 


or C=) — 
ub A particle can behave both as a particl 


Now, de-Broglie wavelength of electron is given by 


h } and wave but in a given situation, i 
ype behaves either as a particle or as a wave 
mv m,j2E/m 
h 


or A 


.-.(2.06) 
V2mE 
Substituting the value of E, we get Key point by 
h 


4 oO ...(2.07) As the accelerating voltage is increased 
2meV de-Broglie wavelength of electroi 
Setting m = 9-1 x 107! kg ; e = 1-6 x 10-19 C and ht = 6-62 x 10-4 J s, we get decreases, 
Pee So 107! rn 
JV 
12-27 ; 
or pagers (2.08) Watch out ! 
For example, the de-Broglie wavelength of electrons, when accelerated through Don’t try to work out the momentum of : 
a potential difference of 100 volt, will be high speed particle and hence its de 
12-27 ‘ Broglie wavelength using its rest mass 
Hen. 1-227A Mass increases significantly as the speec 
Thus, the wavelength of de-Broglie waves associated with 100 eV electrons is fae partigle approaches We.spees a 


of the order of the wavelength of X-rays, but the two are quite different from each 
other in nature. 


M2 03. EXPERIMENTAL DEMONSTRATION OF WAVE NATURE OF 
ELECTRON 

The wave nature of the material particles as predicted by de-Broglie was 
confirmed by Davisson and Germer (1927) in United States and by G.P. Thomson 
(1928) in Scotland. To demonstrate the wave nature of electrons, Davisson and 
Germer experiment is as discussed below : 

Davisson and Germer experiment. Experimental arrangement used by | 
Davisson and Germer is as shown in Fig. 2.02. Electrons from hot tungsten cathode _ 
(C) are accelerated by a potential difference V between the cathode and anode (A). _ 
A narrow hole in the anode renders the electrons into a fine beam of electrons and — 
allows it to strike the nickel crystal. The electrons are scattered in all directions by © 
the atoms in the crystal. The intensity of the electron beam scattered in a given | 
direction is found by the use of a detector. By rotating the detector about an axis 
through the point O, the intensity of the scattered beam can be measured for different 
values ofp , the angle between incident and the scattered direction of electron beam. — 
The graph is plotted between angle ¢ and the intensity of scattered electron beam. — 


MEP FR ¥ 
= | ELECTRON 
= GUN ; 
“A 7 iC | - | 


A ca | 
DETECTOR 
N 


Sapeae mae he ess 


ch graphs are plotted at different accelerating voltages. In each graph, the intensity 
electron beam ina given direction is proportional to the distance of the curve from 
e point O (the point of scattering) in that direction. The experimental curves 


tained by Davisson and Germer were as shown in Fig. 2.03. 
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From these experimental curves, following inferences can be drawn : 
(i) Intensity of scattered electrons depends upon the angle of scattering ¢. 
(ii) Always a bump’ or a kink occurs in the curve at ¢ = 50°, the angle which 
the scattered beam makes with the incident beam. 
(iii) The size of the bump goes on increasing as the accelerating voltage is 
increased. 
(iv) The size of the bump becomes maximum, when accelerating voltage is 
54 volt. 
(v) The size of the bump starts decreasing with further increase in accelerating 
voltage. 

However, according to classical physics, there should be very little variation 
n the intensity of electron beam with the angle of scattering and the accelerating 
‘oltages. 

Explanation. The selective reflection of the 54 volt electrons at an angle of 
(0°between incident and scattered beam can be termed as the diffraction of electrons 
rom the regularly spaced electrons of nickel crystal by virtue of their wave nature. 

From Fig. 2.02, it follows that 


1 
= (180% 
0 == (180-9) 


For @=50°,0= 4 180° —50°)= > x 130° = 65° 


According to Bragg’s law, for first order diffraction maximum (n = 1), we have 
2dsin@=1xA 

For nickel crystal, the distance between atomic planes, d = 0-91 A 

Therefore, A=2 x 0-91 x sin 65° = 1-66 A 

Now, wave nature of electron and hence de-Broglie hypothesis will be 
confirmed, if de-Broglie wavelength of electrons when accelerated through 54V 
comes out to be just 1-66 A. 

Putting V = 54 volt in equation (2.08), we get 


12 27 ° 
A =——= =1-65A 
V54 


As the two results are in remarkable agreement, the experiment establishes the 
wave nature of an electron in particular and of a particle in general. 
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Type A. On de-Broglie wavelength of a particle 


Since phenomenon of diffraction is 
exhibited by waves, electrons must be 
behaving as waves in Davisson and 
Germer experiment. 
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~-SOLVED NUMERICAL QUESTIONS 


6-62.@10" 4 ’ 
—=7-27 x10? m 


problem 2.01. Calculate the de-Broglie wavelength for Xe 
electron and proton, if their speed is 105 ms-1. Given, mass of 
an electron = 9-1 x 10-31 kg, mass of proton = 1-67 x 10-27 kg 


and Planck’s constant = 6-62 x 10-34 J s. Here, m,, = 1-67 x 10M ke 8 — 10° ms~ 
h 


My VU 


Sol. Here, h = 6-62 x 10-4J s 
de-Broglie wavelength of electron: gad tam 


Here, m,=9-1x 103! kg ; v, =10°ms?! 


"Me Ve 91x10! x 10° 
de-Broglie wavelength of proton: 


1 


6-62x10 4 


Se oe eee is 8.96 K 10772 m 
ph Mb 6Zaql G1 lO 


816 ee ee ne oe 

Problem 2.02. Find the de-Broglie wavelength asso- 
ciated with an electron moving with a velocity 0-5c and rest 
mass = 9-1 x 1079! kg. 

Sol. Here, m, = 9-1 x 103! kg ; h = 6-62 x 104 Js; 

v=0-5ce or v/c=0-5 

Since electron is moving at a speed comparable to the 

velocity of light, 


nes h _hyl-v*/c? 


mv m, Uv 


_ 6-62x 104 1-0-5)? 


~ $9.1 107! x 1-5 x 108 


_ 6-62x 104 10-25 


~~ 9-1x1073! x 1-5 x 108 
=4.2x10-2m 


Problem 2.04. Obtain the de-Broglie wavelength 

associated with thermal neutrons at room temperature 

(27°C). Hence, explain why a fast neutron beam needs to be 

thermalized with the environment, before it can be used for 

neutron diffraction experiments. (Text Problem) 
Sol. Here, T = 27 + 273 =300K 


Energy of neutron at temperature T, E = x kT 


Taking k = 1-38 x 10° J molecule! K-!, we have 
B=5 x1-38x 10-7? x 300=6-21x 1072! J 
‘Now, A= 


J2mE 


Taking mass of deutron, m = 1-675 x 10-2” kg, we have 


pe 6-62x 10 _ 6-62x 104 
2x 1-675x 102” x6-21x10-2! 4-56x 104 
= 1-452 x 10°19 m 


Thus, thermal neutrons have wavelength of the order of 
interatomic spacing(~ 10-!°m)and therefore they are suitable 
for diffraction experiments. Fast neutrons will possess 
wavelength quite small as compared to interatomic spacing 
and are not suitable for ¢-ffraction experiments. Hence, for 
neutron diffraction experiments, fast neutron beam needs to 
be thermalized. 

_ Problem 2.05. Crystal diffraction experiments can be 
_ performed using X-rays or electrons accelerated 
through appropriate voltage. Which probe has greater 
energy, an X-ray photon or the electron ? (For quantitative 
comparison, take the wavelength of the probe equal to 1 A, 
which is of order of interatomic spacing in the lattice). 
Given, m, = 9-11 x 10731 kg. (Text Problem) 

Sol. For X-ray photon of wavelength of 1A: 

A=1A=10%m 


he 6-62x10-* x3x 108 


E-— Fat =1-986 x10 J 
"4.986 x 1075 | 
BR Seka) Re eerie e Be 


16x10” 
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electron : 
Problem 2.03. Calculate the de-Broglie wavelengt 
of an electron of energy 400 eV. Given, Planck’s cons 
tant = 6-6 x 10-°4J s, mass of electron = 9-1 x 10-31 kg 
LeV = 16 ~40-) J (H.P.S.S.C.E..2000,; I.8.C.E. 199% 
Sol. Here, h = 6-6 x 104J s;m=9-1 x 10%!kg; 
leV=16x1019J 
E = 400 eV = 400 x 1-6 x 10°19 = 6-4 x 10-17] 
If A is de-Broglie wavelength of electron, then 


gavohan Deg 66x10 % 
Vv2mE /2x9-1x10-3! x6-4x 1077 
iA 1074 
Recoeereremmineed.as Wilda 
10-8 x 107 : 
=0-61A 


For electron of wavelength 1 A: 
A=1A=10%m 
h 
Now | ‘A=— 
mv 
_h 662x104 
Energy of electron, 


or mv =6-62x 10-74 kgms_! 


2 
pub, peut) 
2 2m 


_ (6-62x 10-74)? 
2x 9-11x 1079! 
_ 2-405x 107!” 


1-6x10- 
It follows that X-ray photon has greater energy. 
GPPrbien 2.06. Obtain the de-Broglie wavelength of a 
neutron of kinetic energy 150 eV. As said in concep- 
tual problem 2.05, an electron beam of this energy is suitable 
for crystal diffraction experiments. Would a neutron beam 
of the same energy be equally suitable ? Explain. Given, m, 
= 1-675 x 10-27 kg. = (Text Problem) 
Sol. Here, m,, = 1-675 x 10-*” kg; 
E = 150 eV = 150 x 1-6 x 10-19 
=2-4x 10717] 


Now, As h = 2 


mv J2mE 


Therefore, de-Broglie wavelength of neutron is given by 
6-62x 104 6-62x 10> 


ah ee ea | ee ee ee ee 
¥2x1-675x 10” x2-4x10717 2-835 10° 


= 2:335 x 10712 m 
Since the interatomic spacing(~ 10-! m) is about 100 
times greater than the de-Broglie wave length of 150 eV neu- 
trons, they are not suitable for crystal diffraction experiments. 
e Problem 2.07. An electron microscope uses electrons 
accelerated by a voltage of 50 kV. Determine the de- 
Broglie wavelength associated with the electrons. If other 


=2-405x107!7 J 


= 150-5eV 


i 


ot cal aperture, etc.) are taken to be 
ughly the same, how does the resolving power of an 
.ctron microscope compare with that of an optical micro- 
ype which uses yellow light ? (Text Problem) 
Sol. Here, V=50 kV 
Therefore, energy of electrons 

E =50 keV = 50 x 10° x 1-6 x 10°? 

=8-0 x 10° SF 


ee h 


Now, 


Jj2mE 


Q. 2.01. Is photon a wave or a particle ? 

Ans. Photon is a particle. It possesses wave nature also. 

Q. 2.02. What is the momentum of a photon of 
equency v? (H.P.S.S.C.E. 1996) 

Ans. Momentum of photon of frequency v, p= lis 

c 

Q. 2.03. Write down the relation between the energy 

nd the momentum of a photon. (I.S.C.E. 1993) 


Ans. Rest mass of a photon is zero. 

Q. 2.05. What led to the discovery of matter waves 2 

Ans. de-Broglie’s concept of ‘nature loves symmetry’ led 
9 the discovery of matter waves. 

O. 2.06. Is there any difference between light waves 
nd matter waves ? 

Ans. Light waves are electromagnetic waves, whereas 
natter waves are not. Matter waves are associated with a 
noving particle. 

Q. 2.07. Are matter waves electromagnetic? Write de- 
sroglie wave equation. (H.S.5.C.E.1992) 

Ans. No, matter waves are not electromagnetic in 
vature. 


de-Broglie relation : A = ak 
m 


from electron 


v 
Q. 2.08. What information is derived 
(ESIC E1992) 


diffraction experiments ? 


Q. 2.01. What do you understand by the phrase ‘dual 
nature of radiation’ ? (C.B.S.E. 1982, 1981) 
Ans. The phenomena such as interference, diffraction 
and polarisation can orly be explained on the basis of wave 
nature of the radiation. On the other hand, the phenomena 
such as photoelectric effect and Compton effect can be 
explained by considering particle nature of radiation. 
It was, therefore, concluded that the radiation has dual 
nature. 5 
Q. 2.02. Derive de-Broglie’s “save equation for material 


particles. (H.P.S.S.C.E. 1993) 
Ans. Refer to section 2.01. 
Q. 2.03. Find the momentum of an X-ray photon of 


wavelength A. 5 desl fied ope be Fs 


EQUENTLY “SKED VERY SHORT ANS 


Pee Ae ak als ae aa 304 


g m “ 9-1 x 1031 kg, we have 
6-62x 10 _ 6-62x10* 


{2x9:1x107! x 8:0x1072° 1-207 x 10-2 


= 5-485 x 10m 
The resolving power of a microscope is inversely 
proportional to the wavelength of the radiation used. Since 
wavelength of the yellow light is 5990A i.e. 5-99 x 10” m, it 
follows that the electron microscope will possess resolving 
power 10° times as large as that of the optical microscope. 


pe 


Answers/ 


Ans. A particle possesses wave nature also. 

Q. 2.09. What is de-Broglie wavelength of a3 kg object 
moving with a speed of 2 m Brit (CB:S.£2 1992) 

Ans. de-Broglie wavelength, 

h _ 6-62x10 
mv 3x2 
=11x 104m 

Q. 2.10. Calculate the momentum of electrons ; if 
their wavelength is 2 A. Given that Planck’s constant, 
h = 6-626 x 10-34 J s ; mass of electron, m = 9-1 x 101 kg . 

(H.P.S.S.C.E. 1998 S) 

Sol. Here, A= 2 A =2 x 1071 m; h = 6-626 x 104 J s; 

m=9-1x 107! kg 

Momentum of electron, 

_h _ 6-626x 10 
AN Oia S10 
= 3-313 x 1074 kg ms 

Q. 2.11. A photon and an electron have the same 
wavelength. Which particle is moving faster ? 

Ans. A photon travels with velocity of light, whereas 
velocity of electron is always less than that of light. 

Q. 2.12. On what principle is electron microscope 
based ? 

Ans. An electron microscope is based on the fact that 
the electrons can behave as waves of extremely small wave- 
length when accelerated through a potential difference of 
about 50 kV. 


= 


REQUENTLY“SKED SHORT ANSWER SUESTIONS 


With Answers 


Ans. Refer to section 2.01. 

Q. 2.04. The de-Broglie wavelength of a particle of 
kinetic energy K isd. What would be the wavelength of the 
particle, if its kinetic energy were K /4? (1.S.C.E. 1993) 

Ans. If J is the de-Broglie wavelength of the particle of 
kinetic energy K, then 


ye 
/2mK 
Suppose that the de-Broglie wavelength of the particle 
becomes A’, when its kinetic energy is K/4. 


ne D ancy (ney be | 
j2mK/4 | {2mK mn 


Then, j, Wis 


818 


Q. 2.05. For a given kinetic energy, which of the follo- 
wing has the smallest de-Broglie wavelength : electron, 
proton or a@-particle ? (Text Question) 

Ans. Let m,, m, mz be masses and 1, V2, U3be velo- 
cities for electron, proton and a-particle respectively. As the 
three particles are of same kinetic energy, it follows that 

1 


pisitt Bad 1 
— My, V4~ == Mp Vo” =— M3 V2* = E (Say) 
7m het > 2 V2 5 13 03 Yi, 
Mm, Vy =,/2my, EB; M7 Vo = 2 My E 
and = m3 v3 =,/2m3 E 


Obviously, m, vy < m2 v2 <m3 V3 
h 
Since de-Broglie wavelength, A= ite it follows that 


de-Broglie wave will be the smallest for a-particle. 

Q. 2.06. A particle of mass M at rest decays into two 
particles of masses m, and m, having non zero velocities. 
What is the ratio of the de-Broglie waveleagths of the two 
particles ? (LIT. 1999) 

Ans. Suppose that the particle of mass M (at rest) decays 
into two particles of masses m, and My, Which start moving 
with velocities v; and v2 respectively. Then, according to the 
principle of conservation of momentum, 

My Vy +M7 V2 =M XO Or my Vy =— Mp7 Vo 


or lmy vz l=lmp v2 | 
Now, de-Broglie wavelength of a particle, 
h 
A= 
mv 


Since |m, v1 |=|mp v2 1, the two particles will have 
equal de-Broglie wavelengths i.e. 
May 
A» 
Q. 2.07. A photon and electron have got the same de- 
Broglie wavelength. Which has greater total energy ? 
Explain. (H-P.S.S; G.E1998) 
Or 
An electron is having the de-Broglie wavelength same 
as the wavelength of a phofen. Prove that energy of electron 
is greater than that of photon. CAsP.o- SiC Eh 095) 
Ans. Let A be the common wavelength of electron and 
photon. If mand vare mass and velocity of the electron, then 


h 
de-Broglie wavelength of electron, A = —— 


mv 
Energy of electron (mass m), E,=m c2 
Energy of the photon [ wavelength, A *) i 
mv 
h 
A h 
or Ey =mvc 
since c>v,E; >E> 


Se td 


Gho. 2.01. Is the de-Broglie wavelength of a photon of zn 
electromagnetic radiation equal to the wavelength of 
the radiation ? (Text Problem) 

Ans. Yes, wavelength of a photon and de-Broglie 
wavelength of a photon are equal. 


iaor ieee eh eae as Me RN aU hint id a 


Q. 2.08. The de-Broglie wavelength of a photon is sar 
as the wavelength of an electron. Show that the K.E. 
photon is 2 Am c/h times the K.E. of the electron, where 
is the mass of electron and c is the velocity of light. 

Ans. If the photon and an electron having mass m an 
moving with velocity v possess the same de-brogli 
wavelength A, then as obtained in SAQ 2.07, 


h 
the energy of photon, =f emuc 


and the energy of electron = m c? 

The rest mass energy of photon is zero. Therefore, energ, 
of photon refers to kinetic energy of photon. However, th 
energy of the electroni.e. mc? is the sum of its rest mass energ’ 


(m, c*) and kinetic energy | m v? | If E, andE, are kineti 


energies of photon and electron, then 
Eventi . 2¢ 


Tt 
E> mv? Vv 


h 
Now, de-Broglie wavlength, 4 = ei 


h 

r 2s 

fe ma 

Substituting for vin the above equation, we have 
bse 2e/ h _2Amc 
E> ma h 


Q. 2.09. An electron and a proton have the same de 
Broglie wavelength. Which one of these has higher kineti 
energy ? (I.S.C.E. 1994 

Or 

A proton and an electron have same de-Brogli 
wavelength. Which of them moves fast and whicl 
possesses more kinetic energy ? Justify your answer. 

(C.B.S.E. Sample Q. Paper 

Ans. Refer to SAQs 2.07 and 2.08. Photon has highe: 
kinetic energy. 

Q. 2.10. Why is the wave nature of matter not apparen 
in our daily observations ? 

Ans. The value of de-Broglie wavelength associated with 
a moving particle is given by 

ees 
mv 

Consider a ball of 0-5 kg moving with a velocity of 
10ms. It is an object from our daily observations. The 
de-Broglie wavelength of the ball will be 


eal Pap ll 
0-5x 10 


The value of A is very small as compared to the size a 
ball of 0-5 kg would possess. Hence, wave nature of matter 
‘s not apparent in our daily observations. 


=1-325x 107% m 
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Q. 2.02. Prove that de-Broglie hypothesis of matter 
waves is in agreement with Bohr’s theory. 
Ans. According to Bohr’s theory, angular momentum of an 


electron ina stationary orbit is equal to integral multiple of mie Le 
1 


20 
This quantisation principle applies to particle nature of 
the electron. If electron behaves as a wave, then stationary 
orbit may be interpreted as the one, whose circumference 
contains integral multiple of de-Broglie wavelengths of 
electron. Therefore, if Ais de-Broglie wavelength of electron, 
then 


2ar=na 0) 
Dividing equation (7) by (ii), we get 

mur mh Voy h 

Dit . 2Rumdn nl to ae 


Hence, de-Broglie hypothesis is in agreement with 
Bohr’s theory. 

Q. 2.03. The extent of localisation of a particle is deter- 

mined roughly by its de-Broglie wave. If an electron 
is localized within the nucleus (of size about 10"! m) of an 
atom, what is its energy ? Compare this energy with the 
typical binding energies (of the order of a few MeV) ina 
nucleus and hence argue why electrons cannot reside in a 
nucleus. (Text Question) 

Ans. The de-broglie wavelength of electron, 

A= size of atom = 10-4 m 

Corresponding to this wavelength, the electron posse- 

sses energy, 


eer rr 


1. Describe de-Broglie concept of matter waves and obtain 
an expression for the momentum and wavelength of the 
particle. 

2. Derive an expression for the de-Broglie wavelength of an 
electron moving under a potential difference of V volt. 

(HIS.S.G.E. 1999) 

3. Show that the de-Broglie wavelength A of electrons of 


1. What led de-Broglie to think that matter might have wave 
properties ? How was his hypothesis experimentally 
verified ? 

2. Derive de-Broglie wavelength formula. How has the same 
been experimentally verified ? 


Type A. On de-Broglie wavelength of a particle 

1. Calculate the wavelength of matter waves associated 
with a particle of mass 0:5 g moving with a velocity of 

400 cm s. [Ans. 3-31 x 10-7? cm] 
2. Calculate the wavelength of de-Broglie wave associated 
with a ball of mass 1 kg travelling with a speed of 1 ms“! 
[Ans. 6:62 x 10-4 m] 
3. Calculate the de-Broglie wavelength of electron and 
proton, if their speed is 10° m s-!. Given mass of proton 
= 1-67 x 10-27 kg ; mass of electron = 9-1 x 10-3! kg and 
h= 6-62 x 104 J s. (H.P.S:S.C.E: 1999 S) 
[Ans. 7:27 x 10°? m,; 3:96 x 107? m] 
4, Is it possible to. observe de-Broglie wave associated with 


mvr=n— is EG) 


i 


he 6-62x10* x 3x108 
_ 198-6 x 10°? 


1-6x10°° 

If the electrons possess energy of the order of 124 MeV, 
they will not be able to stay inside the nucleus. It is because 
Coulomb’s force cannot provide such a high value of binding 
energy to the electrons. Hence, electrons cannot reside inside 
the nucleus. 

Q. 2.04. A fast neutron beam needs to be thermalized 

with the environment, before it can be used for 
neutron diffraction experiments. Why ? (Text Question) 

Ans. For diffraction experiment, the de-Broglie 
wavelength must be of the order of interatomic spacing i.e. 
1 A. An electron having energy 150 eV or so possesses de- 
Broglie wavelength of the order of 1 A but a neutron having 
the same energy possesses wavelength quite small as 
compared to the interatomic spacing. Hence, the neutron 
beam cannot be used as such for diffraction experiments. 

However, a neutron at room temperature, say 27°C, 
possesses wavelength of the order of interatomic spacing. 
Therefore, in order to study diffraction experiment with a 
neutron beam, it should be thermalized. 


E =1-986x107'! J 


= 124-1 MeV 


JESTIONS > 


ng 3 Marks 


energy E is given by the relation : 


A= h 
J2mE 
4. Explain de-Broglie concept of matter waves with the help 
of relevant expressions. Find the wavelength of an electron 
moving under a potential difference of V volt. 


(GB;S.E, 1993) 


Carrying 5 Marks 


3. Explain dual nature of radiation and matter and describe 
briefly Davisson and Germer experiment for qualitative 
verification of matter waves. 

4. Describe Davisson and Germer experiment to depict the 
wave nature of electron. (ELS-SACEs 1999 S) 


FREQUENTLY ASKED NUMERICAL PROBLEMS 


For Practice 


a material particle of 10 g moving with the velocity of 
light ? Planck’s constant is 6-6 x 10°77 ergs. [Ans. No] 
5. The de-Broglie wavelength of an electron is 2 A. Calculate 
its momentum. [Ans. 3-31 x 10-74 kg ms] 
6. Find the wavelength for a beam of neutrons, whose 
kinetic energy is 100 eV. Given that mass of neutron 

= 1-676 x 10-4 g and h = 6-62 x 10°” erg s. 
[Ans.0:0286 A] 
7. What wavelength is predicted for a beam of electrons, 
whose kinetic energy is 100 eV ? Given, h = 6-6 x 10} 's, 
(Pre-degree Kerala, 1992) [Ans. 1-223 A] 
8. Find the de-Broglie wavelength of a2 MeV proton. Given, 

mass of proton is 1-67 x 10°?” kg. 

[Ans. 2-025 x 10-4 m] 


10. 


electron 


Calculate de-Broglie wavelength of an electron beam 
accelerated through a potential difference of 60 V. 
(C.B.S.E. 1993) [Ans. 1.584 A] 
Calculate the wavelength of de-Broglie wave associated 
with a beam of electrons, which traverse a potential 
difference of 300 V. Assume the initial speed of electrons 
to be zero. [Ans. 0-708 A] 


12. 


to produce electrons of wavelength 0-4 A ? 
[Ans. 940-96 V] 
MISCELLANEOUS PROBLEMS . 
Find de-Broglie wavelength of neutron at 127°C. Given, 
Boltzmann’s constant k = 1-38 x 10773 J molecule! K"!, 
h = 6-625 x 10-4 J s, mass of neutron = 1-66 x 10-27 kg. 
- [Ans. 1.263 A] 


df dion (6 S241 4 

mv 0-5x 400 

= 3.31 x 10-7? cm 
Proceed as in problem no. 1. 
For electron : 


(Take h = 6-62 x 10-77 erg s) 


h 62x10 *4 
dovvlt vijnde e 5 = 7-27x10°m 
mv. 9-1x107°! x10 
For proton : 
} 6-62x 10-4 
A=——= 7 awe = 3-96 x 10-12 m 
mv Oe < 10 eo 


A material particle can not move with the velocity of light. 
Therefore, it is not possible to deserve de-Broglie 
wavelength associated with such a particle. 
h_ 6:62x10™ 
ee ex 10-24 ke meal 
PY 2x 107% ; 


h 


J2mE 


he 


- 6-62 10-7” 
21-676 x 1074 x 100 1-6x 1072 
= 2:86 x 10710 cm = 0-0286 A 


Take mass of electron as 9-1 x 10-3! kg and proceed as in 
problem no. 6. 
Proceed as in problem no. 6. 


4 J2meV 


A 6-62x 104 


2x 9-1x 1077! x 1-6x 107)? x 60 


= 1.584 x 1071? m= 1.584 A 
Proceed as in problem no. 9. 
Proceed as in problem no. 9. 
Energy of neutron at 127°C i.e. 400 K, 


B= 5 kT=5X1-38x 107? x 400 


=8-28x1077!J 
h 
J2mE 


Now, A= 


6-62x 10774 


2x 1:66 X 1072” x 8-28 x 10-2! 


= 1.263 x 10-19 m = 1-263 A 
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Chapter 1. Particle Nature of Radiation 


O Photon. It is a packet of energy. A photon of frequency v possesses energy hv. The rest mass of a photon is zero. 

CO Work function of a metal. The minimum energy, which must be supplied to the electron so that it can just come out of a metal 
surface, is called the work function of the metal. It is denoted by w. 

0 Photoelectric effect. The phenomenon of ejection of electrons from a metal surface, when light of sufficiently high frequency 
falls upon it, is known as photoelectric effect. 

The electrons so emitted are called photoelectrons. 

O Threshold frequency. The minimum frequency (v,) which the incident light must possess so as to eject photoelectrons from a 
metal surface, is called threshold frequency of the metal. 

Mathematically : Work function, @ = hv 

CO Laws of photoelectric effect. 1. Photoelectric emission takes place froma metal surface, when the frequency of incident 
light is above its threshold frequency. 

2. The photoelectric emission starts as soon as the light is incident on the metal surface. 

3. The maximum kinetic energy with which an electron is emitted from a metal surface is independent of the intensity 
of light and depends upon its frequency. 

4. The number of photoelectrons emitted is independent of the frequency of the incident light and depends only upon 
its intensity. 

O Cut off potential. It is that minimum value of negative potential (V,) , which should be applied to the anode in a photo cell so 
that the photoelectric current becomes zero. 


' 1 2 
Mathematically : eVo= 5 M Uinax + 


where Vjny iS the maximum velocity with which photoelectrons are emitted. 


0 Einstein’s photoelectric equation. When light of frequency ¥ is incident on a metal surface, whose work function is 


w (i.e. hv), then the maximum kinetic energy (5 m ae | of the emitted photoelectrons is given by 


1 
hv=hvo = SMV max. 
It is called Einstein’s photoelectric equation. It can explain all the laws of photoelectric emission. 
0 Photoelectric cell. A photo cell is an arrangement, which produces electric current, when light falls on its cathode. 


Some Useful Facts. 


1. Wave nature of light cannot explain the fact that the emission of photoelectrons takes place as soon as the light is incident 
on the metal surface. 
2. Photoelectric effect is one-one phenomenon i.e. one photon of light is capable of ejecting one electron only. 


Chapter 2. Wave Nature of Matter 


O de-Broglie hypothesis. Both radiation and matter have dual nature. 
A particle of momentum p is associated with de-Broglie wave of wavelength 


y Serine 
p mu 
The above relation is called de-Broglie relation and the wavelength of the wave associated is called de-Broglie wavelength 
of the particle. 
0 de-Broglie wavelength of electron. An electron of kinetic energy E possesses de-Broglie wavelength, 
A= f 
2mE 
If electron is accelerated through a potential difference V, so as to acquire kinetic energy E (=e V), then 
h 12-27 » 
(Se A 
2meV VV 


Some Useful Facts 


1. A moving particle is associated with a wave packet, rather than a wave. 


h 


{4=——= 
mov’ 
m refers to relativistic mass of the particle i.e. 
Mo 
m= 


\1—v? /c? 


Here, m, is the rest mass of the particle. 


Chapter 1. 


Problem 1.01. Find the number of photons emitted per 
second by a 25 W source of monochromatic light of 
wavelength 6000 A . (Roorkee, 1983) 

Sol. Here, A = 6000 A=6 x 107 m; 

power of source, P= 25 W =25Js!; 

Now, energy of a photon, 


_he _ 6-62x107*4 x 3x 10° 
A 6x10~” 
Therefore, number of photons emitted per second, 


+ eeaiahgde See 7.553 08108 
Euyaesioig *” 
Problem 1.02. Radiation of wavelength 180 nm ejects 
photo-electrons from a plate, when work function is 2-0 eV. 
If a uniform ee field of flux density 5-0 x 10 tesla 
(or weber metre~ is applied parallel to the plate, what 
should be the radius of the path followed by electrons 
ejected normally from the plate with maximum energy ? 
(Roorkee, 1988) 


=3-31x10 17J 


Sol. Here, 
w =2-0-eV =2-0 x 1-6 x 10°19 = 3-2 x 10°17 J; 
A = 180 nm = 180 x 1071? m 

Therefore, energy of incident photon, 


he 6-61x10~* x 3x 108 


hy=— = ——§{_|_|_ .—_= 11.03 x 10-19 
A 180 x 10~° ; 
The maximum kinetic energy of emitted electrons, 
omy? =hv—w=11:03x10-!? —3-2x 107? 


2 
= 7-83 x 10719 J 


ue [2x7-83x10°? _ |2x7-83x10- 
ne m 9-1x10- 7 


= 131 x 10°ms 
If r is radius of the path followed by the electron ejected 
with maximum energy, then 


2 
mv 
Be Ungy = 
E 
™ Vmax 
or = 
Be Fe Na 
Here,» B=5:0-x 10° T. ald scit wmuit neitsibas 
nar sebagai fat jhe oc iste 10007 [see pene 
iy 2isyst ida ¢= =Hef Fat = 049 im 
ont to sottonuit AoW 0.X,10°:x 156.x.10;,'”; ei seis mogeibyA 
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Particle Nature of Radiation 


NH 


Problem 1.03. A photon of wavelength 3310 A falls « 
a photocathode and an electron of energy 3 x 10719 J 
ejected. If the wavelength of the incident photon is changé 
to 5000 A, the energy of the ejected electron is 0-972 x 10-9 
Calculate the value of Planck’s constant and thresho. 
wavelength of the photocathode. Given, the velocity of lig 
=3:x 10° mis) (1.S.T. Dhanbad, 199 

Hint. From Einstein’s photoelectric equation : 

he he 1 5 


FM Vinax” 


Bale sage 
1 m 
For 4 =3310 A; 5m Ups 2 BLOT EI 


1 _ 
and for 4 = 5000 A, 5m V mare 0° 972K 107 4, 


Setting the above data in Einstein’s photoelectr 
equation, we obtain two equations in h and d,. From the 
equations, the values of h and A, can be obtained. 

It will be found that 

h = 6-62 x 10°4J s1; A, = 6620 A. 

Problem 1.04. A beam of ‘light has three wavelengtl 
4144 A , 4972 A and 6216 A with a total intensity « 
3-6 x 10 W m~ equally distributed among the thre 
wavelengths. The beam falls normally on an area 
1-0 cm? of a clean metallic surface of work function 2:3 e 
Assume that there is no loss of light by reflection and th 
each energetically capable photon ejects one electro: 
Calculate the number of photoelectrons liberated 


2 seconds. (LLT. 198: 
Sol. Here, work function of the metal, 
w =23eV=23x 16x 1019J 
ataie 
Now, ®= do, 
joy he _ 6-62x 10 TOKIO tao ee 


@y  -2+3x1-6x 107" 
= 5397 A 
The incident beam of light has wavelengths 
A, = 4144 A, A, = 4972 A and A, = 6216 A 
The wavelength, = 6216 A will not cause photoelectr 
emission, as A, >A, . 
Now, total intensity of incident radiation 
ne E 3:6, X10 Wm? 

Since. total intensity, is equally distributed among tl 


eta wavelengths, the Rialeies ofeach wavelengen in tl 


incident beam. of, ecu ‘2 


2roiosna tesbinms “OF wis 


Area of surface on which the beam of light falls, 
A =1-0 cm? = 104 m? 
Therefore, energy incident for each wavelength in 2 s, 
B=1xAxt=12x 10% x 104x2=107J 
Energy of a photon of wavelength 


he _ 6-62x 10 x 3x 10° 


= =4-79x 10°? 
~ 4144x107 19 
Energy of a photon of wavelength 
hex 662 x10 ~ %3X10° wa 
1, == =3-99x10-'” J 


Ay 4972 x 107 1° 


Since each emergetically capable photon ejects one 
sctron, total number of photons emitted in 2 s, 
my 5 E 

he/a, he/ay 
Bwe-4X10 iB) 26 xlp 

h-79x10°” 3-99x 10; ” 

=0-5 x 1012+ 0-6 x10! = 1-1 x 104 

Problem 1.05. When a beam of 10-6 eV photons 
f intensity 2 W m~ falls on a platinum surface of area 
4 m2 and work function 5-6 eV, 0-53% of the incident 
hotons eject photoelectrons. Find the number of 
hotoelectrons emitted per second and their minimum 
ad maximum energies (in eV). Take 1 eV = 16 x 10" J. 

(I.1.T. 2000) 


nN 


Sol. Here, energy of photon, 
E=10-6eV = 10-6x16x107!J 
= 1-696 x 10718 J 
Energy incident per unit area per second, 
E,,=2Wm~=2J st m2 
Area of the platinum surface, A = Tie hamne 
Therefore, energy incident on platinum surface per 
econd, 
Erot a Ein xA=2 x 10 J = 
Hence, number of photons incident on the whole 
Jatinum surface per second, 
sys Biot. 21-22% ‘ae 
E  1-696x10 
Since 0-53% of the incident photons eject photoelectrons, 
sumber of photoelectrons emitted from the platinum surface 
ver second, 
_Nx0:53__ 1:18 10" x 0:53 
Peep dOQe en: 100 
The minimum energy of photoelectrons emitted is zero. 
Also, the maximum energy of photoelectrons emitted, 
E. ay = © - work function of platinum 
= 106-56 =50eV 
Problem 1.06. Two metallic plates A and B, each of area 
; « 10-4 m2, are placed parallel to each other at a separation 
sf 1 cm. Plate B carries a positive charge of 33-7 x 10°C. A 
nonochromatic beam of light, with photons of energy 5 eV 
sach starts falling on plate A at f= 0'so that'10photons 
fall on it per square metre per second.’ Assume that one 
photoelectron is emitted for every 10° incident photons. 


=1-18x10!4 


= 6-254 x 102 


A 
collected by p 


hat all t 
late B and the work function of plate A 
remains constant at the value 2 eV. Determine 
(a) the number of photoelectrons emitted uptot = 10s. 
(b) the magnitude of the electric field between the 
plates A and B at t= 10s and 
(c) the kinetic energy of the most energetic 
photoelectrons emitted at t = 10 s, when it reaches plate B. 
Neglect the time taken by the photoelctrons to reach 
plate B. Take ¢, = 8-85 x 10712 C2? Nt m™. (L.1.T. 2002) 
Sol. Here, Area of each of the two plates, 
A=5x 104m? 
Separation between the two plates, d = 1 cm = 10 m 
(a) Number of photons falling on plateA per second per 
unit area, N = 101° 
Therefore, number of photons falling on plate Ain 10s, 
Niop = N x Ax £= 10! x 5 x 104 x 10 =5 x 10 
Since one photoelectron is emitted for every 10° incident 
photons, number of photoelectrons emitted in 10 s, 
hye 5x10" 
Os aes: armerar om 
ihe Pte 
(b) Charge on plate A after 10 s (i.e. after the emission 
of 5 x 107 photoelectrons), 
ga=+ne=5x 107 x 16x 10 =8 x 10°C 
Charge on plate B after 10 s (i.e. after collecting 5 x 107 
photoelectrons), 
gp = initial charge + (— n e) = 33-7 x 10-17 - 8 x hie 
=25-7x102C 
Therefore, excess charge on plate B (difference of charge 
on plates B and A), 
9 = 9p-4p, = 25:7 x 10-2 -8 x 10°? = 17-7 x 10 C 
Hence, electric field between the two plates, 


=5x 10’ 


PR eel v7 
2€) » 2&y 2epAv 2x8+85x1074 x 5x 10+ 
=2x10°NC1 
(c) Kinetic energy possessed by photoelectrons emitted 
from plate A, 


Umax” =5-2=3eV 
Energy gained by photoelectrons inside electric field 
between the two plates, 
W = Ve=(Ed)e (injoule) = Ed (in eV) 
=2x10?x 107 =20eV 
Hence, energy of photoelectrons on reaching plate B, 


1 
W'=W 45 Umax” = 20+3= 23 eV 


Problem 1.07. The peak emission from a black body at 
a certain temperature occurs at a wavelength of 9000 A.On 
increasing its temperature, the total radiation emitted is 
increased 81 times. At the initial temperature, when the 
peak radiation from the black body is incident on a metal 
surface, it does not cause any photoemission from the 
surface. After the increase of temperature, the peak 
radiation from the black body caused photoemission. To 
bring these photoelectrons to rest, a potential equivalent to 
the excitation energy between n = 2 to n = 3 Bohr levels of 
hydrogen atom is required. Find the work function of the 
metal. (Roorkee, 1993) 


per unit area is F'and temperature of the black body is T, when 
the wave length of maximum emission is 4,,, (= 9000 A x 107 
m). Then, 


E=o0T* ...(i) 
and Ain ee) 
or 9x10’ T=b ...(ii) 


Further, suppose that when the temperature of the black 
body is increased to T’, the total energy emitted per second 
per unit area becomes E’ = 81 E and the wavelength of 
maximum emission becomes 4,,,’. Then, 


E'=oT% 
or 81E=sT ... (iii) 
and ome =D ...(i0) 


Dividing equation (iii) by (i), we have 


Bi Bag 
Bit icugr ile 
or gis | ..() 


From equations (ii) and (iv), we have 
An fT! 39 wiOSAT 


or hy, =3* 10-7 m 


The energy of the radiation corresponding to the 
1 


wavelength of maximum emission 4,,,’, 
_ he _ 6:62x10-** x 3x 108 


ee - = 662 x 10°719J 
Az, ox LO" 
6-62 107? 
= Sp Se => 4 4 14 eV 
1:6x10 
K.E. of photoelectrons emitted, 
b mv =excitation energy between n = 2 


2. 
to n = 3 Bohr levels 


=13-6(3 7 eV =19-6x-2 =1-89eV 


22 viele 
According to Einstein’s photoelectric equation, 


act 1 
hv eka Ue 


Therefore, work function of metal surface, 


0 = WY =m Vp? = 4141-89 = 225 eV 


Chapter 2. Wave Nature of Matter 


Problem 2.01. In a photoelectric effect set up, a point 
source of light of power 3-2 x 10° W emits monoenergetic 
photons of energy 5-0 eV. The source is located at a distance 
of 0-8 m from the centre of a stationary metallic sphere of 
work function 3-0 eV and of radius 8-0 x 107°. The efficiency 
of photoelectron emission is one for every 10° incident 
photons. Assume that the sphere is isolated and initially 
neutral, and that photoelectrons are instantly swept away 
after emission. 

(a) Calculate the number of photoelectrons emitted per 
second. 

(b) Find the ratio of the wavelength of incident light 
to the de-Broglie wavelength of the fastest photoelectrons 
emitted. (I.I.T. 1995) 

Sol. (a) Here, power of the source of light 

= 3-2 x 103 W =3-2 x 10°J s7 

The source of light emits photons of energy in all 
directions. The light energy falling per second on the metallic 
sphere of radius r situated at a distance R from the source of 
light, 


mr 


B= 
40 R? 
Here, r= 8-0 x 10° mand R=08m 
_ x (8-0x10- 9)? 
4a x (0-8)* 

i eae ee 
1-6x10°” 
Since each photon of incident light has energy 5 eV, the 

number of photons striking the metal sphere, 


5x10!! 


x power of the source of light 


=3-2x10%=8x10°%Js1 


=5x10!. evs"! 


N= = 10"! s7? ys exo 

Further, as the efficiency of photoelectron-emission is one 
forevery 10° incident photons, the numberof photo-electrons 
emitted, 


(b) Now, work function of the metal sphere, w = 3-0 eV 
and energy of incident photon, =f =5-0eV 


Therefore, maximum kinetic energy of the emitted 
photoelectrons, 
1 9 "hc 
Emax = 2 M Umax = sy sith w=5:0-3:0=2:0eV 
= 2-0 x 1-6 x 10-19 = 3.2 x 10-19 J 
If A’ is de-Broglie wavelength of the fastest photoelect- 
ron, then 
si h 


2m Emax (i) 


The wavelength of incident photon of light is given by 


h e i 
= 5-0eV=5-0X1-6 10 1928-10719 J 
he 
or 4 =——___ .. (ii) 
8x107!? 


Dividing equation (ii) by (7), we have 


tx § he = tal Shen a €j2mE,o (iii) 
A’. 8x10-? h 8 dear wit 
Now, c=3x108ms!;m=9-1 x 103) kg 
and Enay = 32x 10-19 J 


Setting the values of c, m and E,,,,.. in equation (iii), we 


have ile 


We are ge Ais fi ‘ ap LP ; 719 
As itiB R401 % 2H 971K Wi 5 1% 312.X.40) 
avivey COM -19 
on iud, so9tgG msabouw Si) se aibst otad Fie 


to moiionunh avevy BrebOe ine! 63%: 105 Ftc 2 586 
8x107? 


i dgid A 
jong 


° 
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10. 


11. 


2s 


13. 


14. 


~ (A) work function 


Chapter 1. Particle Nature of Radiation 


Wavelength of the radiation of frequency 100 Hz is: 
(A) 2x 10®°m (B) 3x10°m 
(C) 4x 10°m (D) 5x 10°m 
The value of Planck's constant is 
(A) 663x1034Js! (B) 663x104kgms! 
(C) 663 x 10%4 kgm? (D) 6-63 x 104Js 

(C.B.S.E. 2002) 


(EBS Eel gg) 


The unit of Planck’s constant is 
(A) Nm (B) eV 
(Cc) Js? (D) Js 

(Karnataka Entrance, 1991) 
Planck's constant has the dimensions of 
(A) linear momentum (B) angular momentum 
(C) energy (D) power (C.B.S.E. 2001) 
The energy of a photon of light is 3 eV. Then the 
wavelength of photon must be : 
(A) 4125 nm (B) 412-5nm 
(C) 41250 nm (D) 4nm (C.B.S.E. 2000) 
A photon has velocity c and frequency v. Then, which of 
the following represents its wavelength ? 


ide ca 
(A) E a ‘ 
hy 
(C) pe (D) hy (C.B.S.E. 1996) 


The avelensth of photons is proportional to (where v is 
frequency) 


(A) (B) Jy 
(C) 1/Vv (D) 1/v (C.B.S.E. 1996) 
The energy of a photon of wavelength / is 
(A) hea (B) he/a 
(C) A/he (D) hA/c (C.B.S.E. 1992) 
Electron volt is a unit of 
(A) charge (B) momentum 


(C) potential difference (D) energy 

(Karnataka Entrance, 1988) 
Which of the following phenomena exhibits particle nature 
of light ? 
(A) Interference 
(C) Polarisation 


(B) Diffraction 
(D) Photoelectric effect 
(C.B.S.E. 2001) 
Photoelectrons are emitted, when 
(A) a zinc plate is heated. 
(B) a zinc plate is hammered. 
(C) a zinc plate is irradiated with ultra-violet light. 
(D) a zinc plate is subjected to very high pressure. 
(Karnataka Entrance, 1993, 1991, 1988) 
When ultra-violet radiation is incident on a surface, no 
photoelectrons are emitted. If a second beam causes 
photoelectrons to be ejected, it may consist of 
(A) radio waves (B) infra-red rays 
(C) visible light rays | (D) X-rays 
(C.B.S.E. 2002 ; Karnataka Entrance, 1992, 1990) 


_ Fhe minimum energy required to remove an electron is 


called 

(B) kinetic energy 

(C) stopping potential (D) potential energy 

wr ” (A.F.M.C. 1995) 
Light from a bulb falls on the wooden piece but no 
photoelectrons are einitted. It is because, work function of 
woodis — 


15. 


16. 


17. 


18. 


19% 


20. 


21. 


22. 


(A) much higher than the energy of photon. 

(B) less than the energy of photon. 

(C) equal to energy of photon. 

(D) none of these. (A.EM.C. 1997) 

As the intensity of incident light increases : 

(A) photoelectric current increases. 

(B) photoelectric current decreases. 

(C) kinetic energy of emitted photo-electrons increases. 

(D) kinetic energy of emitted photo-electrons decreases. 

(CoB ee 1990. Bi age 99O) 

Which of the following statements is correct ? 

(A) The photocurrent increases with increasing frequency. 

(B) The photocurrent is proportional to the applied voltage. 

(C) The photocurrent increases with intensity of light. 

(D) The stopping potential increases with intensity of 
incident light. (C.B.S.E. 1997) 

The threshold wavelength of sodium metal is 6780 A . The 

work function of metal will be 

(A) 1-83 eV (B) 2:75 eV 

(C) 2:95 eV (D) 3-25 eV (A.EM.C. 1998) 

The work function of a substance is 4:0 eV. The longest 

wavelength of light that causes photoelectron emission 

from this substance is approximately 

(A) 540 nm (B) 400 nm 

(C) 310 nm (D) 220 nm (LLT. 1998) 

The photoelectric work function for a metal surface is 4-125 

eV. The cut-off wavelength for this surface is : 


(A) 4125 A (B) 2062-5 A 
(C) 3000A (D) 6000 A (C.B.S.E. 1999) 


The strength of photoelectric current depends upon 
(A) frequency of incident radiation. 


‘(B) intensity of incident radiation. 


(C) angle of incident radiation. 
(D) distance between anode and cathode. (M.N.R. 1981) 
Consider light of given intensity and frequency falling on 
a substance that emits photoelectrons. The intensity is 
decreased to one-third its value and the frequency 
increased by three times. Consequently the velocity of the 
photoelectrons will 
(A) remain the same. 
(B) increase or decrease depending on the exact values of 
the new intensity and frequency. 

(C) decrease. (D) increase. 

(Karnataka Entrance, 1987) 
The kinetic energy (E,) of a photoelectron varies with the 
frequency (v) of the incident radiation as which of the 
following graphs ? 


E; E, 
Vero 
(A) 


(B) 


Vi-— 


2 
3| 


D) 
(C.B.S.E. 1996) 


24. 


PAY, 


26. 


Pf, 


28. 


2: 


30. 


Si, 


32; 


33. 


a photoelectric cell is c d, t th 
work function changes from w, to w, (w, > w,). If the 
currents before and after change are I, and I,, all other 


conditions unchanged, then (assuming h v > @,), 34. 
(A) L=1L (B) I, <I, 
(C) >I, (D) 1, <1,<21,. (CB.S.E. 1992) 


Photoelectrons are being obtained by irradiating zinc by 
a radiation of 3100 A . In order to increase the kinetic energy 


of ejected photoelectrons, 35. 


(A) the intensity of radiation should be increased. 

(B) the wavelength of radiation should be increased. 

(C) the wavelength of radiation should be decreased. 

(D) both wavelength and intensity of radiation should be 


increased. (M.N.R. 1980) 
Einstein’s photoelectric equation is expressed as 
1 2 1 > 36. 
(A) hve Ou, Hee (B) BUG Ro TigtY 
2 


1 
(C) (D) hy= mv? —wo 


(CoE Tea 993) 
Einstein's work on photoelectric effect gives support to : 


(A) E=mc? (B) E=hy 


1 
hv=o),+—mv 
2 


(C) 


Photoelectric work function of a metal is 1 eV. Light of 
wavelength d = 3000 A falls on it. The photoelectrons come 
out with velocity 
(A) 10ms 

(C) 104ms-! (D) 10°ms! — (C.B.S.E. 1990) 
Light of wavelength 5000 A falls ona photo-sensitive plate 
with photoelectric work function of 1-9 eV. The kinetic 
energy of the photoelectrons emitted will be 

(A) 0:58 eV (B) 2:48 eV 
(C) 1:24eV (D) 1-16 eV 
Light of two different frequencies, whose photons have 
energies 1 eV and 2-5 eV respectively successively 
illuminate a metal of work function 0-5 eV. The ratio of 
maximum speeds of the emitted electrons will be 

(A)" 125 
(CTA? (D) i:1 (C.P.M.T. 1983) 
The maximum kinetic energy of photoelectrons emitted 
from a surface, when photons of energy 6 eV fall on it, is 
4 eV. The stopping potential (in volt) is 

(A) 2 (B) 4 

(C) 6 (D) 10 CATAL 97) 
The maximum velocity of an electron ejected from a 
photoelectric emitter, when cadiation falls on the latter is 


hy=5 mv (D) E=h/A 


found to be 2 x 10°ms7!. Assuming the charge to mass ratio “le 
of electron (e/m) to be 1-8 x 1011 C kg", the stopping 
potential is (in volt) 
(A) 1-2 (B) 2-1 
(C) 11-1 (D) 16:3 

(Karnataka Entrance, 1987) 
When radiation is incident on a photoelectron emitter, the 
stopping potential is determined to be 9 volt . Assuming 42. 


the charge to mass ratio (e/m) for electron to be 1-8 x 1014 
coulomb kg~!, the maximum velocity of the ejected 
electron is found to be (in m s7) 13 
(A) 6x 10° (B) 8x 10° £) 
(C) 10x 10° (D) 1-8 x 10° HF dat <2) 
nai? Vo GOL gi Lanes yaron sto ACME BY Aue. d OR ay 
A photo-sensitive material would emit electrons, if excited 
by photons beyond a threshold. To cross the threshold, you 
would increase 


© frequency of light. 


(B) 102ms—! 38. 


(C.B.S.E. 1998) 3% 


(B)1:4 . 40. 


(M.N.R. 1983) 
Ultra-violet radiation of 6-2 eV falls on an aluminium 


(D) the voltage applied to light source. 


surface (work function 4-2 eV). The kinetic energy (in — 


joule) of the fastest electron emitted is approximately 
(A) 3-2 x 10771 (B) 3-2 x 10-1 

(C) 4x 10-17 (D) 3x 10-4 (M.N.R. 1987) 
When a light source is at a distance d from a photo- 
electric cell, the number of photoelectrons emitted from 
the cell is n. If the distance of light source and cell is 
reduced to half, then the number of photoelectrons 
emitted will become : 

(A) n/2 (B) 2n 

(C) 4n (D) n (C.B.S.E. 2001)° 
A photocell is illuminated by a small bright source placed 
1 m away. When the same source of light is placed 2m 
away, the electrons emitted by the photo cathode ; 

(A) each carry one quarter of their previous energy. 

(B) each carry one quarter of their previous momenta. 
(C) are half as numerous. 

(D) are one quarter as numerous. 


PART il. THOUGHT-BASED QUESTIONS 


(C.B.S.E. 2000) 37, 


The mass of a photon at rest is 
(A) zero (B) 1-67 x 10> kg 
(C) lam.u. (D) 9x 10%! kg 

(C.B.S.E. 1991 ; M.N.R. 1981) 
Which one of the following statements about photon is 
incorrect ? 
(A) Photon’s rest mass is zero. 
(B) Momentum of photon is h y/c. 
(C) Photon’s energy is h v. 
(D) Photons exert no pressure. (C.P.M.T. 1990) 
A radio transmitter operates at a frequency of 880 kHz and 
a power of 10 kW. The number of photons emitted per 
second is 
(A) 1-72 x 10°! (B) 13-27 x 1024 
(C) 13-27 x 10%4 (D) 13-27 x 10 (C.B.S.E. 1996) 
The minimum light intensity that can be perceived by the 
eye is about 10-19 W m~. The number of photons of 
wavelength 5-6 x 10-7 m that must enter the pupil of area 
10+ m? per second for vision is approximately. 
(Use h = 6-6 x 1074 J s) 
(A) 3 x 10? photons 
(C) 3x 10+ photons 


(B) 3x 10° photons 
(D) 3 x 10° photons. 

(N.C.E.R.T. 1982) 
The threshold wavelength for photoelectric emission from 
a material is 5200 A. Photoelectrons will be emitted, when 
this material is illuminated with monochromatic radiation 
froma 
(A) 50 W infra-red lamp. 
(B) 1 W infra-red lamp. 
(C) 50 W ultra-violet lamp. ’ 
(D) 1 W ultra-violet lamp. (L.I.T. 1984, 1982) 
Photoelectric effect supports the quantum nature of light, 
because alas 


(A) there is minimum frequency of light below which'no 


photoelectrons are emitted. host 
the maximum kinétié energy of photoelectrons depentis 
_only on the frequency of'light and not on interisity/A’ 
even when a thetalsurface is faintly illuminatéd, the 
1 OT biedtbelectrons leave the stitface imimediately. °> 917 
electric charge of the electrons is ‘qifantiséd. *"#9mbI 
(CHE MOL OOS, Pda Oe) 


(B) 


4 


n a photoemmisive c¢ 


1 a photoemmisive cell, with exciting wavelength 4, the 
astest electron has speed of v. If the exciting wavelength 


3A 
is changed to Te the speed of the fastest emitted electron 


will be 
(3) ae) 
(A) 4 (B) 3 


1/2 1/2 
(C) less than v 5] (D) greater than v (5) 


(C.B.S.E. 1998) 
When a monochromatic point source of light is at a distance 
of 0-2 m from a photoelectric cell, the cut off voltage and 
saturation current are respectively 0-6 V and 18-0 mA . If 
the same source is placed 0-6 m away from the photocell, 
then 
(A) the stopping potential will be 0-2 V. 
(B) the stopping potential will be 0-6 V. 
(C) the saturation current will be 2:0 mA. 


(D) the saturation current will be 6:0 mA. (LLT. 1992) 


46. 


47. 


If the distan e of 100 


a photo cell, 
the saturation current I in the photo cell varies with 
distance d as © 


(A) 1 d? (B) I«d 
1 1 
CC) (D) Tov (N.C.E.R.T. 1990) 


An image of the sun is formed by a lens of focal length 
50 cm ona photosensitive surface of a photoelectric cell 
and it produces a current I. The lens is then replaced by 
another lens of same diameter but of focal length 25 cm. 
The photoelectric current produced will be 

(A) 1/2 (B) 21 

(C) I (D) 41 

When a proton is accelerated (from rest) through a potential 
difference of one volt, the kinetic energy gained by it is 


Chapter 2. Wave Nature of Matter 
PART I. TEXT-BASED QUESTIONS 


If c is velocity of light, then momentum of a photon of 


frequency v is 


(A) hyv/c* (B) hv/c 
(C) v/c (D) hye 
A photon behaves as if it had a mass equal to 
(A) hve? (B) c*/hv 
(C) vct/h (D) hy/c? 


(Karnataka Entrance, 1993) 
The momentum of a photon of wavelength 5000 A will 


be 

(A) 13x 10-27 kg ms. 
(B) 13x 10% kgms. 
(C) 4x10?%kgmst. 
(D) 4x10 kgmst. 
The energy of a photon is 3 x 10-19 J. Its momentum is 
(A) 3x107kgms?  (B) 10°” kgms” 

(C) 9x10" kgms! (D) 108 kg ms“ 


The de-Broglie wave corresponding to a particle of mass 
m and velocity v has a wavelength associated with it 
h 
A as (B) hmv 
mh m 
(CMe Nk aa Fi (C.B.S.E. 1992) 
v 


The de-Broglie wavelength of an electron moving with a 


speed of 6-6 x 10° ms“? is nearly equal to 
(A) 107m (B) 10-°m 
(C) 107m (D) 10° m 


(A) 2:9 mm 
(C),,.0:5 nm 


(B) 3:0 mm 
(D) 1-47 nm 
Then maximum de-Broglie wavelength will be for 
(A); proton oe. (B) a-particle 
(@) ;neutron ||: _ (D) f-particle 


kinetic energy E.as:.) 9). \5 
(XBL TI eeY T.4.9) 


(A.F.M.C. 1998) 


(C.PM.T. 1993) 
The wavelength of an electron moving with a velocity of 
500 km s~1 is (take m, = 9 x 103!kg and h = 6-6 x 10-34 J s) 


(N.C.E.R.T. 1984) 


The following particles are moving with the same velocity. 


; (C.B.S.E. 2002) 
The de-Broglie, wavelength 1, of a particle is related to its 


10. 


11. 


12. 


13. 


14. 


15. 


roughly equal to 
(A) 1eV (B) 1837 eV 
V 
(C) 1837 ic (D) none of the above 
1 
(A) A«E (B) Ax E 
1 

Ax 

(CQ) A« VE (D) TE 


An electron accelerated through a potential difference of 
V volt has a wavelength associated with it. Mass of proton 
is nearly 2000 times that of an electron. In order to have the 
same / for proton, it must be accelerated through a 
potential difference (in volt) of 


(A) V (B) 2000 V 
V 
(C) 000 (D) 2000 V 


(N.C.E.R.T, 1975) 
An electron of mass m and charge e is accelerated from 
rest through a potential difference V in vacuum. Its final 
velocity will be 


eV eV 

(A) 2m (B) Roe 
eae (D) Jo (C.B.S.E. 1996) 

m m 


An electron of mass m, when accelerated through a 
potential difference V, has de-Broglie wavelength 4. The 
de-Broglie wavelength associated with a proton of mass M 
and accelerated through the same potential difference will 
be 


M m 
(A) a (B) A A 


M m 


res ‘ 
(C) os M (GBIS' E1995) 


An electron is accelerated through a potential difference 
of 150 V. The wavelength associated with it is : 

(A) 100A (B) 1A 

(C) 42A (D) 10A 

An electron is accelerated through a potential difference 
of 100,000 V. The energy acquired by the electron is 

(A) 0:53 x 10°!” J (B) 16x10 J 

(C) 16x 10719 J (D) 1:6 x 10% J 

Anelectron beam has a kinetic energy equal to 100 eV. Find 
the wavelength associated with the beam, if mass of 
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electron = 9-1 x 10731 


constant = 6-6 x 1034] s, de-Broglie wavelength is give ia (On spe ed o g 

(A) 122A (B) 63A h = Planck’s constant ; M = mass of proton ; q = charge 
(C) 246A (D) 0-:12A (C.B.S.E. 1996) proton) 

A photon and an electron have the same wavelength. Then, (A) hc/,j2ME (B) h/q JME 

the velocity of photon is 

(A) less than that of the electron. (CQ) h/J2ME (D) y2MEq/hce | 
(B) greater than that of the electron. (Karnataka Entrance, 198 
(C) equal to that of the electron. 24. A particle of mass M at rest decays into two particles 


(D) none of the above. 
If we consider electrons and photons of the same 


masses m, and m, having non-zero velocities. The ratio 
the de-Broglie wavelengths of the particles (, /A,) is 


wavelength, then they will have the same (A) m, /M (B) My /m, 
(A) energy (B) velocity coe aa eo ait. 
(C) momentum (D) angular momentum. ‘@ Yo yt / ym (LLT. 


(A.E.M.C, 1997) 25. Which of the following figures represent the variation 
ae heal particle momentum and the associated de-Brogl 


In X-ray diffraction experiment, distance between atomic 
wavelength ? 


lattice planes of diffraction grating is 2-8 x 10-19 m. Then 
the maximum wavelength of X-rays (in metre) is 


(A) 2:5 (B) 5-6 x 10710 t t 
(C) 4x 10-10 (D) 46x10? (C.B.S.E. 2001) 
One can study crystal structure by electron diffraction as P P 
well as by neutron diffraction. In order to have the same 
wavelength for the electron (mass m ,) and neutron (mass 4 oe je 
m,,), their velocities should be in the ratio (electron 
velocity/neutron velocity) (A) (B) 
(A) 1 (B) m,/m,, 
(C) m, My, (D) m,, | mM, 
The magnification produced in an electron microscope is f f 
of the order of 
(A) 10 (B) 10° P p 
(C) 10° (D) 107 
- Rms ; Aa 

The energy E and momentum p of a photon is given by (C) (D) 
E=hv and p=h/ jd. The velocity of photon will be (A.LLMS. 1987 
tA) E/P > (B) Ep 1/2 26. Anelectron microscope gives higher magnification than a 
(C) (E/p) (D) (E/p) optical microscope, because 

(C.PM.T, 1991 ; N.C.E.R.T. 1980) (A). the electrons have lesser wavelength as compared t 
Neglecting variation of mass with velocity, the wavelength light waves. 
associated with an electron having the kinetic energy E is (B) the velocity of electrons is smoother than that of light 
proportional to (C) the electrons have more energy than the light particles 
(A) E}/2 (B) E1/2 (D) more powerful lenses are used in the electro: 
(C) E (D) E? (N.C.E.R.T. 1980) microscope. (C.E.T. 1998 
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mag 1.01. RUTHERFORD’S ALPHA SCATTERING EXPERIMENT Quotable Quote 
Rutherford and his two associates, Geiger and Marsden, studied the scattering = « : sre 
>f the a-particles from a thin gold foil in order to investigate the structure of the We have me right aie Ablaleg that mis 
stom. An a-particle is a positively charged particle haying a mass equal to that of physical laws exist, or if they have existed 
helium atom and positive charge in magnitude equal to twice the charge onan Upto now, that they will continue to exist 
electron. They are found to be emitted by many radioactive elements. Thea-particle in a similar manner in the future.” 
scattering experiment provided very useful information about the structure of the — Max Planck 
atom. ei 
Experimental arrangement. The a-particles from “55 hilg (a radioactive source) 
contained in a lead cavity are collimated into a narrow beam with the help of a lead 
plate having a narrow slit as shown in Fig. 1.01. The narrow beam of a-particles then 
falls on a thin gold foil (about 2-1 x 10-7m thick). The a-particles scattered in 
different directions were detected with the help of ana-particle detector. The whole 
apparatus was arranged inside a vacuum chamber to prevent the scattering of 
a-particles from air molecules. 


Bes bots ZnS COATED 
ie ally c-PARTICLES-“" | CPAGTICLE 
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embluy dt o9 

Scam 
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CAVITY LEAD PLATE GOLD FOWL ~s._ | LIGHT FLASH 
WITH SLIT en 

a-PARTICLE 


Fig. 1.01 

Observations. 1. Most of the a-particles were found to pass through the gold foil 
without any appreciable deflection. 

2. The different a-particles, in passing through the gold foil, underwent different 
amounts of deflections. A large number of a-particles suffered fairly large deflections. 

3. A very small number of a-particles (about 1 in 8000) practically retraced their paths 
or suffered deflection of nearly 180°. 

4. The graph between the total number of a-particles N(@) scattered through angle a 
and the scattering angle @ was found to be as shown in Fig. 1.01. 

The a-particles scattered from the gold foils are very heavy particles (about 
7000 times heavier than electrons) and possess high initial speeds. Thomson's atom 
model cannot explain the scattering of a-particles through large angles and 
particularly through 180°. Itis because, the light particles like electrons cannot deflect 
the massive a-particles through 180°. 

Explanation. To explain the above experimental observations, Rutherford 
assumed that the scattering of a-particles from the gold atoms was due to Coulomb’s 
interaction between the positive charge of the a-particle and the positive charge in 
the gold atom. On this basis, he theoretically calculated the number of a-particles 
that would be deflected through angle 6. The theoretical graph between N (8) and 
@ was found to be in full agreement with the graph shown in Fig. 1.02 obtained 
experimentally. The experimental observations led Rutherford to the following 
conclusions : 


re 


0° pen 180° 
Fig. 1.02 
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1. Since most of the a-particles passed undeviate 
space in tt. 

2. Since the fast and the heavy a-particles could be deflected even through 180°, 
the whole of the positive charge and practically the entire mass of the atom is confined to an 
extremely small central core. It was called nucleus. 

Since 1 in about 8000a-particles is deflected through 180°, the size of the nucleus 


is about th of the size of the atom. 


1 
10,000 

3. The scattering of different a-particles through different angles was explained 
on the nuclear model of the atom as given below : 

The a-particles such asa anda’, which pass through the atom at a large distance 
from the nucleus, experience a small electrostatic force of repulsion due to the 
nucleus and hence undergo a very small deflection. The a-particles b and b’, which 
pass through the atom at a close distance from the nucleus suffer a large deflection. 
The a-particles such as c, which travel towards the nucleus directly, slow down as 
they move and ultimately come to rest and then after being deflected through 180°, 
retrace their path [Fig. 1.03]. 


mg 1.02. CONCLUSIONS FROM RUTHERFORD’S EXPERIMENT 


The following conclusions can be drawn from Rutherford’s @-scattering 
experiment : 

1. Anatom may be regarded as a sphere of diameter 10-!m but whole of the 

positive charge and almost the entire mass of the atom is concentrated in 
a small central core called nucleus, having a diameter of about10~!4 m. 

2. The nucleus is surrounded by electrons. In other words, the electrons are 
spread over the remaining part of the atom, leaving plenty of empty space 
in the atom. 

3. As the atom is electrically neutral, the total positive charge on the nucleus 
is equal to the total negative charge of the electrons in the atom. 

4. Rutherford pointed out that the electrons inside the atom are not stationary 
for if they were at rest, they would be pulled into the positive nucleus due 
to the strong electrostatic force of attraction between the nucleus and the 
electrons. He assumed that the electrons are revolving around the nucleus 
in circular orbits, the necessary centripetal force being provided to them 
by the electrostatic force of attraction between the electrons and the nucleus. 

Mm 1.03. COMPOSITION OF NUCLEUS 

The nucleus was first discovered in 1911 by Lord Rutherford and his associates 
by experiments on scattering of alpha particles by atoms. He found that the scattering 
results could be explained, if atoms consist of a small, central, massive and positive 
core surrounded by orbiting electrons. The experimental results indicated that the 
size of the nucleus is of the order of 10-4 metre and is thus 10,000 times smaller 
than the size of atom. The study of radioactivity revealed that nucleus is not a 
composite body but is made of nucleons. Further, it is practically responsible for 
the whole of the mass of the atom. 

In periodic table, elements are arranged according to their atomic numbers. 
The Zth element in the periodic table has Z protons in its nucleus and this number 
Z is known as atomic number. If there are N neutrons in the nucleus, then the number 
of protons and neutrons is given by 

A=Z+4N, 
where A is known as mass number. It may be made clear that the nuclear mass is 
different from the mass number. Actually, mass number is the integer closest to the 
nuclear mass. 

In nuclear physics, it is very convenient to represent nucleus of an element as 
zX*, where Z and A are respectively the atomic number and mass number of an 
element, whose chemical symbol is X. For example, nucleus of sodium having 11 
protons and 12 neutrons (Z = 11, A = 23) is represented as ,,Na”’. 

Magnetic moment of nucleus. In order to explain hyperfine structure of the 
spectral lines, in 1924, Pauli suggested angular momentum for the nucleus. The 
protons and neutrons were also considered as particles having orbital and spin 
motion. 

When a charged particle like proton moves ina closed path, it possesses angular 
momentum and at the same time it produces magnetic field. The magnetic field at 
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An atom has a nearly continuous mas 
distribution in Thomson’s atom model 
But according to Rutherford’s aton 
model, the distribution of mass in the aton 
is highly non-uniform. 


Protons and neutrons inside the nucleu: 
are called nucleons. 


se distances may be described as due to a magnetic dipole located at the centre 
he current loop (closed path of proton). Thus, the orbital and spin motion of 
tons produce extranuclear magnetic field, which can be assumed as due to 
gnetic dipoles located at the centre of the nucleus. Since a magnetic dipole 
ssesses magnetic moment, the nucleus also possesses magnetic moment. 
Proton. Proton is a positively charged particle. The magnitude of charge on 
proton is 1-6 x 10-19 coulomb. The rest mass of proton is 1-6725x 10-27 kg. 
rther, the rest mass of proton (m,,) is 1836-1 times the rest mass of electron (m,). 


tM, ’ 1 
as got intrinsic angular momentum (spin) equal to — . It also possesses a very 


all magnetic moment as compared to that of electron. 

Neutron. Neutron possesses no charge and its rest mass (11,,) is 1836-6 times 
. rest mass of electron. Neutron has got intrinsic angular momentum equal to that 
proton. Since magnetic moment of a particle is the effect of the rotating electric 
arge, the uncharged neutron might be expected to have no magnetic moment at 
. In fact, it also possesses a small magnetic moment. 

Thus, we find that neutrons and protons have identical properties except that 
oton is a positively charged particle and neutron without any charge. As said 
rlier, protons and neutrons are collectively called nucleons. 

The following gives a detailed account of the properties of neutron : 

4. Neutron is constituent of nucleus and is an elementary particle having mass 
ual to 1-6748x 10-7 kg. 

2. It isan uncharged particle and hence the electric and magnetic fields have 
effect on it. 

3. Being neutral, it possesses very high penetrating power. 

4. Also due to its neutral nature, it possesses very low ionising power. 

5. Neutron is a stable particle within the nucleus. However, outside the 
icleus, the neutron is an unstable particle. Its half life period is about 12 minutes. 
decays according to the following scheme : 

pti jH1 + _ye°+ ¥, 
here v is called antineutrino. 

6. The neutrons can be slowed down by passing them through heavy water, 
raffin wax, graphite, etc. This happens due to the elastic scattering of the neutrons. 
1e scatterers are commonly known as moderators. 

7. The slow neutrons, also known as thermal neutrons, are found to be more 
ficient in causing nuclear reactions. 
wa 1.04. ISOTOPES, ISOTONES AND ISOBARS 

Isotopes. The atoms of an element, which have the same atomic number but different 
ass numbers, are called isotopes. In other words, the number of protons inside the 
icleus or the number of electrons outside the nucleus of such atoms is the same 
it the number of neutrons inside the nucleus is different. Thus, isotopes differ only 
; regards the number of neutrons inside their nuclei. As their atomic number is 
me, they occupy the same position in the periodic table and hence they possess 
lentical chemical properties. Such elements cannot be separated by chemical means 
nd different techniques have been developed for their separation and to study their 
lative abundance. Some examples of isotopes are : 

(i) ae) ros gO"5) (ii) bls agi (iii) gents relia, rhe 

It may be pointed out that though the isotopes have identical chemical 
roperties, the nuclear properties are highly dissimilar. For example, out of three 
sotopes of sodium, 1Na*4 is found to decay by positron-emission, Na? is stable 
nd ,,Na”2 is found to decay by beta-emission. 

Isotones. The atoms whose nuclei have same number of neutrons are called isotones. 
ecause of symmetry of nuclear forces in protons and neutrons, isotones and 
sotopes play very similar roles in nuclear forces. ou sat ica 

Isobars. The atoms, which have same mass number but different atomic numbers, are 
alled isobars. Since isobars have same mass number, they have Same ntimber of 


The main drawback with neutrons is 
that : they have no charge. There is no 


way to artificially accelerate them ! 


Self-test Question : 


Dy 


Values of atomic mass for most elements 
are close to whole number multiples of the 
mass of one hydrogen atom, but some are 
not (e.g. chlorine has an atomic mass of 


35-5). Why ? 


Self-test Question gee see ale) 


Chlorine’s proton number is 17. How 
many neutrons are there in each of its 
isotopes : C135 and C137 ? Which of the 
two isotopes is most abundant and by how 


much ? 


ucleons (neutrons and protons) in their nuded Phe number of protons in their nuclei” 


toms. Therefore, the chemical properties 6 
yf isobars are : 


nd hence the number of electrons revolving around their nuclei te different in such ae 
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(i) ,H? and oHe? (ii) 3Li and 4Be’ (iii) gAr*® and y)Ca* (iv) ,,Ge”® and 34e”® 
No stable isobars are found among the higher elements. 


game 1.05. SIZE OF NUCLEUS 


The fact that nucleus has a finite size became evident from the Rutherford’s 
alpha particle scattering experiments. The results of a-scattering experiment can 
be easily explained on the basis of the Coulomb’s interaction between thea-particle 
and the nucleus of the gold atom. Further, the measurement of the distance of closest 
approach of the a-particle helped in estimating the size of the nucleus. The radius 
of gold nucleus was estimated to be about 4-1x 10-!4m. 

The size of the nucleus has been measured with the help of a variety of 
experiments involving the scattering of particles such as neutrons, protons, electrons, 


etc. In every case, it is found that the volume of the nucleus is directly proportional to e{=)) ei (5 @eli-t tle) a) 


the number of nucleons (mass number) constituting the nucleus. If R is the radius of the ; : 
nucleus having mass number A, then High energy X-rays may have wa 
4 s lengths as short as 10-!! m. What are 
—M@R° «A implications for probing size of 
3 nucleus using such X-rays ? 
or R« Al/s 


or ReR AMY, (1,01) 
where R, = 1-1 x 10~!° is the range of nuclear force. It is also known as nuclear unit 
radius. It is believed to be the average nucleon size. The value of R, is not definite. 
Electron scattering experiments predict slightly smaller value of R, than that 
predicted by neutron scattering experiment. It is because, in neutron scattering 
experiment, the charge on nucleus does not play any role as it does in electron 
scattering experiments. The different values of nuclear radius from these 
experiments indicate that the matter and charge are not distributed in a similar 
fashion inside the nucleus. 

Owing to the small size of the nucleus, fermi (F) is found to be a convenient 
unit of length in nuclear physics. It is defined as 

1 fermi (F) = 10-5 m 
mug 1.06. NUCLEAR DENSITY 

The expression for radius of nucleus can be used to compute the density of the 
nucleus. Let us find the density of the nucleus of an atom, whose mass number is 
A. If we neglect the mass of the orbital electrons, then 

mass of the nucleus of the atom of mass number A 

=Aam.u.= Ax 1-660565 x 10-27 kg 
If R is the radius of the nucleus, then 


volume of nucleus = if mR? = 2 7m (Ry AM3)3 = = mR A 


3 3 3 Watch out ! 
Taking R, = 1-1 x 1075 m, we have 


4 eiythy 4 A test tube full of bare nuclei will we 
volume of the nucleus = a m(1-:1X10 °)°xAm heavier than the earth ! 


mass of nucleus _ Ax 1.660565 x 10-27 
volume of nucleus Sa (1-1 10715)3 x A 


Density of the nucleus, P = 
Key point 


= 2:97 x 10!” kg m3 (independent of A) _ The density of nuclear matter is same - 
Discussion. 1. The density of the nuclei of all the atoms is same as it is all the nuclei (independent of Z). 
independent of mass number. Mats ch Blas, Risk, ae 
2. The high density of the nucleus (~ 10!” kg m-3) suggests the compactness 
of the nucleus. Such examples of high densities are met in the form of neutron stars. RODIN os ss oot 
3. The experiments reveal that the density of nucleus is maximum at the centre ; ' 
and falls to zero as we move radially outwards. In other words, the nucleus does The density of nuclear matter is extreme 
not have sharp boundary. The effective value of radius of the nucleus is taken as__ Jarge as compared to the average dens 
the distance from its centre, where the density is half its value at the centre. of matter distributed in the atom. 
4. Recent high energy electron scattering experiments have proved that matter f 
is not uniformly distributed inside the nucleus. 


gas 1.07. FORCE BETWEEN NUCLEONS 


The nucleus of an atom is a small sphere of diameter of about 10-!4 metre and 
a number of protons and neutrons are packed inside it. Due to electrostatic 
interaction between protons (positively charged), the strong Coulomb’s repulsive 
force will try to blow them apart, whereas the weak gravitational force between the 


he ty shal 835 
cleons due to their rest masses will try to hold them together. In order to see, what 
ll actually happen, let us make an estimate of the magnitudes of Coulomb’s and 
svitational forces between two protons inside a nucleus. 
Magnitude of gravitational force. The gravitational force between two protons 
ch of mass 7, and separated by a distance r is given by 
m,m 
F =G Ka oh j 2 
grao wy) Inside the nucleus, electrostatic force of 
Now, m, = 1-67 x 1027kg and G=6-66x 1071! N m2 kg? repulsion between two protons is about 
P -11 97.2 wre 103° times the gravitational force of 
see 6:66x10 : 62X10") 1 86 se N attraction between them. 
r ) r On the other hand, electrostatic force of 


Magnitude of Coulomb’s force. The Coulomb’s or electrostatic force between attraction between a proton and an 
vo protons each having charge q and located at the same distance r is given by electron kept a certain distance apart is 


rab pe 791 q about 1042 times the gravitational force of 
elec ane ; a, attraction between them at the same 
1 us ee distance. 
Now =9x109 Nm? C* ;g=16x107C 
ATE, 
9x10? X(1-6x 10-1)? _ 2-304 x i) oe 
Folec ¥ 7 a 2 N 
r r 

EF 2-304 x 10778 2 
Hence, oe 5 x i ree 1020 

Forav r 1-86 x 10 


Therefore, inside the nucleus, Coulomb’s electrostatic repulsion between two 
srotons is about 10°° times the gravitational attraction between them. 


mam 1.08. NUCLEAR INSTABILITY 

It follows that Coulomb’s electrostatic repulsion between two protons is 
xtremely large as compared to the gravitational force of attraction between them. 
Therefore, if Coulomb’s repulsive and gravitational attractive forces are the only 
forces operating inside the nucleus, it cannot be stable. The stability of nuclus has 
been explained on the basis of the existence of a third type of force inside the nuclues, 
called nuclear force. Itis such a strong attractive force that Coulomb’s repulsive force 
between protons is unable to tear off the nucleus. 

The stability of a nucleus is determined by many factors. A brief account of a 
few such factors is as given below : 

1. The stability of a nucleus is determined by the value of its binding energy 
per nucleon”. In general, higher the value of the binding energy per nucleon, more 
is the nucleus stable. 

2. The stability of a nucleus is also determined by its neutron to proton ratio. 
In general, for stable nuclei, neutron proton ratio should be greater than 1. _ Blectrostatic repulsion would:tear the 

Only the lightest nuclei tend to have equal number of protons and neutrons. ,ucleus apart. There h beat 

: ! } part. There has to be a force to 
As Z increases, the disruptive forces due to Coulomb’s repulsion between the ind all nucleons. Neutrons are not 
protons would tend to tear off the neucleus, unless some extra attractive forces Were _epelied electrostati ss ally, but they would 
not brought into the nuclear structure. These extra attractive forces are provided janq to drift about anywhs ave ifnotheld 
by neutrons, whose number exceeds the number of protons by a larger and larger; ; ; 
is Be BR y 8 8 tightly in the nucleus by a strong attractive 
amount as Z increases. eatin 

3. Apart from the high values of binding energy per nucleon and a proper 
neutron-proton ratio, the stability of a nuclon is determined by the consideration, 
whether it is an even-even nucleus (even Zand evenA) or aneven-odd nucleus (even 
Z and odd A) or odd-even nucleus (odd Z and even A) or an odd-odd nucleus (odd 
Zand odd A). It is found that an even-even nucleus is more stable, even if it has 
comparatively low value of binding energy per nucleon. An even-odd or an odd- 
even nucleus is found to be lesser stable, while the odd-odd nucleus is found to be 
least stable. 
mamm 1.09. NUCLEAR FORCE 

Inside the nucleus, Coulomb’s repulsive force between two protons is about 
10° times.as large as the. gravitational force between them. In the presence of such 
a tremendous repulsive force between two protons, the small attractive gravitational 
force can :dodittle in preventing them from getting away from each other. But we 

heavy nucleus containing a large number of protons is stable. It 


*Refer to section 1.12. rane 


The extremely large magnitude of electro- 
static force of repulsion between protons 
is the basic cause of nuclear instability. 


e basically a very strong attractive 
repulsion between the protons may 


itis known as nuclear force. This force should b 
force, so that even the large electrostatic force of 
not be able to blow apart the protons. 

The exact force law obeyed by the nuclear force is not known but at a distance 
of about 107!4 m, nuclear force is estimated to be about 100 times as strong as the 
Coulomb’s force between the two protons. Therefore, the relative strengths of the 
gravitational, Coulomb’s and nuclear force are 

Fost Pacis UF 10°: 1058 

Properties. The nuclear forces are found to possess following properties : 

1. Nuclear forces are strongest forces in nature. Nuclear forces are about 10-8 
times as strong as gravitational forces. 

2. Nuclear forces are short range forces. The nuclear force between two nucleons 
becomes negligible, when the distance between them is greater than 4-2 fermi or 
4-2 x 10° m. However, the range of nuclear force is taken as 1-5 fermi, where the 
magnitude of the nuclear force becomes about one-third of its maximum value. Thus, 
unlike gravitational and electromagnetic forces (which extend up to infinity), nuclear 
force is a short range force. 

3. Nuclear forces are basically strong attractive forces, but contain a small 
component of repulsive forces. The nuclear force comes into action as an attractive 
force, when two nucleons are at a distance of about 10-14 m ( size of nucleus ). As 
the distance is decreased, the attractive force increases rapidly and becomes 
maximum at a distance of about 1-5 x 10-15. If distance is decreased further, at a 
distance of 0-5 x 10-!5 m, it changes suddenly into a repulsive force. Thus, over a 
Jarge part of nucleous, the nuclear force is strong attractive and is strong repulsive 
only over a small part of the nucleus. This repulsive part saves the nucleus from 
collapsing. 

4. Nuclear forces are saturated forces. A nucleon inside the nucleus does not 
experience nuclear force due to all other nucleons. It experiences force only due to 
its nearest neighbouring nucleons. A direct consequence of this property is that mean 
binding energy per nucleon for most of the nuclei has a constant value of 8 MeV 
per nucleon. 

5. Nuclear forces are charge independent. Inside the nucleus, the attractive forces 
between two nucleons are of three types ie. force between a neutron anda proton 
(n-p), between two neutrons (n-n) and between two protons (p-p). 

Experiments indicate that the three types of forces i.z. n-p, n-n and p-p have the 
same magnitude i.e. 

n-p = n-n = p-p 

Thus, inside the nucleus, the force between nucleons is not affected by the 
charge of the proton and this property is known ascharge independence of nuclear forces. 

6. Nuclear forces are spin-dependent. The force between two nucleons having 
parallel spins is greater than the force between the two nucleons having anti-parallel 
spins and hence nuclear forces are spin dependent. 

7. Nuclear forces are exchange forces. The nuclear force between the two 
nucleons is the result of the exchange of mesons (79, 7+ and 1~) between them. 

8. Nuclear forces are non-central forces, The force between two nucleons does 
not act along the line joining their centres and for this reason, it is called anon-central 
force. 


Me 1.10. MASS-ENERGY EQUIVALENCE 
Einstein’s mass-energy equivalence is a consequence of variation of mass with 
velocity. From the special theory of relativity, it follows that the kinetic energy of 
a moving particle is equal to c* times the increase in mass due to its motion. If m 
is rest mass of the particle and m, the mass in motion, then kinetic energy of the 
particle, 
T = (m—my)) c? 


According to Einstein, the rest mass of the particle is due to an internal store. . 
of energy m, c2, called the rest mass energy of the particle. Therefore, the total energy 


of a moving particle is given by . 
E=T+m,c2=(m RM) C2 mg cP SI ty iy 


or E=m c2 McA SOBA Ve ~ 202), 
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Thus, a mass m is equivalent to an energy mC. t aga Serger 
-energy relationship showing the equivalence of mass and energy. Self-test Question 
Discussion. The mass-energy equivalence relation leads to the following How long could you run a 1000 MW 
rtant conclusions : power station on 1 kg of matter (assuming 


1. The equation (1.02) may be written as all of it is converted into useful energy ? 
AE = Am c?, 

e Amis the increase in mass corresponding to the increase in energy AE. It forms 

asis of nuclear fission and fusion relations. A mass Am is equivalent to energy 

and an energy AE is equivalent to a mass AE/c2. Thus, special theory of relativity 

es energies to all masses and mases to all energies. 

2. Inclassical mechanics, the laws of conservation of mass and energy are two 

rate principles independent of each other. The relation E = m c”, leads to the 

cation of the two laws into one lawi.e. law of conservation of relativistic energy. 

3. In classical mechanics, mass is considered something fundamental to 

er, while energy is a property of the matter acquired by virtue of its position 

figuration) or motion. The relation E = m c* puts an end to such a distinction 

reen mass and energy. 

1.11. ATOMIC MASS UNIT 

The atomic mass unit* (a.m.u.) is a very small unit of mass and it is found to 

ery convenient in nuclear physics. 


Be ee, 1 
Atomic mass unit is defined as —~ th of the mass of one gC! atom. 


According to Avogadro’s hypothesis, number of atoms in 12 g of ,C! is equal 
vogadro number. i.e. 6-023 x 10"? 


Therefore, the mass of one carbon atom (Gl) is 3 i.e. 1-992678 x 
6-023 x 10 
6 kg. 
1 z 
Therefore, Liam. = 12 x 1.992678 x 10 26 kg 
or 1 a.m.u. = 1-660565 x 10°?” kg 


The mass of a hydrogen atom comes out to be 1-00794a.m.u. The masses of 
ny atoms are found to be close to integral multiplet of the mass of an hydrogen 
m. However, the atomic mass of the chlorine atom is 35-47 a.m.u. and is not 
egral multiple of the atomic mass of hydrogen. The measurement of atomic 
sses with the help of mass-spectrometer revealed that many elements possess 
topes. The chlorine is composed of two isotopes having atomic masses 34-98 
1.u. and 36-98 a.m.u. Their relative abundance is 75-4% and 24-6% respectively. 
e atomic mass of chlorine is taken weighted average of the masses of its two 
topes. Thus, 
75-4x 34-98 + 24-6 x 36:98 _ as hay aly 

100 
On the atomic scale, mass of a proton is taken as 
m, = 1-007275 a.m.u. = 1007275 x 1.660565 x 10-27 = 1.67265 x 10-*” kg 


d mass of a neutron is taken as 
m,, = 1-008665 a.m.u. = 1.008665 x 1-660565 x 10-27 = 1.67495 x 10°” kg 

Energy equivalent of a.m.u. 
According to Einstein’s mass-energy © 


uivalent of mass m is given by 
E=mc’, 


atomic mass of chlorine atom = 


quivalence relation, the energy 


here c is speed of light. 
Suppose that m=1a.m.u. = 1-660565 x 10-*” kg 


Since c = 2-998 x 10° ms‘1, the energy equivalent of 1 a.m.u. is given by 
Lamu. = (1-660565 x 1027 kg) x (2998 x 10° m sl)? = 1.4925 x 10-1°J 
Since 1 MeV = 1-602 x 10-13 J, we have ~~ 


*Atomic mass unit is also denoted as u. 
atom. On this basis, the atomic masses of many elements 


1 
+Before 1960, atomic mass unit was defined as — th of mass of an Lore 


iffer considerably from the integral multiples of the mass of hydrogen atom. 
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In general, the nucleus of an atom is stable. The protons and neutrons are held 
inside the nucleus by the strong attractive forces, called nuclear forces. Since the 
free protons would exert a very strong force of repulsion on each other, it is 
worthwhile to investigate as to how a nucleus is formed from free protons and 
neutrons. 

Mass defect. It is found that the mass of a stable nucleus is always less than 
the total mass of the constituent nucleons. In other words, if a certain number of 
neutrons and protons are brought together to form a nucleus, the mass of the 
nucleons forming the nucleus decreases or defects. 

The difference between the sum of the masses of the nucleons constituting a nucleus 
and the rest mass of the nucleus is known as mass defect. It is denoted by A m. 

Let us calculate the mass defect in case of the nucleus of an atom 7X4. Th 
nucleus of the atom contains Z protons and (A-—Z) neutrons. Therefore, 

mass of the constituting nucleons = Z m, + (A —Z) m,, 

If my(7X4) is mass of the necleus of the atom 7X“, then the mass defect is given 
by 

Am =[Z m, + (A-Z) m,] — my(>X4) may 

The mass defect can also be expressed in another form as explained below : 

Adding and subtracting the mass of Z electrons i.e. Z m, on the R.HLS. of 
equation (1.03), we have 

Am=[Zm,+ (A-Z)m, + Zm,]—my(7X4)-Z m, 
= [Z (m, + m,) + (A-Z) m,] - [my(FXA) + Z m,] 


Now, m, +m, = m(,H!), mass of hydrogen atom and 
My (7X4) + Zim = m(zX), mass of the atom 7X 
Therefore, A m = [Z m(,H!) + (A-Z) m,,] — m(7X4) (1.04) 


Binding energy. When a nucleus is formed from the free nucleons, the decrease 
in mass of the nucleons is released as equivalent energy (in accordance with 
Einstein’s mass-energy relation). The energy equivalent to mass defect is used in 
binding the nucleons and is called binding energy of the nucleus. In order to break 
the nucleus or to completely separate the nucleons from each other, an equal amount 
of work has to be done. 

Thus, the binding energy of a nucleus may be defined as the energy equivalent to the 
mass defect of the nucleus. It may be measured as the work required to be done to 
separate the nucleons an infinite distance apart, so that they no longer interact with 
each other. 

If A m is mass defect of a nucleus, then according to Einstein’s mass-energy 
relation, 

binding energy of the nucleus = Am c2 (in joule) 

Here, mass defect A m has to be measured in kilogram. In case, mass defect is 

measured in a.m.u., then 
binding energy of the nucleus = Am x 931-5 (in MeV) 

The binding energy of a nucleus may also be expressed in terms of masses of 
protons, neutrons and the nucleus as explained below : +P : 

From equation (1.03), we have r aa 

binding energy = [{Z m, + (A-Z) m,} — my (>X)] x 931-57)" 7/4.( 1-05) 

Here, My (7X4) is mass of the nucleus of the atom oXA, eM har TES 

Also, using equation (1.04), we have ai be 


binding energy = [{Z. mH!) + (A—Z) m,,} — m(¢XA)] x 931.5 ...(1.06) 


A 
zx”. 


Here, mH 1) and m(7XA) represent mass of hydrogen atom (,H!) and the atom 
; Un 5B Wace ds 9S CISD ISISN MIVA ACS 


Nuelceons are bound together by the 
strong nuclear force. The binding energy 
of the nucleus may be termed as the work 
done against this binding force to pull the 
nucleons apart. 


- 
Mass defect and hence binding energy of 
hydrogen nucleus is zero. It is because, 
there is only one nucleon. Therefore, 
strong nuclear force is not involved and so 


no work need to be done to overcome it ! 
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leon. The binding energy per nucleon average energ 
from the nucleus. It is obtained by dividing the binding 
gy of the nucleus by the number of nucleons it contains. 
Thus, binding energy per nucleon = Te ee ...(1.07) 
It may be pointed out that the binding energy per nucleon of a nucleus is more 
ortant than the total binding energy of the nucleus. The higher value of the 
ling energy per nucleon indicates comparatively greater stability of the nucleus. 
Packing fraction. The packing fraction of a nucleus is defined as the mass defect per 


eon of the nucleus. 


Thus, packing fraction = mass defect ...(1.08) 


The packing fraction of a nucleus is closely related to its binding energy per 
leon. 


51.13. BINDING ENERGY CURVE (Nuclear Stability) 

Knowing the mass of the nucleus or the mass of the atom, the binding energy 
| binding energy per nucleon of a nucleus can be easily determined. The values 
hese two quantities for a few nuclei are given in the following table : 


It follows that binding energy of AX is greater than that of Hes but the value 
its binding energy per nucleon is lesser. However, >Het* is found to be more stable 
in yi Therefore, it may be concluded that the stability of anucleus (in addition 
a few other factors*) depends upon binding energy per nucleon rather than the 
al binding energy of the nucleus. Hence, the knowledge of binding energy per 
cleon of a nucleus is more important than its binding energy. 

Fig. 1.04 shows the graph between binding energy per nucleon and mass 
imber of different nuclei. From the binding energy curve, the following inferences 
n be drawn : 

1. The binding energy per nucleon for light nuclei, such ae, Fi) is very small. 

2. The binding energy per nucleon increases rapidly for nuclei upto mass 
imber 20 and the curve possesses peaks corresponding to nuclei sHet, ,C’? and 
)16. The peaks indicate that these nuclei are more stable than those in their 
xighbourhood. It confirms the reason for extraordinary stability of a-particle. 

3. After mass number 20, binding energy per nucleon increases gradually and 


r mass number between 40 and 120, the curve becomes more or less flat. The 


verage value of binding energy per nucleon in this region is about 8-5 MeV. For A 


56 (ogFe™), the binding energy per nucleon is maximum and it is equal to 8-8 MeV. 
4. After mass number 120, binding energy per nucleon starts decreasing and 
rops to 7-6 MeV for uranium. This low value of binding energy per nucleon in case 
f heavy nuclei is unable to have control over the Coulomb’s repulsion between the 
irge number of protons. Such nuclei are unstable and are found to disintegrate by 
mitting a-particles. An a-particle is a nucleus of helium (2 protons and 2 neutrons). 
he emission of a-particle not only decreases Coulomb’s repulsive force inside the 
ucleus but also increases the value of B.E./A of the nucleus due to its extraordinary 
table structure (a-particle has large binding energy). It is called a-decay. 
Sometimes, the heavy nuclei increase the value of their B.E./A by emitting an 
Jectron. It is called B-decay. Inside the nucleus, an electron does not exist. It is created 
t the time of B-decay due to conversion of aneutron into proton. The f-decay leads 
0 increase in Coulomb’s repulsive force, but it increases B.E. /Aand also improves 
he neutron-proton ratio". 
*Refer to section 1.08. (it, SORERR EV inoss 990th 
+As discussed in section 1.08, it is a factor, which determines the stability of a 
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heavy nuclei. In order to attain higher value of binding energy per nucleon, the 
lighter nuclei may unite together to forma heavier nucleus (process of nuclear fusion) 
or a heavier nucleus may split into lighter nuclei (process of nuclear fission). Inboth 
the nuclear processes, the resulting nucleus acquires greater value of binding energy 
per nucleon along with the liberation of energy. 
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Type A. On size of nucleus 
Problem 1.01. Obtain approximately the ratio of the 
nuclear radii of the gold isotope ,,Au197 and the silver 


isotope g/g’. (Text Problem) 
Sol. We know that R « A!/3 


cei eee 
Ry \A, 
A, = 197; A, = 107 


Bu ( 192)" 
R> (107) = 1226 


Type B. On Nuclear density 

Problem 1.02. Assuming that protons and neutrons 
have equal masses, calculate how many times nuclear 
matter is denser than water. Given that nuclear radius is 
given by R = 1-2 x 10-5 A¥3 metre and mass of a nucleon 
= 1-67 x 10°?’ kg. 

Sol. Here, R = 1-2 x 10-19 Al/3 m- 

mass of one necleon = 1-67 x 10-27 kg ; 

Let us calculate the density of the nucleus of mass 
number A. 

Then, mass of the nucleus = 1-67 x 10-27 x A kg 

Volume of the nucleus, V 

= 2° = Sn (1-2x10-% AM3)3 m3 

Density of the nucleus, 


1-67 1072”? x A 


Therefore, 


Here, 


p = 
nuc ; (12% 10715 A'/3)3 


= 2-307 x 10!” kg m= 
Now, density of water, p,,,,, = 10° kg m3 
Puuc oe 2: sa 107 = 2-307 x 1014 
Pwat 10 
Type C. On Mass defect and Binding energy 
Problem 1.03. Find out the binding energy per nucleon 
of an a-particle in MeV. It is given that the masses of a- 
particle, proton and neutron are respectively 4-00150 a.m.u., 
1-00728 a.m.u. and 1-00867 a.m.u. (I.S.C.E. 1998) 
Sol. An a-particle i.e. nuclues of helium, consists of two 
protons and two neutrons. 
Here, m,;, = 400150 a.m.u. ; m 
m,, = 1-00867 a.m.u. 
Therefore, mass of protons and neutrons constituting an 
a-particle, 
2m,+2m, = 2x1 -00728 +2 x 100867 = 4-0319 a.m.u 
Mass defect, A m = (2 mM, +2 m,) — my, 


= 4-0319 ~ 4.00150 = 0-0304 a.m.u. 
Now, 1 a.m.u. = 931-5 MeV 


= 1-00728 a.m.u. ; 


P 


both very ligh and ery 


‘adic 


Watch out ! 
Once you reach iron in nuclear reactio 
it’s all over, No more energy avai 
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nuclear energy ! 


Therefore, binding energy of a-particle 
= Am x 931-5 = 0-0304 x 931-5 =28-32 Me 
Problem 1.04. The mass of deutron (,H?)nucleus 
2-013553 a.m.u. If the masses of proton and neutron ai 
1-007275 a.m.u. and 1-008665 a.m.u. respectively, calcula 
the mass defect, the packing fraction, binding energy an 
binding energy per nucleon. 
Sol. Here, Mh = 1:007275 a.m.u. ; m,, = 1-008665 a.m.u 


and mass of ,H? nucleus, My, (4H?) = 2:013553 a.m 
The deutron nucleus contains one proton and on 
neutron. Therefore, 
mass of nucleons constituting deutron, 
m,, + m,, = 1:007275 + 1-008665 = 2-015940 a.m.u. 
Therefore, mass defect, A m = (m, + m,,) — my(,H?) 
= 2:015940 — 2:013553 = 0-002387 a.m.u. 
Packing fraction, ou = ee = 
Now, binding energy of deutron 
= Am x 931-5 = 0.002387 x 931-5 
= 2:22 MeV 
Therefore, binding energy per nucleon of deutron 
= 2:22/2=1-11 MeV 
Problem 1.05. Obtain the binding energy of the nucle 
o6Fe°° and ,,Bi2 in units of MeV from the following data 
mass of hydrogen atom = 1.007825 a.m.u., mass of neutror 
= 1.008665 a.m.u.; mass of ,,Fe® atom = 55-934939 a.m.u 
and mass of ,,Bi7 atom = 208-980388 a.m.u. 
(C.B.SE. 1993, Pre-degree Kerala, 1991 
Also calculate binding energy per nucleon in the two 
cases. (Text Problem) 
Sol. Here, mass of hydrogen atom, 
m(,H!) = 1.007825 a.m.u. m,, = 1-008665 a.m.u 
If m(7X) represents the mass of the atom 7X4, then 
binding energy of the nucleus of the atom 7X4 is given by 
BE = (ae) 
= [{Z mGH!)+(A - Z) m,} — m(,XA)] x 931-5 
(i) Here, m(,,Fe>°) = 55-934939 a.m.u. ; 
Z = 26 and A~Z=56-26=30 


= 0-0011935 a.m.u. 


+ B.E, G,Fe>®) r 
= [126 x 1.007825 + 30 x 1-008665} — 55-934939] x 931-5 
= [{26-20345 + 30-25995} — 55-934939] x 931-5 
= 492-26 MeV u 
B.E. per nucleon of »,Fe®® = 492.26/56 = 8:79. MeV 
(ii) Here, m(g,Bi7) = 208-980388 a.m.u.; °0 ; hi 
Z = 83 and A~Z = 209 = 831+ 126 
Therefore, B.E. (.,Bi209) fe : 
= [183 x 1007825 + 126 x 1.008665} — 208-980388] « 931-5 
= [(83-64975 +'127-09179} -208-980388] x'9B1G° 
= 1640-26 MeV oy} fl ests 
BE. per nucleon of 3Bi2's 1640.26 /209'2 "74g Mev 
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Q. 1.01. How many electrons, protons and neutrons 
e there in a nucleus of atomic number 11 and mass 
umber 24 ? (LLT. 1982) 
Ans. Number of electrons or protons, Z = 11 
and number of neutrons, A- Z = 24 — iM pe i 
Q. 1.02. What are the number of protons and the 
umber of netrons in a nucleus of 92238 ? (I.S.C.E. 1993) 
Ans. Here, number of protons, Z = 12 
number of neutrons, A— Z = 238 - 92 = 146 
Q. 1.03. How many electrons, protons and neutrons are 
nere in 16 g of ,01° ? 
Ans. Number of atoms in 16 g of gO!® is equal to 
vogadro number, N = 6-02 x 1023. Therefore, 
number of electrons or protons in 16 g of Ord; 
N x Z = 6-02 x 1023 x 8 = 4-816 x 1074 
and number of neutrons in 16 g of or; 
N x (A= Z) = 6-02 x 1073 x (16 — 8) = 4-816 x 1074 
Q. 1.04. Is a free neutron stable particle ? 
Ans. A free neutron is not a stable particle. 
Q. 1.05. Give an equation representing the decay ofa 
‘ree neutron. ‘ (H.S.S.C.E. 1998) 
Ans. Equation representing decay of a free neutron. 
gine is Ha iar! Vet D 
Q. 1.06. What is meant by the term ‘isotope’ ? 
(1.S.C.E. 1998) 
Ans. The atoms of an element, which have the same 
atomic number but different mass numbers, are called 
isotopes. 
Q. 1.07. What are isotones ? 
Ans. The atoms, whose nuclei have same number of 
neutrons, are called isotones. 
Q. 1.08. How is radius of nucleus related to mass 
number ? 
Ans. The relation between radius and mass number is : 
R=R, A’? 
Q. 1.09. What will be the ratio of the radii of two nuclei 
of mass numbers A, and A,? (C.B.SE. 2000, 1995) 
Ans. Let R, and R, be radii of the nuclei of mass numbers 
A, and A, respectively. Then, from the relation R = R, Al’, 


it follows that 


Q. 1.01. Draw a labelled schematic arrangement 
showing Rutherford’s alpha particle scattering experiment. 
(.S.C.E. 1997) 
Ans. Refer to Fig. 1.01. 
Q. 1.02. What conclusions are drawn from Rutherford 
scattering experiments ? (1.S.C.E. 1995) 
Ans. Refer to section 1.02. ity 
Q;1:03. Nuclear atom model is required to explain the 
results of Rutherford experiment. Why. 27ony+ Gi) 
Ans. In Rutherford experiment, a few a-particles are 
scattered:through large angles. Therefore, massive and 


With Answers/Hintt 


Q. 1.10. What is the order of the magnitude of the 
density of nucleus ? 
Ans. Nuclear density ~ 10!” kg = 
Q. 1.11. What is the ratio of the nuclear densities of two 
nuclei having mass numbers in the ratio 1:4? 
(C.B.SE.1998 S) 
Ans. Nuclear density is independent of the mass number 
of a nucleus. Since the two nuclei having mass numbers in the 
ratio 1: 4 have same nuclear density, ratio of their nuclear 
densities is 1. 
Q. 1.12. What holds nucleons together in a nucleus ? 
(H.S.S.C.E. 2001) 
Ans. Inside the neclueons, the electrostatic force of 
repulsion between the protons is extremely large. They are 
held inside the nucleus due to nuclear force between them, 
which is basically a strong attractive force. 
Q. 1.13. State Einstein’s mass-energy relation. 
(I.S.C.E. 1997) 
Ans. In a process, when a mass ™ is completely 
converted into energy, the energy obtained is given by 


E=mc* 
Q. 1.14. Define atomic mass unit. (H.S.S.C.E. 1997 S) 
Or 


What is atomic mass unit ? (ES'C.E® £995) 


if 
Ans. 1 a.m.u.= ye of the mass of one ,Gi atom 


Q. 1.15. Express one atomic mass unit (1 a.m.u.) in 
kilogram. fE5.9.C E1994) 
Ans. 1 a.m.u = 1-66 x 10?” kg 
Q. 1.16. How many joule are there in one MeV ? 
(LBS ok 2.197) 
Ans. 1 MeV = 10° eV = 10° x 1-6 x 10°” = 16 x 10-33 J 
Q. 1.17. Define mass defect. (H.S.S.C.E. 2001) 
Ans. The difference between the sum of the masses of the 
neucleons constituting a nucleus and the rest mass of the nucleus 
is known as mass defect. 
Q. 1.18. What do you mean by mass defect of a 
nucleus ? (H.5.5,C.E,. 1993) 
Ans. Refer to section 1.12. 
Q. 1.19. Define binding energy of a nucleus. 
(H.S.S.C.E,.2002 ; H.P.S.S.C.E. 2001) 
Ans. The binding energy of a nucleus is equal to the amount 
of work done to separate the nucleons an infinite distance apart from 
each other, so that they no longer interact with each other. 


positive part of atom should be concentrated in a small 
portion of the atom. This small positive part having almost 
the entire mass of the atom was called nucleus and therefore 
the main feature of any atom model should be the presence 
of the central part called nucleus. 

Q. 1.04. Explain, how Rutherford’s experiment on 
scattering of a-particles led to the estimation of the size of 
the nucleus. (C.B.S.E. 1993) 

Ans. As most of the a-particles passed straight through 
gold foil andia very few were scattered back, it indicated that 
the central part of the atom must be positive and itshould be 
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a very small part of the atom. As only 1 in about 8000 a: 
particles retraced its path, the size of nucleus was estimated 


1 
to be about 70,000 th of the size of an atom. 


Q. 1.05. The three stable isotopes of neon : Ne2?, Ne”! 
and Ne”? have respectively abundances of 90-51%, 0-27% 
and 9-22%. The atomic masses of the three isotopes are 19-99 
a.m.u., 20-99 a.m.u. and 21-99 a.m.u. respectively. Obtain the 
average atomic mass of neon. (Text Question) 
Sol. The average atomic mass of neon, 
90:51 x 19-99 +0-27 x 20-99 + 9.22 21.99 


100 


A= 


= 20-177 a.m.u. 


Q. 1.06. Prove that nuclear density is same for all 
nuclei. (P.S.S.C.E. 1999 S, 1992) 


Or 
Show that the density of nuclear matter is constant. 
(P.S.S.C.E. 1992) 

Ans. Refer to section 1.06. 

Q. 1.07. Why is the density of nucleus more than that 
of the atom ? 

Ans. The size of nucleus is of the order of 10-!4 m and 
it is made of protons and neutrons only. 

On the other hand, size of atom is of the order of 10-19 m. 
Whereas, the size of atom increases by a very large factor (104 
times as large as the nucleus), its mass increases only bya 
small amount ( additional mass is the mass of orbital electrons 
only). For this reason, the density of nucleus is very large as 
compared to that of the atom. 

Q. 1.08. You are given two nuclides ,X” and ,Y4. 

(i) Are they the isotopes of the same element ? Why ? 

(it) Which one of the two is likely to be more stable ? 
Give reasons. (C.B.S.E. 2000, 1995) 

Ans. (i) Yes, ;X7 and ,Y are isotopes of the same 
elements. It is because, an element is characterised by its 
atomic number. Since, both X and Y have atomic number oF 
they represents the same element i.e. Li. 

(ii) 5X’ (or 3Li’)is more stable than 3Y4 (or 3Li*)(. It is 
because, the greater number of neutrons in 3Li7 results in 
greater attractive force between the nucleons so as to win over 
the Coulomb’s repulsive force between the protons. 

Q. 1.09. What are nuclear forces ? 

Ans. Refer to section 1.09. 

Q. 1.10. Give two important characteristics of nuclear 
forces. (P.S.S.C.E. 2002, 1999 S, 1999 ; C.B.S.E. 1992) 

Ans. Refer to section 1.09. 

Q. 1.11. What do you mean by the charge independent 
nature of nuclear forces ? 

Ans. Refer to section 1.09. 

Q. 1.12. Express 16 mg mass into equivalent energy in 
electron volt. (P.S.S.C.E. 2000 ; H.S.S.C.E. 1992) 

Ans. Here m = 16 mg = 16 x 103 g = 16 x 10 kg 

, E=mc?=16 x 10% x (3 x 108)? = 1-44 x 1012] 

1:44 x 10!2 

. 1-6x 107? 

Q. 1.13. Convert one a.m.u. in MeV. . 
pao ch 7 rida | (PS.S.C.E. 1998 S) 


=9 x 10730 eV 


i at it (ie... a fs Mi Or. J ae tS teh ney 
‘’” Calculate the energy equivalent to one'‘atomic mass 
unit (a.m.u) in MeV...) 5). (H.S.S.C.E. 1995) 
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ns. Refer O section Tilo Wawa omen: 
Q. 1.14. What is mass defect ? What light does it thro 
on the binding energy of a nucleus ? (.S.C.E. 199} 

Ans. Mass defect. For definition, refer to VSO 1.17. 

The binding energy of a nucleus is measured as th 
energy equivalent to the mass defect. 

Q.1.15.Why nuclei invariably have mass less tha 
the sum of the masses of the individual nucleons i 
them ? 

Ans. To make a nucleus, protons and neutrons have t 
come together in a very small space of the order of 1074 r 
The energy required to do so is provided by the nucleons a 
the expense of their masses. Due to this, the mass of th 
nucleus formed is always less than the sum of the masses o 
the consituent nucleons. — 

Q. 1.16. Draw a curve to show the variation of bindin; 
energy per nucleon with mass number. Show the positio1 
of H2 and U238 on this curve. (LS.C.E. 1995 

Ans. Refer to Fig, 1.04. 

Q. 1.17. Draw the graph showing variation of bindins 
energy per nucleon with mass number. Write two mait 
inferences drawn from the graph. 

(C.B.S.E. 2002, 1994 ; H.S.S.C.E. 2002 

Ans. For graph between B.E/A and A, refer to Fig. 1,04 

The following inferences can be drawn from thi: 
graph : . 

1. The peaks corresponding to >He?, «cl? and so 
indicate that these nuclei are more stable than those in theit 
neighbourhood. 

2. B.E./A has a low value for both light nuclei (A < 20) 
and for very heavy nuclei (A > 210). The light nuclei tend to 
unite (process of fusion) and heavy nuclei tend to split 
(process of fission) in order to attain greater value of B.E./A 
and hence greater stability. | 

Q. 1.18, For greater stability, a nucleus should have 
greater value of binding energy per nucleon. Why? 

Ans. The B.E. of ,Li7 is greater than that of He? but the 
value of its B.E./A is lesser. Since ,He* is found to be more 
stable than ,Li7, it follows that the stability of a nucleus 
depends upon the higher value of its B.E./A rather than the 
higher value of its total B.E. 

Q. 1.19. How will you correlate B.E. with the stability 
of a nucleus ? (P.S.S.C.E. 1995) 

Ans. Refer to SAQ 1.18. 

Q. 1.20. Draw a graph showing the variation of binding 
energy per nucleus with mass number of different nuclei. 
Mark the regions, where nuclei are (i) prone to fusion (ii) prone 
to fission and (iii) most stable. (C.B.S.E. 1996) 

Ans. For graph between B.E./A and A, refer to Fig. 1.04. 

(i) In the region A < 20, the B.E./A of the nuclei.is quite 
low except for the nuclei ,He4, 6Cl* and gO1Ft In an attempt 
to have greater value of B.E./A, the nuclei in the region A < 20 
unite to form a heavier nucleus and therefore, the nuclei in 
this region are prone to nuclear fusion. ere 

(ii) In the region A> 210, the B.E./A of the nuclei is again 
quite low. The nuclei in this region have a tendency. to split 
so as to improve the value of their B.E./A. Henge, jn region 

A > 210, the nuclei are prone to nuclear fission, £0 di 
_». {iii) In the region 40 <A < 120, the nuclei are mast stable. 
Itis indicated by the flat shape of the graph. The value.of B.E. / 
A in this region is maximum Le. about 8:8 MeV.-per pucleon. 


Q. 1.21. Draw a diagram to show the variation of 
inding energy per necleon with mass number for different 
1uclei. State with reason why light nuclei usually undergo 
juclear fusion. (C.B.S.E. 2001) 

Ans. For binding energy per nucleon versus mass 
umber diagram, refer to Fig. 1.04. 

For cause of light nuclei to undergo fusion, refer to SAQ 
..20. (i). 
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Se 1.01. Is the probability of backward scattering (i.e. 
scattering of a-particles at angles greater than 90°) 
predicted by Thomson's model much less, about the same 
9x much greater than that predicted by Rutherford’s 
model ? (Text Question) 

Ans. Thomson’s model predicts the backward scattering 
of a-particles much less than that predicted by Rutherford’s 
model. The reason is that in Thomson’s model, positive 
charge is uniformly distributed over whole of the nucleus 
instead of being concentrated in a small part. 

Q. 1.02. The isotope ,O7° has 8 protons, 8 neutrons and 

8 electrons, while 4Be® has 4 protons, 4 neutrons and 
4 electrons. Yet the ratio of their atomic masses is not exactly 
2. Why ? (Text Question) 

Ans. It is because of the fact that the mass of a nucleus 
is slightly less than the mass of the constituent nucleons. This 
decrease in mass is called mass defect. Since, the mass defect 
in case of ,O!° is not exactly twice the mass defect in case of 
Be®, the ratio of the atomic masses is not exactly 2. 
Se 1.03. The atomic mass of an element is the weighted 

average of the atomic masses of different isotopes of 
that element. This explains, why atomic masses of many 
elements show large departures from integer values. 
However, even if we consider masses of individual 
isotopes, they are not strictly integer multiples of the mass 
of a hydrogen atom. How do you account for this fact ? 

(Text Question) 

Ans. It is because of following reasons : 

1. The mass of a proton is not the same as that ofa 
neutron. 

2. The atomic mass also includes mass of electrons and 
an atom of mass number A has Z electrons (and not A 
electrons). 

3. The mass of nucleus is slightly less than the mass of 
the constituent nucleons. 

Q. 1.04. In heavy nuclei, number of neutrons is more 

than number of protons. Why ? 

Ans. In heavy nuclei, the number of protons is very large. 
Due to this, the electrostatic force, which is a long range force, 
also becomes very large. To contain the nucleons inside the 
nucleus, the only attractive force is the nuclear force. But it 
is ashort range force and can act only between neighbouring 
nucleons. A nucleus will be stable, if the number of neutrons 
is more than the number of protons so as to provide sufficient 
attractivé force. 
Gp 2 105. Binding energy per nucleon versus mass 

number curve for nuclei is shown in Fig. 1,05. W, X, y, 
Z are four nuclei indicated on the curve. The following 
processes tani possibly take place: _ 

(a) ¥'32Z (bl) W 9X4 Z()W92YAMXOY+Z 


Q. 1.22. Draw a diagram to show the variation of 
binding energy per nucleon with mass number for different 
nuclei. State why heavy nuclei undergo fission. 
(C.B.S.E. 2001) 

Ans. For binding energy per nucleon versus mass 
number diagram, refer to Fig. 1.04. 

For cause of heavy nuclei to undergo fission, refer to 
SAQ 1.20. (ii). 


A TECHIE STUFF — CONCEPTUAL SHORTANSWER QUESTIONS 


For combitious, brilliant & Curious Students 


Which of the above four processes, leads to the release 
of energy ? re a1999) 


A-—o 


Fig. 1.05 
Ans.(a) For process Y 2 Z: 
Binding energy before decay = 60 x 8-5 = 510 MeV 
Binding energy after decay = 2 x (30 x 5-0) 
= 300 MeV 
(b) For process W > X + Z: 
Binding energy before decay = 120 x 7:5 = 900 MeV 
Binding energy after decay = 90 x 80+ 30x50 
= 870 MeV 
(c) For process W-2 Y: 
Binding energy before decay = 120 x 7:5 = 900 MeV 
Binding energy after decay = 2 x (60 x 8-5) 
= 1020 MeV 
(d) For process X > Y+Z: 
Binding energy before decay = 90 x 8-0 = 720 MeV 
Binding energy after decay = 60 x 8-5 + 30 x 5-0 
= 660 MeV 
Only the process (c) is accompanied with the increase in 
the binding energy. The larger the binding energy of the 
product nuclei formed, the larger would be the energy 
released. Hence, the process W > 2 Y leads to the release of 
the energy. 
ee 1.06. M; and Mprepresent the masses of 19Ne?° 
nucleus and 9Ca*onucleus respectively. State, whether 
M,=2M, or M, > 2M, or M,<2M,? 
(PS.S.C.E. 2001 ; L.I.T. 1998) 
Ans. Let m. be the mass of a proton and m,,, the mass of 
a neutron. Since some energy is required to bind a nucleus, 
the mass of a nucleus is always less than the mass of 
constituent nucleons. Therefore, 
M, < 10 (m, +.m,) and Mj <20 (m, + m,) 
Since the binding energy per nucleon of ca is more 
than that of Ne”, the difference oe — oe null will 


My =10 (ny + hh OH 
20 


be more than that of 


ie. M2 - 20(m, +m n) >So IMy ~ 10m, +Ny,)) 


1. Explain Rutherford’s experiment on the scattering of alpha 

particles and state the significance of the results. 
(C.B.S.E. 1996) 

2. Explain the observations and significance of Rutherford’s 
alpha particle scattering experiment. (PS.S.C.E. 1994) 

3. Discuss Rutherford’s experiment on scattering of alpha 
particles. What are its consequences? (P.S.S.C.E. 1996) 

4. Define ‘atomic number’ and “mass number’. Distinguish 
between isotopes and isobars. Give examples. 

5. Why is the density of the nucleus more than that of the 
atom ? Prove that the density of the nuclear matter is 
same for all nuclei. 


FREQUENTLY | 


1. Whatare nuclear forces ? Discuss the important properties. 

(E615. CE. 1999 S) 

2. Define binding energy. How does binding energy per nuc- 
leon vary with mass number ? What is its significance ? 

(H.S.S.C.E. 2001, 1998 S) 

3. Define binding energy of a nucleus. Draw a curve between 


Type A. On Size of nucleus 
1. Calculate the radius of oxygen nucleus. Given that 
Ro =,1;1.x,10-8m [Ans. 2-77 x 10-15 m] 
2. The radius of oxygen nucleus (,0!®) is 2-8 x 10-15 m 
Calculate the radius of the lead nucleus (Pb). 
[Ans. 6:55 x 10-5 m] 
Type B. On Nuclear density 


3. Compare the radii of two nuclei with mass numbers 1 and 
27 respectively. Also compare their nuclear densities. 


1 
(PS.S.C.E. 2001) | Ans. 37 1 


4. Calculate the density of hydrogen nucleus in SI units. 

Given, R, = 1-1 x 107 mand 1 a.m.u. = 1-66 x 10-7 kg. 
[Ans. 9:354.x 10!7 kg m3] 

Type C. On Mass defect and Binding energy 

5. The mass of ,Li7 nucleus is 0-042 a.m.u. less than the sum 
of masses of its nucleons. Find the binding energy per 
nucleon. [Ans. 5-586 MeV] 
6. Calculate the binding energy an alpha-particle. Given : 
mass of proton = 1:0073 a.m.u., mass of neutron = 1-0087 
a.m.u., mass of a-particle = 4-0015 a.m.u. (1.S.C.E. 1994) 
[Ans. 28-4 MeV] 


7. Calculate the binding energy pernucleon of ,,Cl®* nucleus. 
Given that mass of ol? nucleus = 34-98000 a.m.u., mass 
of proton = 1-007825 a.m.u., mass of neutron = 1-008665 


a.m.u. and 1 a.m.u. = 931 MeV. (C.B.S.E. 2002) 
[Ans. 8-2 MeV] 


8. Calculate the binding energy per nucleon of 5)Ca*® 
nucleus. Given mass of ssGa"? nucleus = 39:962589 a.m.u., 


mass of proton = 1-007825 a.m.u., mass of neutron = 
rast 1-008665 a.m.u. and 1 a.m.u. = 931 MeV. /(C.B.S.E. 2002) 
Ans. 8-55 MeV] 


FREQUENTLY ASKED Nt 


Carrying 3 Marks 
6. Explain any three properties of the nucleus. t 
(P.S:S!C3E! 2001;;1997;:S) 1997} 
7. Define atomic mass unit and electron volt. Derive the 
relation between them. (P.S.S.C.E. 2001) 
8. Define electron-volt and atomic mass unit. Calculate the 
energy in joule equivalent to the mass of one proton. 
(C.B.S.E. 1996) 
9. What do you mean by mass defect and packing fraction ? 
How do you account for mass defect ? 
10. What is meant by the binding energy of the nucleus ? 
How is it related to mass defect ? 


euning? § navies 


mass number and average binding energy. Give the salient 
features of the curve. (HSS C-E 41999) 


4. Define binding energy of a nucleus. Draw a curve between 
mass number and average binding energy. Disucss the 
(H.S.S.C.E. 2001) 


binding energy curve. 


For precios 
9. Calculate binding energy per nucleon of 5,F°°. Given : 
My (ogF°°) = 55-934939 a.m.u. ; m(neutron) = 1008665 a.m.u. ; 
m(proton) = 1-007825 a.m.u. (C.B.S.E. 2002, 1995) 
[Ans. 8-79 MeV] 
10. Calculate the binding energy per nucleon of 93Bi2%. 
Given, My (g3Bi2°?) = 208-980388 a.m.u.'; m(neutron) = 
1-008665 a.m.u. and m(proton) = 1-007825 a.m.u. 
(C.B.S.E. 1995) [Ans. 7-844 MeV] 
11. Calculate the () mass defect, (ii) binding energy and (iii) the 
binding energy per nucleon for a ,C? nucleus. Nuclear 
mass of ,C! = 12- 000000 a.m.u., mass of hydrogen 
nucleus = 1-007825 a.m.u. and mass of neutron = 1-008665 
a.m.u. 
[Ans. (i) 0: 09894 a.m.u. ; (ii) 92:1 MeV ; (iii) 7-675 MeV ] 
12. Calculate the binding energy of ,He*, ;,Cl°> and o6Fe™, if 
the masses of their respective nuclei are 4-002603 a.m.u. ; 
34-9800 a.m.u. and 55-934939 a.m.u. respectively. Also, 
calculate binding energy per nucleon in each case. 
(Text Problem) [Ans. 7:07 MeV, 8-22 MeV ; 8-79 MeV] 
13. The masses of ,,Fe5¢ and ¢4Bi209 nuclei are 55-934939 and 
208-980388 u respectively. Mass of a proton = 1-007825 u 
and mass of a neutron = 1-008665 u. Calculate the binding 
energies of these nuclei and show which nucleus is more 
stable. (H.P.S.S.C.E. 1996) 
[Ans. 492-0 MeV, 1639-38 MeV ; »,Fe°© is more stable] 


MISCELLANEOUS PROBLEMS 


14. What energyis needed to split an alpha particle to pieces ? 
Given mass of a-particle is 4-0039 a.m.u., mass of proton 
= 1-007825 a.m.u., mass of neutron = 1:008665 a.m.u. and 
1a.m.u. = 931 MeV. — (C.B.S.E. 1990) [Ans. 27-07 MeV] 

15. The neutron separation energy is defined to be the energy 
required to remove a neutron from a nucleus. Obtain the 


Q €lo9a 
from the a rollowing data : 


m,, = 1008665 a.m.u. ; m(,9Ca*) = 39-962591 a.m.u. ; _ 


/HINTS TO NUMERICAL PROBLE 


sd RieiRg Als = 11% 10-% x (16)1/5 = 1-1 «1058 x 2.52 


=2-:77x 105m 
For oxygen: 
Rie Ro Al/3 
soci eee iets 10 
3 Al3 (1 6) 1/3 9-52. 
=1-:11x107>m 
For lead: 


RSRAMSS V7 x 10-15 = (205) 79 
= 1-11 x 107! x 5-90 = 6-55 x 10°75 m 


i yeaeivice pra iyen 1 
EA, 27 3 


Nuclear density is independent of mass number and is 
same for all nuclei. Therefore, 


=1 
P2 
A(inkg) _ A(inkg) 
4/3xaR°> 4/3X2R° A 


a AX1:66x 1077” 
4/3xax(1-1x10 *)3xA 

= 9-354 x 1017 kg m> 

BE. _ Amx 931 _ 0:042x931_. ary 

A A 7 

B.E.=[(2m, +2 mp) — m(He*)] x 931 
= [2 x 1-0087 + 2 x 1.0073 - 4-0015] x 931 
= 28-4 MeV 


if COO 
VNC lant 
sf sd 0} Deny Ois ROMP se MOTH si 


dO eva!) mom moduen 6 svoren of he'tnpo 


10. 
11. 


12. 


13. 


14. 
15. 


and gl) = 226: 981541 a.m.u. 
[Ans. 836 MeV , 13-06 MeV] 


(Text Problem) 


Proceeding as in problem no. 6, it can be obtained that 
B.E. = 286-89 MeV 


2 Balle 272 8-2 MeV 
A 35 

Proceed as in problem no. 7. 

Proceed as in problem no. 7. 

Proceed as in problem no. 7. 

Am = (6 m,, + 6 m,) — m(,C?) 
= (6x L 008665 + 6 x 1-007825) — 12-000000 
= 0-09894 a.m.u. 

B.E. = Am x 931 = 0-09894 x 931 = 92:1 MeV 


, BEL 92'* - 7.675 MeV 
A 12 


Take m,, = 1-008665 a.m.u., m, = 1-007825 a.m.u. and 
proueeds as in problem no. 7. 
By proceeding as in problem no. 7, find B.E. of oeFe® and 


g3Bi2? and then their a ._ As ae of »,Fe® is greater 


than that of peel nF”? is more stable. 
Energy needed to split an a-particle is equal to its B.E. 


For 5 9Ca* nucleus : 
Neutron separation energy 


= | r(9Ca®?) + 24} — m(g9Ca‘")] x 931 


= [(39- 962591 + 1- 008665) — 40- 962278] x 931 


= 8:36 MeV 
Similarly, find neutron separation energy of pA nucleus. 
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Ml 2.01. NATURAL RADIOACTIVITY 

Natural radioactivity was discovered by Henri Becquerel in 1896. He found 
that a photographic plate gets blackened, when placed near double sulphates of 
potassium and uranium. Further observations in this respect led Becquerel to the 
conclusion that uranium emitted special kind of rays and such rays were called 
Becquerel rays. Pierre and Marrie Curie found that the radiation from pitchblende 
was four times stronger than uranium. This led to an intensive search for the source 
of stronger radiation. Finally, in 1898 they succeeded in discovering two new 
substances which they named polonium (,,Po0210) and radium (g.Ra?26). 

The spontaneous transformation of an element into another with the emission of 
some particle (or particles) or electromagnetic radiation is called natural radioactivity. 

The substances capable of emitting radiations are called radioactive substances. 
As a rule, radioactivity is displayed by the heavy nuclei occurring at the end of the 
periodic table beyond lead. 

Mag 2.02. NUCLEAR RADIATION 

Two years after the discovery of radioactivity in 1828, Earnest Rutherford 
engaged himself in measuring the intensity of the radiation emitted by a radioactive 
substance. The experimental arrangement made was as follows : 

A radioactive substance was placed at a fixed distance from the detector. Foils 
of increasing thickness were placed between the radioactive substance and the 
detector, starting with very thin foils of paper and then aluminium foils. A graph 
between thickness of the foil and the intensity of radiation was plotted. The graph 
obtained was as shown in Fig. 2.01. The resulting curve shows three distinct 
portions : 

(i) The portion AB of the curve represents the quick absorption of one 
component of the radiation which is less penetrating. This component was called 
a-rays. 

(ii) After a particular thickness of foil, the a-rays get absorbed and along BC, 
the curve does not fall off with distance quickly. It, therefore, represents the 
absorption of a penetrating component of the radiation, which was called f- rays. 

(iii) Asimilar change takes place along CD showing the absorption of the third 
component of the radiation. Since the fall of curve with distance is very slow in this 
part of the graph, it corresponds to a highly penetrating component of the radiation. 
This component was given the name y-rays. 

In 1899, Rutherford analysed the radiation emitted by radioactive substances 
by studying the action of electric and magnetic fields on them. A small quantity of 
a radioactive substance is placed in a deep cavity made in a thick block of lead. The 
radiation striking the walls of the cavity are absorbed, while the remaining portion 
of the radiation is rendered into a narrow and a parallel beam. The lead cavity 
containing the radioactive substance is placed in an evacuated enclosure. A strong 
electric field is applied to the radiation beam by placing two charged parallel plates 
on either side of the beam [Fig. 2.02]. It is found that a part of the beam bends towards 
the negative plate through a small amount, thereby showing that they consist of 


heavy positively charged particles, called a-particles. Another part of the beam. 
bends towards positive plate through a large amount and hence must be consisting __ 
of light and negatively charged particles, called -particles. However, the remaining ,_ 


part of the beam goes straight without being affected by the electric field. They were 
given the name gamma-rays (y-rays) and were fo 
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Quotable Quote 


“Whatever nature has in store for man- 
kind, unpleasant as it may be, men must 
accept, for ignorance is never better than 
knowledge.” — Enrico Fermi 
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The word ray can be used to describe 
radiated particles as particles as well as 
photons of electromagnetic radiation ! 


Geiger counters are best for detecting a 
and B-rays. They are less efficient for 
detecting y-rays due to the high pene- 
trating and low ionizing powers ofy-rays. 
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biso be determined by pa dehy ddehetic field perpendicular to their path. Fig. 2.03 
shows the deflection in the path of the radiation, when a strong magnetic field is 
applied perpendicular to the plane of the paper and in the inward direction. The 
application of the Fleming’s left hand rule tells that the component which is deflected 
towards left consists of positively charged particles while the one deflected towards 
the right consists of negatively charged particles, recognised as a-rays and f-rays 
respectively. The third componenti.e. y-rays, however, remains undeflected showing 
that they do not have any charge. 
Properties of a-rays. 1. @-particles have been identified as helium nuclei (atoms 
of helium that have lost two orbital electrons). Thus a-particles carry double the 
positive charge of proton and are four times as heavy. 
2. The velocity of a-particles ranges from 1-4 x 107 ms™! to 2-05 x 107 ms“! 
depending upon the radioactive substance emitting them. In other words, energy 
of a-particles emitted from radioactive substance varies from 4-19 to 6:78 MeV. 
3. Althougha-particles possess large amount of energy, they are the least pene- 
trating of the three types of rays. This is because they are massive particles and hence 
are easily stopped by an aluminium sheet only 0-02 mm thick or even by an ordinary 
sheet of paper. 
4. They have unusually great ionising power. Each a-particle produces 
thousands of ions before being absorbed. 
5. At normal pressure in air, the range of a-particles varies from 3 to 8 cm 
depending on the initial kinetic energy of the particles. 
6. a-particles produce fluroscence in substances like zinc sulphide and barium 
platinocyanide. 
7. a-particles are deflected by electric and magnetic fields. 
8. a-particles affect a photographic plate. 
9. a-particles, while passing through metal foils, get scattered. 
10. They can produce artificial radioactivity in certain elements and can Joe 
nuclear reactions. 
Properties of /-rays. 1. 6-particles have been found to be streams of eerene 
2. The velocity of 6-particles ranges from 33% to 99-8% of the velocity of light. 
These are the swiftest material particles known in physics. Although the velocities 
of these particles are enormous, their average energy is only 2 to 3 MeV, because of 
their extremely small mass. 
3. B-particles can easily pass through a few millimetre thick aluminium sheets. 
4. They can produce ionization in gases, but their ionizing power is quite small 
as compared to that of @-particles. 
5. The range of f-particles in air is several metres. 
6. They can also produce fluorescence in materials like zinc sulphide and 
barium platinocyanide. 
7. B-particles are deflected by electric and magnetic fields. 
8. They can affect a photographic plate. 
9. They can produce artificial radioactivity. 
Properties of y-rays. 1. y-rays are electromagnetic waves and have velocity 
equal to that of light. 
2. y-rays are highly penetrating. They can penetrate through several centi- 
metres thick iron and lead blocks. 
3. They have got small ionising power. 
4. They can produce fluorescence in a substance like willemite. 
5. They can affect a photographic plate. 
6. y-rays are not deflected by electric and magnetic fields. 
7. yxrays knock out electrons from the surface on which they fall. 
8. y-rays produce heating effect in the surface exposed to them. 
9. y-rays can produce‘nuclear reactions. 

10. In hospitals, hard y-rays are used in radio- ‘therapy. * 
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Key point 


a-particles are helium nuclei. 


Key point ae 
Electrons of nuclear origin are called 
f-particles. 

Self-test Question r 


Explain why (-particles have a higher 
charge to mass ratio than a@-particles. 


Key point a ae 
y-rays are high energy photons of electro- 


magnetic waves having extremely small 
wavelengths. 


2 ctemeereee me 


Rutherford and Soddy studied the phenomenon of gn in etal rs A 


formulated the following laws, known as the laws of radioactive decay : 


particular atom* in a given radioactive sample will undergo disintegration. 

2. When a radioactive atom disintegrates, either an a-particle (nucleus of helium) or 
a B-particle (electron) is emitted. 

The new atom so formed (called daughter atom) may emit a y-ray photon, in 
case the nucleus is left in excited state on emitting the a or £-particle. Further, both 
a and f-particles are never emitted simultaneously. It may also be pointed out that 
a radioactive atom can never emit more than one a-particle or f-particle at a time. 

3. The emission of ana-particle by a radioactive atom results in a daughter atom, whose 
atomic number is 2 units less and mass number is 4 units less than that of the parent atom. 

Due to a-decay, the transformation of the radioactive parent atom (7X4) into 
the daughter atom (,_,Y“~ 4) may be represented as below : 


4. The emission of aB-particle by a radioactive atom results in a daughter atom, whose 
atomic number is 1 unit more but mass number is same as that of the parent atom. 

Due to f-decay, the transformation of the parent atom (7X4) into the daughter 
atom (7,,Y4) may be represented as below : 

rm B-decay 
zX* ——> 741Y" 

5. The number of atoms disintegrating per second of a radioactive sample at any time 
is directly proportional to the number of atoms present at that time. The rate of 
disintegration of the sample cannot be altered by changing the external factors, such 
as pressure, temperature, etc. It is known as radioactive decay law. 

Consider that a radioactive sample contains N, atoms initially (t = 0). As the 
time elapses, the atoms of the sample decrease due to disintegration. Suppose that 
after time t, the number of the atoms reduce to N and after time f + dt, the number 
of atoms further decrease to N — dN. Obviously, in the time interval between t and 
t + dt i.e. equal to dt, the number of atoms decrease by N — (N - dN) i.e. dN. 

Therefore, rate of disintegration of atoms at time ft = - 

According to radioactive decay law, the rate of disintegration at any time t is 
directly proportional to the number of atoms present at time t i.e. 


or —=-AN, +(2.01) 


where the constant of proportionality A is called decay constant of the radioactive 
sample. It is also known as disintegration constant or transformation constant. Its 
value depends upon the nature of the radioactive sample. Further, the negative sign 
indicates that the number of the atoms of the sample decreases with the passage of 
time. 

From equation (2.01), we have 


aN =-Adt 
Integrating, we have 
J ANA ity fat 
N 
or log ,.N=-At+k, 8 .(2102) 


where k is constant of integration and it can be evaluated from the following 
boundary condition : 
When t=0,N=N, 
On setting t = 0 and N=N,, the eanaten (2.02) becomes 
log ,.N,=-Ax0+k 


chance or probability of disintegration. 
However, a radioactive nucleus may 
undergo disintegration next mome: 


f Watch RHAE ! 


All radioactive nculei have the se 


while some other may have to wait 
billions of years to decay ! 


or ve log , Ny Fen" 
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Substituting for k in equation (2. 02), we ‘get | EAE Ss “heen phir 
log ,N=-At+log,N, iB oritslt 
* It is better to say that the nucleus of anatonv undergoes disintegration. * is Of foneler flee forte volt # 
tIn fact, it is the rate of disintegration of the atoms in the time! interval betweemt and t #dticlis aired © “1162 OY 


or N=N,e7! ...(2.03) 

The equation (2.03) gives the number of atoms left after time ft. 

It follows that the number of atoms of a radioactive sample decreases 
xponentially with the passage of time. If we plot a graph between N (the number 
f atoms left behind at time ft) and the time t, the graph will be as shown in Fig. 2.04. 
‘iollowing inferences can be drawn from the graph : 

1. Since the decay of radioactive sample obeys exponential law, the os 
f atoms decreases rapidly in beginning and the rate of decay becomes slower and 
lower, as the number of atoms decrease with passage of time. 

2. The graph meets the time axis at infinity. Therefore, all the radioactive 
amples (irrespective of their nature) will always take infinite time to disintegrate 
ompletely. In this respect, all the radioactive samples seem to be identical. However, 
t is not true. Some radioactive substances are found to be more active than the 
thers. 

3. The slope of the graph i.e. rate of disintegration of a radioactive sample is 
letermined by the value of its decay constant. A radioactive sample having the larger 
ralue of decay constant A will decay rapidly and in that case the graph between N 
nd ¢ falls off rapidly with time. 


mag 2.04. RADIOACTIVE DECAY CONSTANT 
The decay constant of a radioactive sample is a characteristic of the radioactive 
ubstance. The radioactive substances having large value of the decay constant, 
lecay rapidly in comparison to those having a small value of decay constant. 
According to radioactive decay law, 
dN ~dN /dt 
Wty =-AN or A= at LA 
Hence, radioactive decay constant of a substance (radioactive) may be defined as the 
atio of its instantaneous rate of disintegration to the number of atoms present at that time. 
Again, N=N,e-4# 
1 


= 
If 7 


MEET AT « 


-1- 1 N 
then N=N,e 4=—N,=~—— =0-368N, 
e 2-718 
Hence, radioactive decay constant of a substance may also be defined as the reciprocal 
f the time, after which the number of atoms of a radioactive substance decreases to 0-368 


or 36-8%) of their number present initially. 
mag 2.05. HALF-LIFE 
The half-life of a radioactive substance is defined as the time during which the nuclei 
f half of the atoms of the radioactive substance will disintegrate. It is denoted by T. E 
Consider that a radioactive sample contains Ny atoms at time t = 0. Then, the Key point vo 
umber of atoms left behind after time t is given by The half-life of a radioactive substance 
N=N;, e734! (2.04) cannot be altered by any known method. 
From the definition of half- life, it follows that 
N 
when t = T (half-life of the sample), N = Font 
Setting the above condition in equation (2.04), we have 
N BAT. 


Self-test Question ? 
0=N,e 


Qetecinet _ The half-life of Rn??° is 55-5 s. Use 
equation (2.05) to show that beg pce! 


As Tall: 
e = eAT=9 constant for radon is 0-0125 s! 


or sy or 
or AT =log , 2 =2:303 log), 2 = 2-303 x 0-3010 = 0.693 


or Ni “" PAV sy) 


Thus, half-life of a radioactive substance is inversely proportional to its decay 
‘onstant and is a characteristic property of its nucleus. It cannot be altered by any 
cnown method. 
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Wag 2.06. MEAN-LIFE OR AVERAGE-LIFE 

The average-life of a radioactive substance is defined as the average time for which the 
nuclei of the atoms of the radioactive substance exist. It is denoted by T,. 

Obviously, the average-life of a radioactive sample may be calculated by finding 
the total life of all the atoms of the substance in a sample and then dividing it by 
the total number of atoms present in that sample. 

Consider that initially (t = 0), the number of atoms present in a sample of radio- 
active substance is N,. Suppose that at time t, the number of atoms reduces to N 
and at time t + dt, the number of atoms becomes N-dN. Obviously, each of the 
dN atoms disintegration during the time interval between t and ¢ + dt has lived for 
a time f. 

Therefore, the total life of dN atoms = t dN 

No 
and the total life of all the N, atoms = } tdN 


0 


No 
} tdN 
HED: ts N, /Aa 
Hence, the average-life of the radioactive sample*, T, =———— = 
No N, 
/ il 
or i. = ri ...(2.07) 


Thus, the average-life of a radioactive substance is equal to the reciprocal of 
its decay constant. From the equations (2.05) and (2.07), we have 
T = 0-693 T, ...(2.08) 
ie. half-life of a radioactive substance is equal to 0-693 times its average-life. 


MME 2.07. ACTIVITY OF RADIOACTIVE SUBSTANCE 
The activity of a radioactive substance may be defined as the rate at which the nuclei 
of its atoms in the sample disintegrate. 


If a radioactive sample contains N atoms at any time t, then its activity at time 
t is defined as 


ara MORE “ey point 


The negative sign shows that with the passage of time, the activity of the radio- 


active substance decreases. Lei decrease oath tes 

Since according to the radioactive decay law, BUEN ee 
ey 
dt 
the equation (2.09) may be expressed as 
R=AN . seh 2a LU) 
Since N = N, e~7!, we have 
¢ R=ANge-*! 

or RR, eal 


* It can be proved that } dictnt 1 
0 


“O. ivity OF 
| e equation (2.09) tells that the activity of a radioactive sample may be 
xpressed as disintegrations per second. The practical unit of activity of a radioactive 
ample is curie (ci). 
The activity of a radioactive sample is called one curie, if it undergoes 3-7 x 1 
isintegrations per second. Thus, 
1 curie (ci) = 3-7 x 10"° disintegrations s 
The millicurie (mci), one thousandth of a curie and microcurie (uci), equal to 
ne millionth of a curie are smaller units of radioactivity. Thus, 
1 millicurie (mci) = 3-7 x 10” disintegrations s+ 
1 microcurie (ci) = 3-7 x 10* disintegrations s! 
There is also another unit of radioactivity, called rutherford (rd). 
The activity of a radioactive sample is called one rutherford, if it undergoes 10° 
isintegrations per second. Thus, 
1 rutherford (rd) = 10° disintegrations s 
The smaller units in this case are millirutherford (mrd) and microrutherford 
urd). Thus, 
1 millirutherford (mrd) = 10° disintegrations s+ 
1 microrutherford ( prd) = 1 disintegration s 
It follows that 
1 curie (ci) = 3-7 x 10* rutherford 


m@ 2.08. ALPHA DECAY 

Nuclei that contain more than about 210 nucleons are so large that the short 
ange nuclear force holding them together becomes insufficient to counterbalance 
he long range electrostatic repulsive force between the protons. Such nuclei may 
chieve greater stability by emitting alpha particles. An a-particle has high value 
f binding energy (~ 28 MeV). Therefore, on emission of a-particle, the binding 
nergy per nucleon increases and the residual nucleus tends towards greater stability. 

In general, the a-decay can be represented as below : 

XP amo WANT Ait Het + E,, 

where E is the energy released in the process of a-decay. 

If my, my and my, represent the masses of parent nucleus X, daughter nucleus 
Y and the a-particle respectively, then the energy released is given by 

E = (my — my — my.) (2.13) 

The energy carried by thea-particle in the process of a-decay can be calculated 
»y applying principles of conservation of energy and momentum. Then, by taking 
he masses of parent nucleus X, daughter nucleus Y and the a-particle as A, A—4 
and 4 a.m.u. respectively, it can be proved that the kinetic energy of the a-particle 
is given by 


010 


..(2.12) 


A-4 
E,-= et E 
In the decay of g.Rn”, it is found that Q = 5-587 MeV 
Therefore, kinetic energy of the a-particle, 


22 8, 5 587° 5-486 MeV 
222 


...(2.14) 


a 


The value of kinetic energy of the a-particle is really found to be of the order 
of 4-9 MeV for various @-emitters. But the calculations tell that the nucleus of the 
a-emitter behaves as a potential barrier, which can be surmounted by an a-particle 
having energy of the order of 25 MeV. Classically, it is impossible to explain as to 
how an a-particle having insufficient energy will come out of the nucleus. 

In 1928, Gamow, Congdon and Gurney explained the emission of a-particles 
in terms of the penetration of the nuclear potential barrier on the basis of quantum 
theory as explained below : 

Ana-particle does not exist in the nucleus as such. But just at the time of emi- 
ssion, two protons and two neutrons combine to form an a-particle. The a-particle 
is constantly in motion inside the nucleus with a speed* of about 107 ms-!. Since 
size of the nucleus is about 10-!4 m, thea-particle takes about 10-2! s to move across 


a! Corresponding to the kinetic energy of a-particles in the decay of Rn 
a-particles is about 1-62 x 107 mst. 


Key point Bs 4 


In terms of activity, the equation (2.06) 
can be expressed as 


£60 


Self-test Question ? 


Show that 
1 curie = 3-7 x 104 rutherford 


Key point 

On the emission of an @-particle, binding 
energy per nucleon of the residual nucleus 
increases. It is because, though an a- 
particle consists small number of nucleons 
i.e. 4, its binding eneergy is quie large. 
Hence, by a-decay, a radioactive nucleus 
tends to become more stable. 


| 


Key point 
The energy of a-particles emitted by a 
radioactive substabce (a-emitter) has a 
unique value. 


| 
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Key point 

The nucleus of an @-emitter poses as a 
potential barrier of height several times 
the kinetic energy of an a-particle. On 
classical picture, an @-particle cannot 
come out of the nucleus. However, a- 
decay does occur through the process of 
tunneling of the nucleus, which is based 
on quantum mechanical considerations. 


———— ns 


_ the nucleus. In other words, a-particle presents itself again and again before the 

potential barrier about 107! times in a second. Quantum mechanically, even with 
insufficient kinetic energy, the a-particle has a very small but definite probability p 
of its crossing the potential barrier. But since the frequency of attempts v (= 1021 s-1) 
is very large, the probability of its escaping the potential barrier, 

P=pxyv 
becomes considerable and it penetrates the potential barrier. It is called tunneling 
of the nucleus. 
This is how the quantum theory explains the emission of @-particle from the 

nucleus, which otherwise has got insufficient energy to surmount the much higher 
nuclear potential barrier. 


mage 2.09. BETA DECAY 


A nucleus is usually unstable due to its low value of binding energy per 
nucleon. Another reason of the unstability of the nucleus is either a higher or a lower 
neutron to proton ratio than that for the stable nuclei. 

The -decay occurs in case of nuclei, which possess a higher value of neutron 
to proton ratio than that for the stable nuclei. The f-particle is an electron of nuclear 
origin. Since an electron does not exist inside the nucleus, it is assumed to be formed 
by the conversion of a neutron into a proton and electron. Since neutron number 
decreases by one and the proton number increases by one, /-decay helps to decrease 
the neutron to proton ratio. In the beginning, the creation of electron inside the 
nucleus was supposed to be according to the following equation : 


ot! — ,H! +_,° (2.15) 
Therefore, the 6-decay may be taking place according to the equation 
7X48 — 7 14 +_ 09+ Ey, .»-(2.16) 


where Ez is the energy with which f-particle is emitted. The calculations show 
that £-decay is energetically possible (Ez =+ve), only if mass of the parent atom 
(whose nucleus is 7X4) is greater than the mass of the daughter atom (whose 


nucleus is 7,,;Y). For example, ,,Bi7!° decays to g,Po?!® by emitting -particle of - 


energy 1-17 MeV i.e. 
g3Bi7!0—> ,,P070 + _je9 + 1-17 MeV 

From the above equation, it follows that in the f-decay of .,Bi?!°, the energy 
of the electrons should always be equal to 1-17 MeV. This is because according to 
the above decay scheme, electron is the only particle, which leaves the nucleus and 
it should carry whole of the energy. However, the energy of electrons in f-decay of 
g3Bi2!° is found to vary continuously between zero to maximum value 1-17 MeV, 
called end point energy as shown in Fig. 2.05. 


Further, if electron is created inside the nucleus in accordance with the equation ~ 


(2.15), then spin conservation principle is also violated as it is known that each of 
the three particles, i.e. neutron, proton and electron, possesses spin equal to 


> Thus, if B-decay takes place according to the equation (2.16), then 
(i) experimentally observed continuous energy spectrum of B-decay cannot 
be explained. 
(ii) spin conservation principle will be violated. 
These problems were overcome by Pauli in 1930. According to him, when a 
neutron disintegrates into a proton and electron, an uncharged particle of zero rest 


1 at 
mass (practically) and spin 3 called antineutrino (Y) ) is also produced. The decay 
of neutron takes place as given below : 
oth =-— > gH tie’ +7 2.17) 


The existence 0. neutrino was experimentally observed in 1956 by Reines and 
Cohean. 
Also, the transformation describing the $-decay will be as below : 
ZX" —9 gu" + _1e°+7+Eg ...(2.18) 
Thus, in B-decay, electron and antineutrino come out of the nucleus and share 
the end point energy of 6-emission in all proportions with each other, so that when 


antineutrino does not get any energy, all the energy is carried by the electron and 
in case antineutrino grabs whole of the energy, then electron is left without any 
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Watch out ! 

Classical physic 
believes in determinis yerfect 
nature from which everyth 
ultimately be predicted. Quant 
accepts uncertainity. 
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Key point y 


The particle neutrino was postulated in 
order to explain the continuous energy 
spectrum of $-decay and to keep the spin 
conservation principle intact. = 


Key point ry, 


conservation principle intact. 
mmm 2.10. GAMMA DECAY 

We know that in an atom electrons revolve in different shells around the nucleus 
associated with definite amount of energy. These are called atomic energy levels and 
transitions between these energy levels account for the emission of visible and X- 
ray spectra. It has been investigated that similar energy states called nuclear energy 
levels exist inside the atomic nuclei. The transitions between two nuclear energy 
levels also result in the emission of energy. The frequency of the energy emitted in 
nuclear transitions falls in y-ray region. 

During radioactive decay, the emission of @ or B-particles usually leaves the 
residual nucleus in an excited state, which is found to go to some other excited state 
or ground state by the emission of y-rays, whose energy is equal to the difference 
of energy between the two nuclear energy levels. For example, it is found that in 
the decay of »,Co™, the emission of B-particle is immediately followed by emission 
of y-ray photons of energy 1-17 MeV and 1- 33 MeV [Fig. 2-06]. The usual B-decay 
of »7Co® into »,Ni®? may be written as 

a7 0 —> opNiM +48 

The asterisk mark (*) on the symbol for nickel indicates that itis leftin an excited 
state having energy greater than that of the ground state. The excited nucleus of 
nickel comes to ground state by first emitting y-ray of energy 1-17 MeV and then of 
energy 1-33 MeV. Thus, transition from excited state to ground state may be 
represented by 

ogNi%* — ngNi™ + E 

By studying the energies of the y-rays emitted, the energy levels of a nucleus 

can be obtained. 


gum 2.11. ARTIFICIAL RADIOACTIVITY 

Apart from naturally occurring radioactive substance, the radioactivity can also 
be induced by artificial means through nuclear transmission. The phenomenon of 
artificial radioactivity was discovered by Joliot and Curie, when they bombarded 
aluminium with a-particles obtained from polonium. They found that even when 
the source of a-radiations was removed, the aluminium piece continued giving off 
some type of radiation. Further investigations revealed that the radiation consisted 
of positrons. Also, it was found that the rate of emission of the radiation was found 
to decrease exponentially as is the case with natural radioactivity. Hence the 
phenomenon was termed as artificial radioactivity. The nuclear transformation in 
the above described case proceeds as follows : 


The half-life period of radioactive phosphorus is found to be 2-2 minutes. Soon, 
other scientists started investigations and found that not only the a-particles but 
other projectiles like proton, deutrons and even neutrons can induce artificial 
radioactivity. 
gam 2.12. RADIO ISOTOPES 

The isotopes of an element, capable of emitting radiation just as radioactive elements 
do, are called radioisotopes. 

Usually, the radioisotopes are artificially produced. For example, idee 
are radioisotopes of <C!2 ; and ,,Na”* and ,,Na* are radioisotopes of Na”. The 
chemical properties of the radioisotopes of an element are same and they differ only 
in their atomic weights. A few common radioisotopes are Iodine-131, Phosphorus- 
33, Carbon-14, Cobalt-60, Sulphur-35 and Sodium-24. The half lives of radioisotopes 
are usually small. A large number of radioisotopes are produced by (n —y) reaction. 
Such reactions are achieved by bombarding stable nuclides with slow neutrons. 
Following are a few examples : 

wm es ny ot! tite eis +y 
Here, Sg is radioisotope of iodine. 
970”? + git! —> 97,Co™ + y 
15P21 + ni — j5P* + 7 


X-rays are high-energy photons, like 
-y-tays. The only difference between the 
two is the way in which they are pro- 
duced. X-rays are emitted by the excited 
atoms, whereas y-rays are emitted by the 


excited nuclei. 
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‘The energy of y-rays emitted by a radio- 
active substance can have unique and 


‘discrete values. 


Radioisotope of carbon 1.e. ;C’™* is continuously p in the atmosphere 

due to neutrons in cesmic rays bombarding nitrogen nuclei : 
oN4 + (n!—> ,C™ + ,H! 

There are many other nuclear reactions which lead to the production of radio- 
isotopes. 

Radioisotopes have proved to be of great use in a number of fields and are 
produced ona large scale these days. Before studying the other uses of radioisotopes, 
it is necessary to understand their use as tracers. , 

Tracer. The use of radioisotopes as tracers has provided solution to many 
problems, particularly those connected with the life processes : 

During the intake of different elements and compounds, the biological 
organisms absorb them differently. Further, the exact distribution of the elements 
and their function in the various parts of the organisms cannot be known clearly. 
In tracer technique, a radioisotope is made to enter the organism along with the 
elements and compounds, whose absorption, functioning and distribution to other 
parts of the organism is to be studied. The radioisotope acts as a tag or a label for 
the element or compound under study. By detecting the radiation emitted by the 
radioactive isotope from the different parts of the body, the details regarding the 
absorption and function of the compounds by the organism are found out. 

Uses of radioisotopes. The radioisotopes have been used successfully for 
research in fields of biology, physiology, chemistry, physics, agriculture and other 
sciences in addition to industry. Following are a few broad uses of radioisotopes 
in different fields : 

1. In medical science. The radioisotopes have been used to study the deficiency 
of red blood cells in human body (by using Iron-59), pumping action of heart (by 
using Sodium-24 and Iodine-131), functioning of organs like kidney, liver under 
normal and diseased conditions (by using Iodine-131). Radioisotopes have been used 
to detect brain tumours and relieve the patient from severe heart pain. Further, 
Cobalt-60 and Gold-198 are used for the treatment of the cancer, Phosphorus-32 for 
skin diseases and Jodine-131 for the treatment of thyroid gland. 

2. In agriculture. The radioisotopes are used to study the function of fertilisers 
for different plants. They have also been used for developing new species of a plant 
by causing genetic mutations. 

3. In industry. The radioisotopes are used to study wear and tear of piston rings 
and of gears in engines and then in the study of suitable lubricant for their 
prevention. They have been used to study the underlying earth layers during oil- 
exploration operations. They are also used to detect flaws in metal structure and 
for different treatments of alloys such as quenching, annealing and case hardening. 
They are used for uniform mixing of lubricants and greases. 

4. In nuclear research. Radioisotopes have been used in the study of nuclear 
disintegration of elements. 

5. In food preservation. By exposing the vegetables and other food-stuffs to 
radiations from radioisotopes, their shelf-life can be increased. 

6. In radioactive dating. Carbon-14 has been used for dating the culture history 
or for estimating the age* of some geological formation. 


ME 2.13. RADIOACTIVE DATING 

An interesting practical application of radioactivity has been developed in 
recent years in the shape of estimating the age of earth, old rocks, deep sea sediments 
and other geological formations. This method was first developed by Rutherford 
and Jolly in 1913. 

Uranium-lead dating is used to know the age of earth, while carbon dating is 
used to estimate the time that has elapsed after the death of a once living organism. 
The real secret of dating the age of earth or some geological formation lies in the 
fact that radioactive isotopes have got very long half lives as compared to that of 
their decay products, till stable element is formed. 

Radioactive carbon dating. Carbon-14 has been used for dating the cultural 
history or for estimating the age of some geological formation. 

The isotope of carbon ,C'* has got a half life of 5568 years and is produced in 
the atmosphere by bombardment of ,N"4 nuclei by neutrons in cosmic rays. Living 
plants and animals absorb carbon in themselves from the carbon dioxide they take 


*For details, refer to section 2-13-Radioactive dating. 
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sphere. cti tope ,C!4 is found in living plants an 
als in the same proportion as it is found in the atmosphere. But when an 
organism dies, the intake of <C'4 stops and the <C'4 already depcsited decays, with 
a half life of 5568 years. 

Suppose that the number of ,C!* atoms in an organism was N,, when it met its 
death at timet =0. Todayi.e. after a timet after its death, the remains of that once living 
organism are found to contain the atoms of <ci#and,C!? equal to say N,4and Nj, 
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respectively. Obviously, the present number of Cc!” atoms together with the number 
of C4 atoms must be equal to No, the number «C'4 atoms present att = 0i.e. 
Ny =Njyo+ Nig a(2.19) 
According to radioactive decay law, we have 
ey iin pas el ..(2.20) 


where / is decay constant of ¢C! nuclei. From equations (2.19) and (2.20), we have 


Nyg= (Nyy + Nyq) e*! 


or ett Ni, y or ra bog, [NB] 
Ni A Ni 
a t= a oe ri 7 Self-test Question : 
a Carbon-14 dating is only accurate for 


Now, value of decay Constant ,C!4, 
= 229 =~ 1.24510 year! 


organic objects between 200 and 10,000 
years old. Why ? 


and by measuring the ratio of ,C'* and <C'? in the remains of the once living 
organisms, one can calculate how long ago it died. The ratio carbon technique has 
been of great value in the research and dating of archeological specimens. 


Now, value of decay constant for 33 
= WES =1-245x 10+ year | 
5568 


and by measuring the ratio of Ole and Cl in the remains of the once living 
organism, one can calculate how long ago it died. The radio carbon technique has 
been of great value in the research and dating of archeological specimens. 


SOLVED NUMERICAL PROBLEMS 


Type A. On Radioactive decay law and Half life 


Problem 2.01. After a certain lapse of time, the fraction 
of radioactive polonium undecayed is found to be 12-5 % 
of the initial quantity. What is the duration of this time 
lapse, if the half life of polonium is 138 days ? 

(C.B.S.E. Sample Q. Paper) 

Sol. Here, half life, T = 138 days 

al 0-693 0-693 


Therefore, 5 ae ETS 
T ME tH i35 
= 5-022 x 10° day"! 
Also N 219.5% 2 2? =0.125 
N, 100 
Let t be the required time. Then, 
Noes 
N, 
or 0-125 = 5502210 t 
502x10+___} 
e =—— =8 
r 0-12 
or 5-022 x 10 t = log ,8 = 2:303 x 0-9031 = 2:08 
or = augllEse = 414-18 days 
5-022x 107 


Problem 2.02. The half-life of U?3* against alpha decay 
is 1-42 x 102” s. How many disintegrations per second occur 
in 1g of U738? Given, Avogadro number = 6-02 x 1023 mol". 

(I.S.C.E. 1993) 
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Sol. Here, T = 1-42 x 107!” s; 
Avogadro number = 6-02 x 1023 mol! 
Number of U8 atoms in 1 g, 


.02x1 23 
N= 6-02 x 10 = 2.53 x 102! 
238 
0-693 

Now, «busy ie 
or gp Sh aegis it NSE | 7 = 4:88x10°s 

vie 1-42x10 
Now, —~1N=4-88 x 10718 x 2-53 x 107! 


= 1-235 x 104s! 
Type B. On Activity of a Radioactive Substance 
Problem 2.03. In an experiment, the activity of 1-2 
milligram (mg) of radioactive potassium chloride (chloride 
of isotope K-40) was found to be 170 s-1. Taking molar mass 
of K-40CI to be 0-075 kg mole}, find the number of K-40 
atoms in the sample and hence find the half-life of K-40. 
Given, Avogadro number = 6-0 x 1073 mole. 
(i5,CE41997) 
Sol. Here, molar mass of K-40CI, M = 0-075 kg mole! 
mass of K-40C1 , m = 1-2 mg = 1-2 x 10° kg 
Since 1 mole of a substance contains molecules equal to 
Avogadro number (= 6-0 x 1073), 
the number of atoms in the K-40CI sample, 


- 6-0x10" 
0-075 


x 1-2 x 10° = 9-6 x 1018 


If A is disintegration constant, then 


dN 
7 =AN or 170=A x9-6x 1018 
or Se 1-77 x10 
9-6x10 
Therefore, half life of the sample, 
oO eae oe st pie: 


APN Te 
= 1-241 x 10°years 

Problem 2.04. Biologically useful technetium nuclei 

(with atomic weight 99 ) have a half life of 6 hours. A 

solution containing 10-” gram of this is injected into the 

bladder of a patient. Find its activity at the beginning and 


after one hour. (Text Problem) 
Sol. Here, half life, T=6h 
0-693 0-693 
Therefore, =— = ——_ h 1 =0-1155 hr"! 
Now, number of technetium atoms in 107!2 g in the 
beginning, 
_ Avogadro number 10712 
atomic weight 
Pat 1023 x 10-12 
we BORE 110" eines wae 


99 
Activity of technetium nuclei in the beginning (t = 0), 
Ry =A Ny = 0-1155 x 6-086 x 10-9 


= 7:03 x 108 h 
Now, the number of atoms left after time t, 
N=Noe ~At 
t= Ph 


Here, 
< N = 6-086 x 10? e ~ 9:1155 x1 
= 6-086 x 10? x 0-891 = 5-423 x 10? 
Therefore, activity of technetium after 1 hour, 
R=AN =0-1155 x 5-423 x 10? 
= 6-264 x 108 h-! 
Problem 2.05. Calculate the half life period of a radio- 


1 
active substance, if its activity drops to — th of its initial 


value in 30 years. (C.B.S.E. 1998) 
Sol. Let R, and R be the values of initial (t = 0) and 
present (f = 30 years) activities of the radio-active sample. 


1 
Here, aiffe Rg; t = 30 years 
Now, ReiRget4i 
1 be 
7g Ro = Roe AX30 or 301 = 16 
log.16 2-3026log1 
aN ne OZ, or" 026 log 16 
30 30 
2-302 -204 
ce —e =0-0924 year! 
If T is half life period, then 
7 0693 _ 0-693 ne 
A "UF 09R4) 2) sahmun 
Type C. Ona, f andy-decays 


Problem 2.06. The nucleus of ,,U?*® is unstable 
against a-decay with a half life of about 4-5 x 10° years. 


y, 852_ger 5 


mass of ,,U238 atom = 238-05081 a.m.u. ; mass of »Het 
atom = 4-00260 a.m.u. ; mass of 9,Th734 atom = 234-04363 


a.m.u. (Text Problem) 

Sol. The a-decay of 4,U**8 may be represented as 
where E,, is the kinetic energy of the emittted a-particle. 

If my, (g9U*®), myj(ggTh”*4) and m),(,He*) are masses of 
92U?8, 4, Th4 and ,He! nuclei respectively, then 

By, = Uy .U**) — myjlogTh™) — my Hey] 

x 931-5 MeV _...(i) 

If Wily UT), mg Th?4) and m(,He?) represent masses 
Of ..U> ergs Tn and jHe?* atoms, then equation (i) may be 
expressed as 

E,, = [{m(g,U”8) — 92 m,} — {mg Th?) — 90 m,} 

—{ m(,He*) — 2 m,}] x 931-5 
= [m(g,U°8) — m(g,Th?4) — m(,He*)] x 931.5 
= [238-05081 — 234-04363 — 4-00260] x 931-5 
= 0-00458 x 931-5 = 4-27 MeV 

This energy is shared by ,,Th**4 and a-particle. Since 
a-particle is quite lighter, most of the energy released is 
carried by the a-particle. 

Problem 2.07. The nucleus Ne*? decays by f-emission. 
Write down the £-decay equation and determine the 
maximum kinetic energy of the electron emitted from the 
following data : mass of ,)Ne?> atom = 22-994466 a.m.u. ; 
mass of ,,Na” atom = 22-989770 a.m.u. (Text Problem) 

Sol. The B-decay of Ne”? may be represented as 


1oNe* —> ;Na*? + _,e° +0 +Eg, 
where E, is the maximum kinetic energy of the emitted f- 
particle. 


Suppose the m,(,,Ne”%) and im,,(,,;Na?9) represent the 
masses of ;,Ne?? and ,,Na?? nuclei respectively. Then 


ignoring the mass of v, we have 
Eg = [mpy(gNe*) — myj(,,Na”3) - m,] x 931-5 MeV ay 
wi 

If m(, Ne?) and m(,,Na?) represent the masses of 
,oNe”? and ,,Na”? atoms respectively, then equation (i) may 
be expressed as 

Eg = [{m(,gNe*) — 10 m,} - {m(,,Na*) - 11 m,}-'m, ] 

x 931-5 
= [m(, Ne?) — m(,,Na?9)] x 931-5 
= [22-994466 — 22-989770] x 931-5 = 4-374 MeV 

The energy released is shared by ;,Na” nucleus and the 
electron and neutrino pair released. As electron-neutrino pair 
is much lighter than the ;,Na” nucleus, practically whole of 
the energy released is carried by electron-neutrino pair. When 
neutrino gets zero energy, the electron will carry the 
maximum energy. Therefore, maximum kinetic energy of 
electron emitted is 4-374 MeV. 

Problem 2.08. Obtain the maximum kinetic energy of 
-particles and the radiation frequencies corresponding to 
y-decays in the decay scheme shown in Fig. 2.08 given 
below. You are given that 

mass of Au! atom = 197-968233 a.m.u., 

mass of Hg! atom = 197-966760 a.m.u. (Text Problem) 


By 
1088 MeV 
¥3 
v4 
Fie | 0412 MeV 
198 
solg 0 
Fig. 2.08 


Sol. Here, E, =0; 
E, = 0-412 MeV = 0-412 x 1-6 x 10° J; 
E, = 1-088 MeV = 1-088 x 1-6 x 10° 9J 
If v,, v, and v, are frequencies of the y-ray photons y,, 
, and 3 respectively, then 
E,-E, _ 1-088x1-6x10 ?—0 


Vy = 
h 6162x100" 
= 2-63 x 1079 st 
are AL! 0-412x1-6x10 8-0 
b. — = = 
h 662x104 
= 9-96 x 10°9 gs“! 
E,-E 
and v3 = nr aa 


RS 
Garrvien 2.09. The normal activity of living carbon- 

containing matter is found to be about 15 decays per 
minute for every gram of carbon. This activity arises from 
the small proportion of radioactive C}4 present with the 
ordinary carbon isotope C!2. When the organism is dead, its 
interaction with the atmosphere ( which maintains the 
above equilibrium activity ) ceases and its activity begins 
to drop. From the known half life ( = 5730 years ) of Cc and 
the measured activity, the age of the specimen can be 
approximately estimated. This is the principle of c!4 dating 
used in archaeology.* 

Suppose a specimen from Mohenjodaro gives an 
activity of 9 decays per minute per gram of carbon. Estimate 
the approximate age of the Indus valley civilization. 

(Text Problem) 

Sol. Suppose that the number of Cc atoms per gram 
were N, at t = 0 (initially), when its activity was 15 decays 
per minute per gram. Today, i.e. after time f (age of the once 


Q. 2.01. What do you mean by radioactive substance ? 

Ans. A radioactive substance is one, whose atoms have 
unstable nuclei. The nuclei of radioactive substances emit @, 
B and y-rays. 
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6-62 10> 
= 1-63 x 1079s 
The emission of 6, decay may be represented as : 
po Aut? —> gH! + _ye° + E(B7) + E (11), 
where E (y,) = E, — E, = 1-088 — 0 = 1-088 MeV 
If My (gu?) and rslaton) represent masses of 
ponuls and ares nuclei respectively, then 
E(B) = [ry (7g Au'®) — my (goHg') — Me] 
x 931-5 — E(74), 
...(i) 
If m(z Au!) and m(,)Hg!?°) represent masses of 
7gAu!8 and aoligt> atoms respectively, then equation 
(i) may be expressed as 
E(B] ) =[lrm(79 Au'”®)— 79 m,} 
~ {mm gg Hg!*) — 80 m,}—m,] x 931-5 — 1-088 
= [m(,,Au!) — m(ggHg'?®)] x 931-5 — 1-088 
= (197-968233 — 197-966760) x 931-5 — 1-088 
= 1.372 — 1.088 = 0-284 MeV 
The emission of B> decay may be represented as : 
Au!® —» ggg’? + _1e° + E(B) + E(72) 
As in cse of Bj decay, it can be found that 
E (B>) = [any Au!?®) — m( go Hg!” )1 x 931-5 —E (v2) 
= 1-372 — 0-412 = 0-960 MeV 


living organism), the number of C!4 atom per gram left is N 
and it shows an activity of 9 decays per minute per gram. 
Now, activity of a radioactive substance is given by 


Re R, crt 
Here, Rp = 15 decays min-! ; R = 9 decays min! 
9=15e-4# 


15 
or arbaaes = 1-6667 


or 1 t = log , 1-6667 = 2-303 logy 1:6667 
= 2-303 x 0:2219 = 0:5110 


= Pi 0-5110 
pd 
0-693 0-693 
Now, decay constant, A =—_— = =, ear! 
T 5730 
0-5110 x 5730 
—— > = 4225-15 years 


0-693 


Q. 2.02. Name two radioactive elements, which are not 
found in observable quantities in nature. Why is it so ? 
(C.B.S.E. 1996 S) 


* The example is artificial, meant only to give you practice with the principle of the Cc! dating method. 


Ans. Plutonium and tritium are two rad 
elements, which are not found in observable quantities in 
nature. It is because of their very small values of half lives. 

Q. 2.03. Among alpha, beta and gamma radiations, 
which are the ones affected by a magnetic field ? 

Wisi. 1996) 

Ans. Alpha and beta radiations are affected by the 
magnetic field. 

Q. 2.04. Which has greater ionising power : alpha 
particle or beta particle ? (C.B.S.E. 1996) 

Ans. Alpha particle. 

Q. 2.05. Why do alpha particles have a high ionising 
power ? (C.B.S.E. 1998 S) 

Ans. Being massive and of large nuclear cross-section, 
a-particle possesses high ionising power. 

Q. 2.06. “All radioactive substances seem to be iden- 
tical.” Comment. 

Ans. A radioactive sample requires infinite time to 
disintegrate completely and in this sense, all the radioactive 
substances are identical. 

Q. 2.07. Define rz tioactive decay constant. 

PS S.C EF. 1999 S) 

Ans. The decay constant of a radioactive substance is 
defined as the reciprocal of that time in which the number of 


atoms of the substance become “th of the atoms present 
initially. ne 

Q. 2.08. Explain, why it is not possible to define the 
total life of a radioactive substance. 

Ans. The radioactivity is a spontaneous phenomenon 
and obeys the law of chance only. Therefore, as the nucleus 
of an atom can have any value of total life (between zero to 
infinity), it is not possible to define the total life of a 
radioactive substance. ’ 

Q. 2.09. Define half life of a radioactive material. 

(H.P.S.S.C.E. 2001 ; P.S.S.C.E. 1999:; H.S.S.C.E. 1998 § ; 

C.B.S.E. 2002, 1992, 1991) 

Ans. Refer to section 2.17. 

Q. 210. The half life of ,C' is 5700 years. What does it 
mean ? 

Ans. The nuclei of one half of the ,C!4 atoms will 
undergo disintegration in 5700 years 

Q. 2.11. Give the relation between “half life’ and 
disintegration constant of a radioactive material. 

@.S.C.E. 1998) 

Ans. Relation between half life and decay constant : 


-69 
72 693 


Q. 2.12. Plutonium decays with a half life of 24,000 
years. If plutonium is stored for 72,000 years, what fraction 
of it remains ? (C.B.S.E. 1994) 

Ans. Here, T = 24,000 years ; t = 72,000 years 


72000 
me a). “Caden “(3) 38 
No \2 2 2 8 


Q. 2.13. A radioisotope of silver has half-life of 20 
minutes. What fraction of the original mass would remain 
after one hour ? G@S,C.E%1993) 


Now, 


fp 
} 


o 


60 
nila) ea aoe 
No 2 2 2 8 
Q. 2.14. A certain radioactive substance has a half-life 


period of 30 days. What is the disintegration constant ? 
(H.PS.S.C.E. 199% 


Now, 


Ans. Here, T = 30 days 
Now, disintegration constant, 
_ 0-693... 0.693 “4 
A x aaa 0-0231 day 
Q. 2.15. Define average life of a radioactive substance. 
(PS.S.C.E. 1999 Sf 
Ans. Refer to section 2.18. “- 
Q. 2.16. Write down expression relating half life of a 
radioactive element to its average life. 
Ans. Half life = 0-693 x average life . 
Q. 2.17. What is meant by the activity of a radioactive 
material ? (I.S.C.E. 1997 
Ans. The activity of a radioactive substance is defined as the 
rate at which the nuclei of its atoms in the sample disintegrate. 
Thus, ' 


‘dN 
activity of a substance, R = — a 


Q. 2.18. Does the activity of a radioactive element 
depend on external physical conditions ? 

Ans. No. 

Q. 2.19. Write down the value of one millicurie in te 
of rutherford. 

Ans. 1 millicurie = 3-7 x 107 disintegrations s“! and 1 
rutherford = 10° disintegrations s~ 

1 millicurie = 37 rutherford , 

Q. 2.20. A radioactive substance having N nuclei has 

activity A. Write down an expression for its half-life in 


terms of A and N. (.S.C.E. 1997) 
‘ 0-693 
Ans. Half life, = poy 
R 
But R=Nd Vics oe 
u By N 
T = 0-693 x — 
“R 


Q. 2.21. Write a general-equation that represents beta 
emission. (P.5.5.C.E. Joga) 

Ans. General equation for f-decay : 

ikon en eared ake uae Ep 

Q. 2.22. What is the difference between an electron and 
a f-particle ? (PS.S.C.E. 1999 S) 

Ans. An electron and a #-particle are essentially the 
same. The electron of nuclear origin is called a -particle. 

Q. 2.23. Why is the energy variation of the electrons 
emitted during a beta decay continuous ?(C.B.S.E. 1998 S) 

Or 

Why is the energy distribution of beta rays conti- 
nuous ? (C.B.3.b. 1993) 

Ans. f-decay is the result of conversion of a neutron into 
a proton, electron and an antineutrino (¥) . Since the energy 
available in £-decay is shared by the electron and the anti- 
neutrino in all possible proportions as they come out of - 
nucleus ; the $-ray spectrum is continuous in nature. 


j 
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Q. 2.24. Why do all electrons emitted during beta decay 
yt have the same energy ? (C.B.S.E. 1996) 

Ans. Refer to VSQ 2.24. 

Q. 2.25. Why does a nucleus emit a y-ray photon ? 

Ans. During a or B-decay, the residual nucleus is some- 
mes left in the excited state. When the nucleus de-excites, 


Q. 2.01. State the difference between X-rays and y-rays.. 

Ans. Both X-rays and y-rays are electromagnetic waves. 
lowever, they differ in the following aspects : 

1. The wavelength of y-rays is very small as compared 
) that of X-rays. 

2. The penetrating power of y-rays is very high as 
ompared to that of X-rays. 

3. The origin of X-rays is due to atomic de-excitation, 
yhle the origin of y-rays is due to nuclear de-excitation. 

Q. 2.02. State laws of radioactivity. 

(H.S.S.C.E. 1996 ; Pre-degree Kerala, 1994) 

Ans. Refer to section 2.03. 

Q. 2.03. What are the characteristics of radioactivity ? 

Ans. Following are a few characteristics of radioactivity. 

1. It is a spontaneous phenomenon. 

2. It obeys exponential decay laws. 

3. The rate of radioactive disintegration of a substance 
annot be altered by changing the external factors, such as 
yressure, temperature, etc. 

Q. 2.04. Natural radioactive nuclei are nuclei of high 
nass number. Why ? 

Ans. The B.E./A of the nuclei of high mass number is 
small as compared to that of the stable nuclei. Also, neutron 
0 proton ratio of the nuclei of high mass number is different 
rom that for stable nuclei. Such nuclei undergo radioactive 
decay so as to attain greater value of B.E./A and also to 
acquire the proper neutron to proton ratio. 

Q. 2.05. Why heavy stable nuclei must contain more 
neutrons than protons ? 

Ans. The heavy nuclei tend to become unstable due to 
large number of protons inside it. For heavy nuclei to be 
stable, the electrostatic repulsive force between protons must 
be dominated by attractive nuclear force resulting from 
neutron-neutron, neutron-proton and proton-proton 
interactions. So that it can happen, number of neutrons must 
be greater than number of protons. 

Q. 2.06. Define the term “decay constant’ for a radio- 
active substance. Deduce the relation between decay 
constant and half life period. _ (C.B.S-E..1993) 

Ans. Decay constant. Refer to section 2.04. 

Relation between T and /. Refer to section 2.05. 

Q. 2.07. All the radioactive series terminate at lead as 
their final product. Explain, why. 

Ans. It is found that the half lives of the intermediate 
radioactive elements formed in any of the three radioactive 
series (uranium series, actinium series and thorium series) are 
very small as compared to the element at the head of the 
series. For this reason, all the radioactive series ultimately end 
into lead, the stable element. 

Q. 2.08. Two radioactive nuclei X and Y initially 
contain an equal number of atoms. Their half life is 1 hour 


859 


it emits energy. The energy emitted is found to be in y-ray 
region. 

Q. 2.26. What is a radioisotope ? 

Ans. The isotope of an element capable of emitting 
radiations like a radioactive substance is called a radioisotope. 
Usually, radioisotopes are artificially produced. 


F REQUENTLY ASKED SHORT ANSWER @.UESTIONS 
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and 2 hours respectively. Calculate the ratio of their rates 
of disintegration after two hours. (C.B.S.E. 2002) 
Ans. Here, half life of sample X, T; = 1 h 
and half life of sample Y, T, = 2h 
Let N be the number of atoms of each of the two samples 


N 
initially. Thus number of atoms of sampel X after 2 h,N,= a 


and number of atoms of sample Y after 2h, N> = ~ 


Let R, and R, be their rates of disintegration after 2 h. 
If A, and A, are their respective decay constant, then 


Ry _ AWN; _ EN (p72 
Rp AN2 TIN A 
_2xN/4 4 
cll SOND We 


Q. 2.09. The half life period of a radioactive substance 


3 
is 30 days. What is the time taken for 7 th of its orig) sal 


mass to disintegrate ? (C.B.S.E. 1999) 


N, —N Nee 
Ans. Here, T = 30 days ; — 2 Snitot —=— 
N, = N, 4 
If t is the required time, then 
N 1 t/T 1 t/30 1 1 t/30 1 2 
a een 
N ies 2 2 = y y 
= 2 t=60d 
302 or = ays 
1 
Q. 2.10. A radioactive substance decays to 32 th its 


initial activity in 25 days. Calculate its half life. 
(C.B.S.E, 1992) 


Ans. If T is the half life of the radioactive substance, then 


1 
Here, AY =— ;t=25 days 
[Pee 2 
1 (fons (Bp (4) 
ol bed or = =|= 
wk VN 2 M4 
25 % 
or a or T=25/5=5days . 


T 

Q. 2.11. What fraction of tritium will remain | 
undecayed after 25 years ? Given, half life is 12-5 years. 

(H.P.S.S.C.E. 1993) 


t/T N 
Ans. Now, N, = @ , where T is half life and N, is 


fraction of atoms left after time ft. 


25 


mas oe -(2) sa 
NYY 8 7 lie 


Q. 2.12. Define “disintegration constant’ and ‘mean 

life’ of a radioactive substance. Give the unit for each. 
(C.B.S.E. 1997) 

Ans. Disintegration constant. For definition, refer to 
section 2.04. 

lis unit is reciprocal of time i.e. s or year". 

Mean life. For definition, refer to section 2.06. Its unit 
is that of time i.e. s or year. 

Q. 2.13. Distinguish between half and average life of 
a radioactive substance. (P.S.S.C.E. 1998) 

Ans. Refer to sections 2.05 and 2.06. 

Q. 2.14. The half life period of radioactive element A 
is the same as the mean life time of another radioactive 
element B. Initially both of them have same number of 
atoms. The radioactive element B decays faster than A. 
Explain, why. (P.S.S.C.E. 2001) 

Ans. Let /, and 4, be decay constants of element A and 
B respectively. 


Then, Pacers or stl = 0-693 
A, Ag Ay 
Let N be the number of atoms of each of the two samples 
initially. If R, and R, are their rates of disintegration, then 
Ri’ 4QN aM. =0-693 
R> A»N A» 
Hence, R, is greater than R,. 
Q. 2.15. Define two units of radioactivity. How are they 
re} 1d? (P.S.S.C.E..1993) 
Ans. In radioactivity, curie and rutherford are two units 
used to measure activity of a radioactive substance. For 
definitions, refer to section 2.07. 
The two units are related to each other as below : 
1 curie = 3-7 x 104 rutherford 
Q. 2.16. In a radioactive decay, the nucleus emits ana- 
particle followed by two /-particles. Show that the final 
nucleus is an isotope of the original one. 
Ans. Let the original nucleus and final nucleus be 


represented as 7, x1 and 2 yA2 respectively. Then the 
given radioactive decay process may be represented as 
ZX"! —> z,Y42 + pHe*+2_4¢° 
Obviously, Z, = Z, — (2-2) =Z, 
Hence, the final nucleus is an isotope of the original 
nucleus. 


Q. 2.17. A radioactive nucleus undergoes a series of 
decays according to the sequence 


Ane is ove er 9) ADO a, aid 
If the mass number and atomic number of A, are 172 
and 69 respectively, what is the mass number and atomic 
number of A ? (C.B.S.E. 1994) 
Ans. Since the nucleus A, is epbal’* and f-particle is an 
electron C,e) and a-particle is Het (nucleus of helium), the 
given decay series may be represented as 


1803 


B a 
180 176 172 
724A —> 7A,” —> 71A2’9 ——> 69A3 


hens Aare 180 and 72 respectively. he i Sve . 
Q. 2.18. A radioactive isotope D decays according to 
sequence 


If the mass number and atomic number of D, are 176 
and 71 respectively, find the mass number and atomi 
number of D. Amongst D, D, and D,, do we have any 
isobars or isotopes ? _ (C.B.S.E. 1998) 

Ans. a-particle is nucleus of helium (,He’). 

Therefore, the above mentioned radioactive decays 
proceed as below : 


181 om 180 2Het 176 
73D). .—> 73D," ——> D2 


Therefore, mass number and atomic number of Dare 181 
and 73 respectively. ‘a 
Since atomic number of D, and D are same, D and D, 
are isotopes. 
Q. 2.19. A radioactive nucleus A decays as follows : — 
1€" a ‘ j 

A — A; — A, 

If the mass number and atomic number of A, are 176 
and 71 respectively, what are the mass numbers and atomic 
numbers of A, and A ? Which of these three elements are 
isobars ? | (C.B.S.E. 1999) 

Ans. Proceed as in SAQ 2.32. 

Mass number of A, = 180, mass number of A = 180 — ma 

Atomic number of A, = 73, atomic number of A= 74 — 

The elements A, and A are isobars. 

Q. 2.20. The sequence of stepwise decays of radioactive 
nucleus is 


p2y ppd py obyap piotgaymn 
If the nucleon number and atomic number for D, are 
respectively 176 and 71, what are the corresponding values 
for D and D, nuclei. Justify your answers. (C.B.S.E. 1998) 
Ans. An a-particle is the nucleus of helium (,He*) and 
a B-particle is an electron er ). Therefore, the above 


mentioned radioactive decays will proceed as below : 


He 
2r1e 6 


4 
D180 wD)” 172 2He 


as 
Se i 


Het 
69D3"* > 67D) 

The nucleon number and atomic number correspondin 
to Dare 180 and 72 ; while those corresponding to D, are 168 
and 67. 

Q. 2.21. The isotope uranium ,,U798 decays succe- 
ssively to form 99 Lh234, 9, Pa234, 92 U234, 4, Th230 and ggka226, 
What are the radiations emitted in these five steps ? 

(C.B.S.E. 1981) 

Ans. In the first step (4,U9° to 4>Th”*4) : When U8 
decys to g)Th*4, mass number decreases by 4 and atomic 
number decreases by 2. Therefore, a-particle (,He*) is 
emitted. The decay takes place as below : 

gQJ38 —5 , Th?34 + ~Het 

In the second step (4,Th”"4 to 91P a4) : When op lee 
decays to 9,;Pa*34 mass number remains unchanged and the 
atomic number increases by 1. Therefore, B-particle (_,e°) is 
emitted. The decay takes place as below : 

go th?34 —> 4,Pa%34+ 10 
| 


nber remains same and the atomic number increases by 


*herefore, in the third step, the B-decay takes place as 
resented below : 
g1Pat —> gp** + _ 12° 

In fourth step (g,U2*4 to 41 h7°°) and fifth step Galitan 
gRa””*) : In each of these two steps, a-decays takes place. 

Q. 2.22. Does the ratio of neutrons to protons ina 
cleus increase, decrease or remain the same after the 
ission of an a-particle ? (H.P.S.S.C.E. 1994) 

Ans. The number of neutrons (N = A - Z) in a nucleus 
ither equal to or greater than the number of protons (Z). 
e emission of an a-particle involves the emission of two 
stons and two neutrons. It can be easily seen that > : 


+2 
N 
ll always be greater than = i.e. the ratio of neutrons to 
stons in a nucleus always increases after the emission ofa- 
rticle. 
Q. 2.23. A nucleus contains no electrons, but can eject 
em. Why ? 


Q. 2.01. Why all the three types of rays i.e. a, Bandy, 

come out from a radioactive sample though a single 
dioactive sample obeys a particular decay mode? 

Ans. The decay of a radioactive element is not a single 
age process. The daughter element formed further decays 
to some other element and so on, till stable lead is formed. 
the complete decay scheme (from parent element to the 
able lead), a few radioactive elements undergo a-decay, 
hile others B-decay. The y-ray is emitted in cases, when the 
icleus after an a or a f-decay is left in the excited state. 
me. 2.02. The half-life period of a radioactive element 

X is same as the mean-life time of another radioactive 
ement Y. Initially both of them have the same number of 
oms. Which of the radioactive element decays faster than 
ie other ? (LIT. 1999) 

Ans. Let A and 4’ be decay constants of radioactive 
ements X and Y respectively. If T is half-life period of X and 
,', the mean life time of element Y, then 


0-693 1 
= and th — V 
Since T=T,', we have 
0-693 1 
sash bri or A=06934' or A’>d 
The decay rate of a radioactive sample is given by 
ae AN 


dt 
As both the elements have the same number of atoms 
nitially, 
ree 
Since decay constant of element Y is greater than that of 
< the element Y decays faster than X. 
Q. 2.03. At a given instant, there are 25% undecayed 
radioactive nuclei in a sample. After 10 s, the number 
»f undecayed nuclei reduces to 12:5%. Calculate (a) mean 
ife of the nuclei and (b) the time in which the number of 


is termed as f-decay. At the time of f-decay, a neutron 
converts into a proton according to the following scheme : 


Ans. The emission of el n froma radioactive nucleus 


Rh 2» H+ e+ y 

In this manner, the nucleus emits electron (along with 
the antineutrons), although it does not contain it. 

Q. 2.24. Explain, with an example, whether the 
neutron-proton ratio increases or decreases during beta 
decay. (C.B.S.E. 1998 S) 

Ans. When f-decay takes place, a neutron inside the 
nucleus converts into proton. Therefore, on beta decay, 
whereas the number of neutrons decreases by one, the 
number of protons increases by one. Obviously, the neutron- 
proton ratio decreases on B-decay. 

Consider the -decay of Bi?!® : 


gsBitd® sn Fes Po2!0 sat. os 
A-Z 210-83 
Before B-decay : —>— =—3y7 = sec 
yA 83 83 
A-Z _ 210-84 
After B-decay : = 2? 
Z 84 84 


TECHIE STUFF = CONCEPTUAL SHORT-ANSWER QUESTIONS 


For ambitious, 


brilliant & curious Students 


undecayed nuclei will further reduce to 6-25% of the 
reduced number. (I.LT. 1996) 

Ans. (a) Since the number of undecayed nuclei is reduced 
from 25% to 12-5% (i.e. to one half) in 10 s, the half life of the 
radioactive sample, 


T=10s 
0-693 0-693 
Now, A cee oL Aiea eee 
1 on 10 
Tl fore, life, T =— = ——_ = — =144 
nerefore, mean life, 1, 10.693 0.693 35 


(b) Suppose that the number of undecayed nuclei are N, 
and they will reduce to 6-25% of this number (say N) in time 
t. Then, 


N 4\/t 
atta) 
Here, N=52N,=—2 
N, /16 ae 1\/T 1 1 4 
Ny -(5) Rt ] “767 (3) 
or es or t=4T=4x10=40s 


Q. 2.04. The a-particle faces a coulomb barrier. A 
neutron being uncharged faces no such barrier. Why 
does the nucleus 92U238 not decay spontaneously by 
emitting a neutron ? Given, mn (92U237) = 237-04874 a.m.u., 
m,, = 1-00867 a.m.u. and my (9,U238) = 238 - 05081 a.m.u. 
Ans. The possible decay would be : 
r y238 —» gu + ofl 
Since my Ger) i.e. 238-05081 a.m.y. is less than the 
mass of the products i.e. my (ggQU*9’) + m,, i.e. 237-04874 + 
1-00867 i.e. 238-05741 a.m.u., the decay is not energetically 
allowed. 
@e. 2.05. If the a-decay of U5 is energetically 
allowed (i.e. the decay products have a total mass 


1 


ess than the mass oO Ww at prevents 
decaying all at once ? (Text Question) 
Ans. The a-decay is caused by the quantum mechanical 


tunnelling of the nucleus by the a-particles. The rate of 


tunnelling is determined by the height of the nuclear potential 
barrier, its width, etc. 

Q. 2.06. Why are a-particles emitted rather than say 

protons or ,He® nuclei ? 

Ans. It is because of the high value of binding energy of 
the RAO Therefore, on emission of a-particle, the 


1. W hati is I oe ? Give the properties of different types 
of rays emitted by radioactive substances. 
2. Write down the laws of radioactive decay and deduce 
expression for the decay law. (H-P.5:S.C.E01997) 
3. What is readioactivity ? State the laws of radioactive 
disintegration. Show that radioactive decay is expontential 
in nature. (P.S.S.C.E. 1999, 1998 S) 
4. State the radioactive decay law. Show by derivation that 
the number of unchanged nuclei left (i.e. the number of 
parent nuclei) decreases exponentially with time. 
(I.S.C.E. 1993) 
5. State the law of radioactive decay. Deduce the relation 
N=N,e ~4t where symbols have their usual meanings. 
Sketch a graph to illustrate radioactive decay. 
(7PS'S:CE, 2000,,1999'S 1C.B.S.6.1999 S) 
6. 9,U?8 decays successively to form PP si ee ee 
go Th?3°, .gRa2> and ¢.Rn222. What are the radioactive 
radiations emitted in each decay process ? 
(C.B.S.E. 1996 S) 
7. Define decay constant of a radioactive sample. Which of 
the following radiations, a-rays, B-rays, y-rays. 
(i) are similar to X-rays ? (ii) are easily absorbed by matter ? 
(iii) travel with greatest speed ? (iv) are similar in nature 
to cathode rays ? (C.B.S.E. 2001) 
8. State the law of radioactive decay. Define half life period 
and obtain an expression for it. (H.S.S.C.E. 2002) 
9. Define the term decay constant and half life of a radioactive 
sample. Derive the relation connecting the two. 


(C.B.S.E. 2001, PS.S.C.E. 2001) 


1. What is radioactivity ? State the laws of radioactive decay. 
Show that radioactive decay is exponential in nature. 

(P.S.S.C.E. 2000, 2002) 

2. State the laws of radioactive disintegration. What is half 

life period of a radioactive substance ? Find an expression 

for it. (H.S.S.C.E. 2001) 

3. State and explain the laws of radioactive disintegration. 

Hence define disintegration constant and half life period. 

(H.S.S:C.E. 2001) 

4. Explain what is meant by radioactive decay. A radioactive 

nucleus is represented by the symbol ,X °. How is the new 


Type A. OnR Radioactive decay law and Half life 


1. How many disintegrations per second will occur in one 
gram of 9 U238, if its half life against alpha decay is 
142x 107s? — (C.B.S.E. 2001) [Ans. 1-235 x 104 s*] 

2. The half life of),U*?® against a-decay is 4-5 x 10? years. 


ieorerebhy On the other hand, the emission of a protor 
He? nuclei may not be energetically possible. 
Q. 2.07. Why electron capture is common in case 
heavy nuclei ? 
Ans. A heavy nucleus has large positive charg 
Moreover, the radius of K-shell in heavy nuclei is muc 
smaller than that in case of a light nucleus. Due to both the 
factors, the K- shell electron experiences a large force ¢ 
attraction due to positive nucleus and is captured by it. 


F REQUENTLY ASKED SHORT ANSWER 2 QLUESTIONS — 


10. 


11. 


12. 


i BY 


14. 
15. 
16. 


17. 


18, 


19. 


20. 


FREQUENTLY ASKED NUMERICAL PROBLEN AS 


arrying 3 Marks 


‘Write down the laws of radioactivity and define half I 
period and find out an expression for it. 
(Eo. oses 1997 
Derive the radioactive decay law. Define half-life (T) 
radioactive substance and show that 
T= 0-693 


where A is the decay constant. (I.S.C.E. 199 
Define the term “half-life T; , of a radioactive substanc 
and establish its relation with decay constant (A). 
(H:S.S:C.E: 2002"; €:BiS.E. 1999'S ; 1.S.C.E..198 
Define half-life time and average life time of a radioacti 
element. Derive expression for half life time. 
(P.S.S.C.E. 199 
What is a-decay ? eer in brief. 
Explain f-decay. (H.S.S.C.E. 200 
Why do we say that f-rays emitted from a radioacti 
substance have a continuous energy spectrum ? How d 
this fact lead to the discovery of neutrino ? 
Explain the phenomenon of y-decay. 
What is alpha decay, beta decay and gamma decay ? 
(7.PS.5.C_E. 19m 
Define half life of a radioactive substance. Derive « 
expression for it. 
(FL.S.S.C.E. 2002,'1995; 19947 H.P:S.S.C.E..1996, 198 
Explain radio-carbon dating. 


CSiCE- 199 


FREQUENTLY ASKED LONG ANSWER * 2 “UESTIONS 


rrying 5 Mar 


nucleus nr ech after the emission of (i) an alpk 
particle, (ii) a beta particle and (iii) a gamma ray ? TI 
activity of a source undergoing a single type of decay is 
at time f = 0. Obtain an expression in terms of the half-li 
T,/2 for the activity I at any subsequent time ft. 
(C.B.S.E. 2001 | 
What do you mean by half-life and mean life of 
radioactive substance ? Deduce the relation between ther 
(FLGIS:G-E. 1999), 


OTM Ee 
For Practice 


How many disintegrations per second occur in 1 g 
92U738 ? [Ans. 1-235 x 104 s~ 
The atomic weight of radium is 226. It is observed th: 
3-67 x 10!° @-particles are emitted per second from or 


gram of radium. Calculate in years the half life period « 
radium. [Ans. 1548-7 year: 


: ron 
a- particles per second. Given that Avogadro number 
= 6-025 x 10%. [Ans. 4-484 x 10° years ] 
5. 4g of radioactive material of half life 10 years is kept ina 
store for 15 years. How much material is disintegrated ? 
[Ans. 2:5856 g] 
6. One gram of radium is reduced by 2 milligram in 5 years 
by a-decay. Calculate the half period of radium. 
(PS.S.C.E. 1993) [Ans. 1730-3 years} 
7. The half-life of a radioactive substance is 1672 years. it the 
initial mass of the substance is.1 g, after how many years 
will only 1 mg of it to be left behind ? (PS.S.C.E. 1999 S) 
[Ans. 16669-5 years] 
8. The half life of radium is 1590 years. In how many years 
will one gram of the pure element lose 1 centigram 2 
[Ans. 23-06 years] 
9. A nucleus of UX, has a half life of 24-1 days. How long a 
sample UX, will take to change 90% of it to UX, ? 
[Ans. 79-97 days] 


ipe B. On Activity of a radioactive substance 

10. The half-life time of a radioactive substance is 100 years. 
Calculate in how many years the activity will decay to 
1/10th of its initial value. (P.S.S.C.E. 2000, 1999) 

[Ans. 332-3 years] 

11. The half-life of a radioactive substance is 5 x 10° years. In 
how many years, its activity will decay to 0-2 times of its 
initial value ? Given log,)5 = 0-6990.  (P.S.S.C.E. 2000) 


[Ans. 1-16 x 104 years] 


Ss 


14. 


15. 


16. 


17. 


as activity of one curie. Find its h, 

life period. Given that a kilo mole of ggka7° contains 
6-025 x 107° atoms. [Ans. 1583-2 years | 
Determine the amount of Ae necessary to provide a 
source of a-particles of 5 mci strength. The half-life of 
polonium is 138 days. [Ans. 1-11 x 10 g ] 


MISCELLANEOUS PROBLEMS 

The count rate from a radioactive sample falls from 
4-0 x 10° s~! to 1-0 x 10° s+ in 20 hours. What will be 
the count rate 100 hours after the beginning. 

[Ans. 3:91 x 10° s'] 
Aradioactive sample can decay by two different processes. 
The half-life for the first process is T, and that for the 
second process is T,. Show that the effective half-life T of 
the nucleus is given by 


One milligram of thorium emits 22 a-particles per minute 
per unit solid angle. Calculate average-life of thorium. 
Atomic weight of thorium = 232.[Ans. 1-786 x 10!° years] 
A point source of y-radiation has a half-life of 30 minutes. 
The initial count rate recorded by Geiger counter placed 
2 m from the source is 360 s~!. The distance between the 
counter and the source is altered. After 1-5 hours, the count 
rate recorded is 5 s-!. What is the new distance between 
the counter and the source ? [Ans. 6 m] 


_..»-SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FOR PRACTICE 


1. Same as solved problem no. 2.02. 


0-693 | 
2. A=—— year 
45x10". 
>! 0-693 Mi 
4-510? x 365 X 24 x 60 x 60 
6-02x 107° 
Number of atoms in 1g of U*®, N= ae 


Using the relation : x =AN, 


it can be obtained that 
eal 1-235 x 104 s1 
dt 
6-02x 107 


3. Number of atoms in 1 g of Ra**°, N= Bae 


aN _ 3.67x 10% 57! 
dt 


Using the relation : a“ SerAIN 


it can be found that 
4 = 1-378 x 10-1! s-! 
0-693 ——- 0-693 
A 1-378 x 107}! 
Bi 0-693 
1-378 x10 !! x 60 x 60 x 24 x 365 
= 1548-7 years 
4. Number of U**8 atoms in 1 g, 
23 
. x 
Ee 6-025 x 10 
238 
dN 21 
Now, aN or 1:24x 104=A x 2-53 x 10 


a = 


29:53x 107" 


1-24x10" x. 
or jee eh OKO e } 
2-53x 10 
. ‘ 9 
ie 08). NE 414 X10" s 
A 4-9x10 
= 4-484 x 10° years 
0-69 -693 " 
ja 0998 _ 0°09. 9,0693,pear ; 
iE 10 


Now, m = mp eAt = 4 ¢ 70-0693 x 15 


= 4 x 0-:3536 = 1.4144 g 
Therefore, material disintegrated 

= 4-1-4144 = 2.5856 g 
my =18, My —m =2 mg = 0-002 g 
!. m= My — 0-002 = 1 — 0-002 = 0-998 g 


Now, m=m,e~*! — or ett = Mo. 
m 
or At=log, tae 
m 
2-303 ng _ 2-308 1 
es | 0. 2 = JoG 49 —— 
a fie to m 1x 5a” 0-998 
° +3 
= 4-005 10~* year ' 
meee. os OSG —— = 17308 years 


2 4-005x 10-4 

my=1g;m=1mg=10%¢; 

y= 089 ~ 4.1447 «10-4 year”! 
1672 


. 


10. 


11. 
12. 


13. 


As obtained in pro em no. 6, 
2-303 mo 2-303 


1 
t= lo ee ee ee eee es 
S10 A 1AAT X10? 99-3 
2-303x3 
= plana 20 Pi = 16669-5 years 
4-1447 x 10 
0 z 693 Ae 
i = year’; 
1590 


my =1¢;m —m=0-01¢ 
“. m= mp —0-01 = 1—-0-01 = 0-99 g 


Using the relation: t= as logio ve 
m 


it can be obtained that 
t = 23-06 years 


Let ¢ be the time in which 90% of the sample of UX, 
changes to UX). 
Therefore, sample of UX, left behind after time t = 10% 


on P= 10% = Odi car "0 = 10 
Mp m 


Using the relation : f= EN 


it can be obtained that 
t = 79-97 days 


= <0 x Ry =0-1 Ry, 


=o 6: 93x 10-3 year"! 
100 


] aegage | 
0810 i 


Now, R=R,)e*! — or t= loge 2 


se 

or (= Ty: 7 Bin ee 
A As ak Ro __2:308x1 
693x107 8 0-1 Ry 1Ry 6-93x10-° 


or t = 332-3 years 
Proceed as in problem no. 10. 


R= =1 curie=3-7% <P dla 


6-025 x 1076 
Number of atoms in 1 g of Ra?26, N=———___ 


1000 x 226 
Using the relation : = =1N, 
it can be obtained that 
A = 1-388 x 10711 s-1 
_ 0-693 0-693 % 
A 1-388 x 1071! 
a 0-693 
1-388 x 107! x 60 x 60 x 24x 365 
= 1583-2 years 


=A =5mci=5x3-7x107 5, 


0-693 _ 0-693. 4-1 _ 0-693 
T 138. ~~ :138x 24x 60x 60 


=5-812x107° 57! 


Ae 


dN 
Using the relation : >= AN, 


14. 


15. 


16. 


N= 3-183 x 10 
Therefore, mass of Po2!2, 
210xN 210 x 3-183 x 10° 
~ ‘Avogadronumber_. 6-02X102__ 
=1-11x 10g 
Ry = 40 x 10° s-!; R= 1-0 x 106 s“! and t = 20 hours 
1\T 1-0x 10° 1\/T 
4-0x 10° -(5] 


( 1 y ( 1 seg 20 
or =f =i— or [a 
BPD 4 


or. _T=10hours 
Let R’ be count rate, 100 hours after beginning. Then, 


Be hn 1\/T 
eG «=a 
1 100/10 1 10 
or R= 4-0x10° x{5] = 4-0x108 x(5] : 


4-0x 10° 
= ———— _ = 3.91 x 10° s! 


Let N be the total number of atoms of the radioacti 


a and vai 3 are decay rai 
dt dt 
by the first and second process, then 
aN; _ as 
dt Ay N and dt Ay N 
Here,A, and/, are decay constants for the first and seco: 
process respectively. 
Therefore, decay rate of sample by pee! the processes, 


sample present initially. If 


=(A, +4.) N 7 
If J is effective ris constant for the radioactive samp 
then 


dN, , aN 
ea 
dt dt —_ 


From equations (i) and (ii), we have 
AN=@,+4,)N or A=A,+4, 
A Ay Zz A 


or «0-693: 0-693 0-693 ‘em: 
0-693 0-693 
—<— = ) Feacerccmmies as iT: 

Now, hi 1 qo 2 

and = = T, effective half-life of the sample. 


1 
Therefore, equation (iii) becomes 


a eal 
T. T 
Number of atoms in 1 mg of Th22, 
23 
*O2X 
N= 22X10" 5x 1073 = 2-595 x 1018 
232 


a-particles are emitted by the therium source in all tl 
directions i.e. in a solid angle of 4 z steradian. Therefor 


- = 22x42 a-particles minute! 


Using the relation : * =AN, 


1 


T, = 3 = 9° 3865% 10'° minutes 
9-3865 x 10'° 
"ox aan ses "R786 10 years 


17. Initial count rate, Ry = 360s! 
T = 30 minutes = 0-5 hour 
Initial distance between source and counter, r = 2m 
Suppose that distance between the source and counter is 
altered to r’ so that after time ¢ (= 1-5 hour) the count rate 
becomes, R’ = 5s"! 
The change in count rate is both due to radioactive 
disintegration and due to change in intensity ofy-radiation 
at the counter due to change of its distance from the source. 


fadwoactive ence ony Then, 


R 1 t/T R 1 1:5/0-5 R 1 3 
BY SSC) 
ee 360 \2 mused (12 


or = =455! 


The change in count rate from R to R’ is due to change 
in intensity of y-radiation at the counter. Since intensity 
of y-radiation varies inversely as the square of distance, 


RA(cy ¥ rm R 1/2 
R’ . ore Tr =f, R’ 


1/2 
or siredxtrge =2X%3=6m 


CHAP TER 


Nuclear Reactions 


MM 3.01. NUCLEAR REACTIONS 
The heavy nuclei such as 9,U798 undergo disintegration, by their own, resulting Quotable Quote 
into the formation of the nuclei of new elements. Such nuclear disintegrations are ; 
called natural nuclear transmutations. 
The natural nuclear transmutations led Rutherford to think that it might be 
_ Possible to disintegrate atomic nuclei by artificial means. In 1919, he was able to bring 
about the first artificial transmutation by bombarding nitrogen nuclei with a- 
particles which produced an isotope of oxygen and proton. The reaction taking place 
may be represented by the equation : 
7N"4 + jHe* —> ,017 + |H! 
Such nuclear transmutation carried out by artificial means is called a nuclear reaction. 
We know that in a chemical reaction, the rearrangement of atoms takes place. 
Similarly, in a nuclear reaction, the rearrangement of nucleons takes place, when 
the bombarding particle strikes the target nucleus. | 
After the successful attempt made by Rutherford, many other such nuclear : 
reactions were carried out. The bombarding particles called projectiles, generally used 
were a-particle (,He*), proton (,H!), deutron (,H?), neutron (yn!) and gamma-ray 
photon (y). This led to the formation of more than 500 artificial radioactive isotopes. 
The nuclear reaction | 
7N"4 + »Het —> ,017 + ,HI 
is referred as (a, p) reaction. A few important nuclear reactions are given below : 
1. a-particle as projectile : 
(i) (a-p) reactions 
Mgr et pit” + oH 
13Al% + 7He* —> ,,Si%9 + yH 
(ii) (a-n) reactions 


11Na*3 + ,He* > Al’? + on! 
2. Proton as projectile : 
(i) (p-a) reactions 
5Bl! + |H!—+ ,Be® + Het 
_ 13AP7 + |H!—> Mg” + 2He4 
(ii) (p-n) reactions 
gO!8 +H! —> oF 18 + oe git 
(iii) (p-d) reactions 
3Li” + ;H! —> ,Li® +H? 
qBe? + ,H! > ,Be® +,H? 
(iv) (p-y) reactions 
ps i fe iH! 5 gN® +y 
Al?” +H! —> ,,Si8 +y 
3. Neutron as projectile : 
(i) (n-a) reactions 


7N"4 + »n1 —> .Bl + Het 
Na’? + 9n1 —> 5F20 + Het 
(ii) (n-p) reactions 
7N™ + on! —> C44 HI! 
302n™ + yn! —> .,Cu® + JH! 


866 


11 Ae eae ale +y 
a9Cu™ + gn! —> ngCu® + y 
4, Deutron as projectile : 
(i) (d-) reactions 
gO!6 + ,H2—> oNi4 + Het 
(ii) (d-p) reactions 
3Li? + ,H* —> 3Li8 + ;H! 
(iii) (d-n) reactions 
jH? + ,H? —> ,He? + gn! 
jH? + ,H’ —> ,Het + ou! 
5. y-ray photon as projectile. A nuclear reaction in which y -ray or photon is 
1e projectile is called photo-nuclear reaction or photo disintegration. 
jH? +y —> ,H!+ gn! 
Be? +y —> 3Li® + ,H! 
3,02, SYMBOLIC REPRESENTATION OF NUCLEAR REACTION 


In general, a nuclear reaction may be represented by the equation : 


a x zp — z,Y"3 J: 7,04 +Q, 
yhere X, P, Y and O represent the target nucleus, bombarding, particle, residual nucleus 
nd outgoing particle (or group of particles) respectively and Q represents the energy 
equired to carry out the nuclear reaction or the energy liberated in the reaction. 
Further, all the nuclear reactions obey the following conservation laws : 
1. Law of conservation of nucleon number. According to this law, 
A, + A, =Az +A, 
2. Law of conservation of charge number. According to this law, 
Z, + Z,=Z,+Zy 
3. Law of conservation of mass and energy. According to this law, the energy 
equired to carry out the nuclear reaction or the energy liberated is equal to the 
nergy equivalent of the masses of the nuclei on the two sides of the above equation. 
4. Law of conservation of momentum. The linear momenta of residual nucleus 
ind outgoing particle is always equal to the linear momenta of target nucleus and 
yombarding particle. 


a 3.03, COMPOUND NUCLEUS 


From the discussion made in last sections, it appears as if a nuclear reaction is 
1 one stage process i.e. bombarding particle strikes the target nucleus resulting into 
he formation of a new nucleus and a new particle. According to Bohr, many nuclear 
eactions proceed in two stages. 

In the first stage, the bombarding particle strikes the target nucleus to form a 
1ew nucleus called compound nucleus. The atomic and the mass numbers of the 
-ompound nucleus are respectively the sum of the atomic and mass numbers of the 
arget nucleus and bombarding particle. A compound nucleus may be formed in a 
different way but from the compound nucleus one cannot know the manner in which 
it was formed. 

In the second stage, the compound nucleus decays into a new nucleus by emitting 
a particle or a group of particles. This is because the compound nucleus is unstable. 

Therefore, a nuclear reaction may be represented as 

X +P—> [CI—> Y+ O 

Here, [C] represents the compound nucleus. Further compound nucleus may 
decay by a number of different modes. That the formation of compound nucleus is 
a reality, is hinted by the fact that it has a life time of the order of 10-16 s. It is very 
large as compared to the time 10-2! s, which a bombarding particle (on an average) 
requires to cross through the nucleus. 

ME 3.04. Q-VALUE OF A NUCLEAR REACTION 

In a nuclear reaction, sum of the masses of the target nucleus (X) and the 

bombarding particle (P) may be greater or less than the sum of the masses of the 


baTTNG site veshy eae Sei t Rene 
product nucleus (Y) and the outgoing particle (O). To account for the law o 
conservation of mass-energy*, the nuclear reaction is represented as : 
X+P—3Y+0+0Q, 
where Q is called Q-value of the nuclear reaction. 

If the mass of the product nucleus and outgoing particle is less than the mass of the 
target nucleus and bombarding particle, then Q-value of nuclear reaction will be positive. 
Such nuclear reaction is called exoergic reaction. 

On the other hand, if the mass of the product nucleus and outgoing particle is greater 
than the mass of the target nucleus and bombarding particle, the Q-value of nuclear reaction 
will be negative. Such nuclear reaction is called endoergic reaction. 

The liberation or absorption of energy in the nuclear reaction takes place in 
accordance with Einstein’s mass-energy equivalence formula. 


WH 3.05, NUCLEAR FISSION 

The process of splitting of a heavy nucleus into two nuclei of nearly comparable masses 
with liberation of energy is called nuclear fission. 

Fission was first observed, when Fermi and his coworkers were trying to 
produce transuranic element by bombarding 4,U7*> with slow neutrons. As a result, 
compound nucleus 9,U°° was formed. It disintegrated into the two nuclei ogBan 
and ,,Kr”? with the release of three neutrons and a lot of thermal energy. The fission 
reaction ofy,U**> may be represented as given below : 

92U?? + gn! —> [9,U?9] —> ,,Bal4! + ,-Kr°? +3 sn! +Q 

The energy (Q) released was estimated to be 200 MeV per fission (or about 0-9 
MeV per nucleon ) and is equivalent to the difference in masses of the nuclei before 
and after the fission. Each of the three neutrons carries an energy of about 2 MeV. 
As such, these fast neutrons will escape and cannot cause the fission of other U235 
nuclei. In order to utilise them to cause fission of three other U225 nuclei and so on, 
they have to be slowed down. 

Theory. Neil Bohr and J.A. Wheeler explained the nuclear fission on the basis 
of liquid drop model of the nucleus. The 9,U**° nucleus behaves like a liquid drop 
and owing to surface tension is perfectly spherical in shape. When the neutron strikes 
the nucleus, some energy called the excitation energy is imparted to the nucleus. 
The phenomenon of surface tension tries to keep the nucleus spherical in shape, 
whereas the excitation energy tries to deform it. Due to the struggle between the 
surface tension and the excitation energy, the oscillations are set up inside the 
compound nucleus [Fig. 3.01]. As a result of this, the nucleus continuously gets 
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Fig. 3.01 
deformed from spherical shape to ellipsoidal and then to the shape of a dumb-bell, 
till the Coulomb’s repulsive force between protons succeeds in tearing the two bells 
apart in a manner that the products are again spherical in shape. This is illustrated 
in Fig. 3.01. 

Further, it has been found that the fission is most favourable energetically, when 
the two fragments are of unequal sizes. Fig. 3.02 shows the distribution of the mass 
numbers of the fragments from the fission of »,U*° by slow moving neutrons. The 


curve is symmetrical about A = re but strong peaks occur in the vicinity of A = 


92 and another around A=141. It indicates that when the fission of U?* takes place, 
its splitting into the nuclei Ba!4! and Kr® is most favourable. 
Ml 3.06. NUCLEAR CHAIN REACTION 

When U2"° nucleus is bombarded with a thermal neutron, it splits into Ba!41 
and Kr” along with the liberation of three neutrons and an energy of 200 MeV per 
fission reaction. The fission reaction may be represented as 
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“In nuclear reaction, bombarding particle strikes the target nucleus with some energy. Further, product nucleus and outgoing particle 
may also appear with some energy. In the present discussion, the mass will include the rest mass and the mass equivalent to energy possessed 


by the nucleus or the particle. 
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The above fission reaction has two important characteristics : 

(i) The energy liberated per fission reaction is very large. 

(ii) In each fission reaction, three more neutrons are produced. The three 
eutrons may, then, cause the fission of three other U*” nuclei producing 9 neutrons 
nd so on. Due to the multiplication of neutrons in this manner, the whole of the 
}235 block may undergo fission in a very short time. Such a fission reaction is called 
mcontrolled chain reaction. It is called so because of the reason that once the fission 
eaction gets initiated, then it proceeds at such a fast pace that it cannot be shut- 
ff. An atom bomb is an example of an uncontrolled fission reaction. 

Controlled chain reaction. To achieve a controlled chain reaction, arrange- 
nent is made for the partial absorption of neutrons available from each U235 
ission. Fig. 3.03 shows the controlled chain reaction in which one neutron is 
.bsorbed out of the three neutrons from one U?*° fission. The neutrons are 
ibsorbed by using cadmium rods, which act as control rods. The system in which 
he nuclear chain reaction may proceed in a controlled manner is called nuclear 
reactor. 
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Fig. 3.03 

A fission chain reaction may die out because of the following reasons : 

1. The energy of the thermal neutrons required for the fission of U7 nuclei is 
of the order of 0-025 eV. However, the neutrons produced in the fission of U2 
possess quite large energy as compared to the energy of thermal neutrons. As such, 
the neutrons escape the U9 block without causing the fission of U2 nuclei and 
due to this, the fission reaction may come to a stop. 

So that the fission reaction does not stop, the neutrons produced in fission of 
U235 nuclei are slowed down by using graphite rods or heavy water. Such substances 
are rich in hydrogen nuclei. When fast moving neutrons collide against them, 
neutrons almost come to rest. Such substances used for slowing down the neutrons 
are called moderator. 

2. The neutrons produced in the U22> block leak from the block, if the sizé of 
the block is smaller than the critical size. 

The U225 block is said to be of critical size, if the number of neutrons lost per second 
is just equal to the number of neutrons produced per second in the block. 

The mass of the U25 block of critical size is called critical mass. Some neutrons 
are also lost due to their absorption by the impurities present in the U® block. 

So that the fission reaction proceeds smoothly, the number of neutrons 
produced per second should be greater than the number of neutrons lost per second 
from the block. It is achieved by having U?*° block of size bigger than the critical 
size. The loss of neutrons from the U2 block is also minimised by providing a layer 


“One should clearly understand the 
distinction between absorbing neutrons 
and absorbing their energy. The mode- 
rator should absorb only the energy ; the 
control rod must do away with the neu- 
trons themselves ! 
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of non-fissionable material over the U2 block. In fact, whether a chain reaction will 
remain steady or accelerate or retard is determined by a factor, called neutron 
reproduction factor (k). 

Neutron reproduction factor is defined as the ratio of the rate of production of neutrons 
to the rate of loss of neutrons. Thus, 


_ tate of production of neutrons (3.01) 
rate of loss of neutrons 
A fission reaction will be steady, in case k = 1. In case k > 1, the fission reaction 
will accelerate and it will retard, in case k < 1. 


Mg 3.07. NUCLEAR REACTOR 

Anuclear reactor is a device in which nuclear fission can be carried out through 
a sustained and a controlled chain reaction. It is also called an atomic pile. By making, 
use of uranium as fuel, the products such as neutrons (useful for causing fission of 
uranium), radioisotopes and heat energy (to run turbines) are produced. 

Construction. A nuclear reactor consists of thick blocks of carbon surrounded 
by thick absorbing walls of concrete as shown in Fig. 3.04. The other parts of the 
nuclear reactor are as explained below : 
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Fig. 3.04 

1. Nuclear fuel. The fissionable material used in the reactor is called nuclear 
fuel. It generally consists of 9,U*>° sealed in aluminium cylinders. These cylinders 
are inserted in the holes drilled in the carbon blocks. 

2. Moderator. The material used to slow down the fast moving neutrons 
produced as a result of nuclear fission is called moderator. The neutrons released 
in the fission of uranium possess energy of the order of 2 MeV. Moderator reduces 
their energy to 0-0235 eV, which corresponds to the thermal motion of the neutron. 
For this reason, the neutrons slowed down to the energy of 0-0235 eV are called 
thermal neutrons. In a nuclear reactor, the moderator is either graphite (carbon) or 
water or heavy water (deuterium oxide). 

The Apsra reactor at Bhabha Atomic Research Centre, Trombay uses water as 
moderator. It was commissioned in the year 1956. It is aswimming pool type nuclear 
reactor. It has rendered a great service in the field of genetic studies in agricultural 
crops. The nuclear reactors at Tarapur, Kalpakkam, Kota and Narora are used for 
power production and in these reactors, heavy water is used as moderator. 

3. Control rods. The materials that can absorb the neutrons are used to control 
the nuclear chain reaction. Cadmium‘* or boron rods are used for this purpose. They 
can be moved in or out of the holes drilled in the carbon blocks. When the control 
rods are completely pushed into the carbon blocks, they absorb the neutrons to such 
an extent that the chain reaction comes to a halt. As the rods are slowly withdrawn, 
the chain reaction proceeds and more we withdraw the rods, stronger is the intensity 
of the chain reaction. 

4. Coolant. The material used to absorb the heat generated as a consequence 
of chain reaction is called coolant. The coolant releases the heat energy to the water 
and the water is thus converted into super heated steam, which is used to run the 
turbines. These turbines in turn are used to operate the machines, say electric 


*Cadmium has high cross-section for neutron absorption. 
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erator. Liquid sodium may also be used as coolant. Sometimes heavy water is 
used as coolant. 

5. Protective shield. To prevent the spreading of the radioactive effect to the 
space around the nuclear reactor, it is enclosed in thick concrete walls called 
protective shield. The protective shield may be 10 m thick. 

Working. A single slow neutron causes the fission of es ep nucleus, with the 
release of 200 MeV energy and three fast neutrons. The cadmium rods partially 
absorb the neutrons and the moderator slows down the remaining neutrons. The 
slow neutrons carry out the fission of other oii bate nuclei and so on. In order to step 
up the reaction, the cadmium rods are slowly withdrawn, while to step down the 
reaction, the cadmium rods are slowly introduced. In addition to control rods, the 
reactors are provided with safety rods. For the fair functioning of a nuclear reactor, 
its k-factor is kept close to unity by moving the cadmium rods in or out. 

The k-factor is defined as the ratio of the number of fissions produced by a given 
generation of neutrons to the number of fissions of the preceeding generation of neutrons. 
It is also called reproduction factor. 

Uses. 1. Nuclear reactors are used in electric power generation. 

2. They are used to produce radioactive isotopes for their use in medical science, 
agriculture and industry. 

3. They are also used to produce neutron beams of very high intensity for their 
use in nuclear research. 


gum 3.08. NUCLEAR FUSION 


When two or more than two light nuclei fuse together to form heavy nucleus with the 
liberation of energy, the process is called nuclear fusion. For example, two deutrons can 
fuse together to form a helium nucleus releasing 24 MeV of energy. The fusion 
reaction may be expressed as below : 

jH?2 + ;H? — He? + 24 MeV 

The above nuclear fusion reaction is energetically possible, only if the mass of 
the ,He* nucleus is less than the sum of the masses of the two deutron nuclei. The 
difference in the initial mass and the final mass of the product nuclei is liberated as 
the energy of fusion reaction. It may be pointed out that the fusion of two light nuclei 
takes place in an attempt to achieve greater stability. It is because, the high value of 
the binding energy per nucleon is one of the factors responsible for the greater 
stability of a nucleus. It follows from the binding energy curve that in the low mass 
number region, the binding energy per nucleon increases with the mass number. 
When two lighter nuclei fuse together to forma heavier nucleus, the net mass defect 
and hence the binding energy of the nucleus so formed will be more. 

To carry out the fusion of two nuclei, they must be brought so much close to 
each other that they overcome the electrostatic repulsion and come within the 
attractive range of the nuclear forces. This is possible only, when they approach each 
other with kinetic energy of the order of 0-1 MeV or more. This is best obtained by 
raising the temperature of the two nuclei to about 10’ K. At this temperature, the 
thermal motion of the atoms is with kinetic energy of the order of 0-1 MeV. For this 
reason, nuclear fusion reaction is also termed as thermonuclear reaction. 

Temperature of the order of 107 K is very difficult to obtain. However, this can 
be triggered by atomic explosion involving fission. Once the fusion begins, the energy 
liberated can maintain the minimum required temperature and the fusion continues. 
The thermonuclear fusion is thought to be the source of energy in the sun and the 
stars. 

We have already seen that the fission of one Abia nucleus releases 200 MeV 
of energy. Thus, the energy liberated in the above mentioned fusion reaction is 
smaller (24 MeV) than that released in case of U255 fission reaction. However, if we 
work out the energy released for same mass in the two cases, we find that the energy 
released in the fusion reaction is about seven times as large as in fission reaction. 
ges 3.09. STELLAR ENERGY (ENERGY GENERATION INTHE SUN AND 

STARS) 

The sun radiates energy at a tremendous rate of 4 x 10!¢J s-!. The stars are also 
radiating a huge amount of energy. Further, they have been radiating energy for 
several billions of years. It has been estimated that the chemical processes like 
burning or nuclear fission cannot account for such a large burst of radiation for 
several billions of years. Whereas no known chemical process can be source of such 
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a large amount of energy, possibility of fission as the cause of this energy is 
out on the basis of the fact that sun does not have the required abundance of heavy 
nuclei of fissionable matter. On the other hand, about 90% of the mass of the sun 
consists of hydrogen and helium. 

Thus, we conclude that thermonuclear reactions are the main source of energy 
in the sun as well as in the stars. Two types of cyclic processes are proposed to be 
occurring in the sun and the stars as explained below : ‘ 

1. Carbon nitrogen cycle. The process was proposed by Bethe in 1938. A 
proton reacts with carbon-12 producing nitrogen-13 and releasing energy. The 
nitrogen-13 is unstable and emits a positron producing carbon-13, which further 
reacts with a proton, producing nitrogen-14 and releasing energy. The nitrogen-14 
further reacts with a proton producing oxygen-15 and energy. The oxygen-15 is 
unstable, which emits a positron and some energy converting itself into nitrogen- 
15. The nitrogen-15 again reacts with a proton producing carbon-12 and helium. 
Here, carbon acts as a nuclear catalytic agent. The process can be symbolically 
represented as follows : 

w+? —>. .NB+Q, 
7 — = =CB+.2 
}H1+,C8 = —> = 5N8+Q, 
jH'+,N4% —> ,05+Q, 
15 15 
gO —>: gN? +,e74 0, 
jH'+,N5 —> CP +,He! 

All the above nuclear reactions, when summed up, give the following net 

nuclear reaction : 
44H! — > Het +2 2° + Q 

ie. four protons combine together to yield helium and two positrons along 
with the release of 24-7 MeV of energy (Q). The carbon atom with which the reaction 
commenced, is returned at the end of the complete cycle. In other words, it acts 
merely as a catalytic agent. 

2. Proton-proton cycle. Another nuclear fusion cyclic process, which can 
account for the release of same amount of energy is as below : 

jH'+,H! —>  |H?+,°+Q, 
jH'+,H? — > ~ 4He?+Q, 
jH'+,He? —>  ,He*+ 7 +Q, 

These nuclear reactions can be summed up as 

4,H! — >  ,He*+2,2°+0 

The net reaction and the release of energy Q = 24-7 MeV are same in two cases. 
It is found that the carbon-nitrogen cycle occurs at rather late stage in the life of a 
star. The proton-proton cycle takes place at comparatively low temperatures and 
the carbon-nitrogen cycle takes place at predominantly high temperatures. However, 
in the interior of our sun, the temperature is of the order of 2 x 10° K, at which both 
of the above mentioned processes are equally probable. Stars having temperature 
more than that of the sun obtain their energy from carbon-nitrogen cycle and those 


at lower temperature from proton-proton cycle. 
may 3:10. PADIATION HAZAR 


Radioactive elements and radioisotopes are continuously emitting radiations 
in the form of a, B and y-rays. The exposure of skin to X-rays causes severe burns. 
Buta person exposed to radiations likea, 8 and y-rays may get damaged to an extent 
which may ultimately lead to his death and yet he may not be aware of the damage. 
Madame Curie and Enrico Fermi lost their lives, because of the damage caused by 
these radiations. 

When the radiation such as f-ray enters a living system, the cells and tissues 
get damaged due to interaction with radiation. The damaged cells and tissues 
hamper the normal functioning of the living system leading ultimately to the death 
of the organism. The experiments conducted on persons (already suffering from 
radiation hazards) reveal that the following types of damages can be caused by the 
radiations. 

1. The exposure to radiation induces deleterious genetic effects. 

2. The strong a-ray exposure can cause lung cancer. 

3. The exposure to fast and slow neutrons can cause blindness. 


blood cells. 


, protons and o-particles can cause damage tored. 


5. The exposure to o-particles can cause disastrous effects. 
6. The strong exposures to protons and neutrons can cause serious damage 


to productive organs. 


Safety measures from radiation hazards. Following precautions are observed 


yy the workers engaged in this field : 


1. The radioisotopes are transferred in thick walled lead containers and are 


kept in rooms with thick walls of lead. 


2. The radioisotopes are handled with the help of remote control devices. 


3. The workers are asked to wear lead aprons. 


The radioactive contamination of the work area is avoided at all costs. 


4. 
gee 3.11. NUCLEAR HOLOCAUST 


The ene 


released on the fission of one U2*5 nucleus is about 200 MeV or 


100 x 1-6 x 10-9 J. Therefore, energy released, when say 50 kg of U?> undergoes 


‘ission will be 


Q = 200 x 1-6 x 10-8 number of U2» nuclei in 50 kg 


50 x 6-025 x 107° 
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The same amount of energy can be made available from 20,000 tons of TNT. 
This simple comparison reveals that nuclear fission is a great source of energy and 
if 50 kg of U235 in made to undergo fission, it will result in a super explosion. In fact, 
in 1945, USA dropped an atom bomb (fission bomb) on Hiroshima, Japan) which 
produced an explosion equivalent to 20,000 tons of TNT. The radioactive fallout 
immediately engulfed 10 km? of the city and more than 67% of the structure of the 
city was destroyed and about 1,35,000 people were either killed or injured. 

The fusion bombs are still more devastating. A super explosion of 10” tons of 
TNT was first tested in 1954 by causing the fusion of deuterium and tritium (isotopes 


of hydrogen). 


It is estimated that superpowers have so much of nuclear weapons in their store, 
which are sufficient to destroy several times the every type of life on the earth. Such 
a nuclear holocaust will not only destroy the existing life, but the radioactive fallout 


on this account will render the earth unfit for life for all times. 


SOLVED NUMERICAL PROBLEMS 


Type A. On Nuclear Reactions 


Problem 3.01. Complete the following nuclear 
reactions : 

re) Al? + ni ?+ He* 

(ii) Pt + Y —? + gt" 

(iii) ikng + Bs bs 30° +? 

Sol. (i) ,,Al” + 1 —> 7? + Het 

Let the residual nucleus be aS 

Then, A = (27 + 1)-4= 24 

and Z = (13 + 0)-2=11 

Therefore, residual nucleus is 1Na*4 and the complete 
nuclear reaction is 

7 + nt —> Na” + »He* 

(ii) sP31 + y—3? + gt 

Let the residual nucleus be aX 

Then, A = (31 + 0) -—1=30 

and Z = (15 + 0)-0=15 

Therefore, residual nucleus is ,,P9° and the complete 
nuclear reaction is 


(iii) ge gO +? 
Let the outgoing particle be 7OA. 


Then, A= (19 + 1)-16=4 
and Z=(9+ 1)-8=2 


Therefore, outgoing particle is He? (a-particle) and the 

complete nuclear reaction is 
oF}? + 4H! —> ,0'° + Het 

Problem 3.02. Write down the nuclear reaction 
equation : 

(a) When neutrons bombard ,,S** nuclei, radioactive 
phosphorus ,,P°? is produced. 

(b) When ,,Si2° nuclei are bombarded by neutrons, 
protons issue out from the target. 

Sol. (a) Let the outgoing particle be ge 

Then, nuclear reaction becomes 

Lae alla phe + GO" 

Now, A = (32 + 1) -32=1 

and Z = (16+ 0)—-15=1 

Therefore, the outgoing particle is ,H! (proton) and the 
complete nuclear reaction is 

uo + ot) — P+ iH! 

(b) Let the residual nucleus be 7) ish Then, nuclear 
reaction becomes. 49178 + gn! —> A Gite 

Now, A = (28 + 1) — 1 = 28 

and Z=(14+ 0)-1=13 

Therefore, the residual nucleus is Pal get The complete 
nuclear reaction is 
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“~"“Type B. On Q-value of a Nuclear rea 

Problem 3.03. Calculate the energy released in the 
reaction : 

3Li® + yn! —> He! + ,H? 

Given that mass of gli’ = 6-015126 a.m.u. ; mass of 
gHe4 = 4-002603 a.m.u. mass of ,H? = 3-016049 a.m.u. ; mass 
of ga! = 1.008665 a.m.u. and 1 a.m.u. = 931 MeV. 

(C.B.S.E. 2002) 

Sol. The nuclear reaction is 

3Li® + ot! —> Het + {He 

Total mass of reactants (,Li® and jn!) = 6-015126 + 
1-008665 = 7-023791 a.m.u. 

Total mass of products (,He* and ,H%) = 4.002603 + 
3-016049 = 7-018652 a.m.u. 

Decrease in mass = 7-023791 —7-018652 = 0-005139 a.m.u. 

Therefore, energy released = 0-005139 x 931 = 4-78 MeV 
Type C. On Nuclear fission 

Problem. 3.04. How much U?* is consumed in a day 
in an atomic power house operating at 400 MW, provided 
the whole of the mass of U?*> is converted into energy ? 

(PS,S.C-E..1998.S) 
Sol. Here, rate of production of energy at atomic power 
house, 
P = 400 MW = 400 x 10° J s-1 
Therefore, totalenergy produced ina dayi.e. 24x 60x 60s, 
E=P x 24 x 60 x 60 = 400 x 10° x 24 x 60 x 60 
= 3-456 x 1013 J 
If mass of U°> consumed per day is m (kg) so as to 
produce the required amount of energy, then 
E=mc* 
or 3-456 x 10!3 = m c2 
3-456x10 3-456 x 10/8 
ite 2 . 8)2 
Cc (3x 10°) 
=0-384x 107 kg = 0:384 g 

Problem 3.05. The energy released by fission of one 
U5 atom is 200 MeV. Calculate the energy released in 
kWh, when 1 gram of U2*5 undergoes fission. 

Sol. Now, number of atoms in 1 g of U235 

_ Avogadro number _ 6-023 x 10-4 


atomic weight 235 
Energy released per fission = 200 MeV 
Therefore, energy released on fission of 1 g of U235 


_ 6-023 x 1073 x 200 


or 


= 5-126 x 1023 MeV 
235 
= 5-126 x 1073 x 1-6 x 10°73 J =8-2 x 10! ws 


(-1J=1Ws) 
2x1 10 
2S eX 10g 2 9 10d Lie 
1000 
AO otogg etot kW ih 
3600 


Problem 3.06. It is estimated that the energy released 
in the atomic bomb explosion at Hiroshima was 7-6 x 1013 J. 
If on the average 200 MeV energy was released on fission 
of one ,,U?*> atom, calculate (i) the number of uranium 
atoms fissioned, (ii) the mass of uranium used for the bomb. 


ol. | al 
Energy released per 


sion = 200 MeV = 200 x 1 
=3-2x 10-1] 
(i) Number of U2°> atoms fissioned, 
26x10! 
3-2«1071! 


Gi). Dfaae of WeiPsnaeda-ann-ereicroateetal 
Avogadro number 


_ 235 x 2-375 x 1074 


6-023 x 1078 
Problem 3.07. A slow neutron strikes a nucleus o 
92U*° splitting it into lighter nuclei of barium and krypton’ 
and releasing three neutrons. Write the corresponding 
nuclear reaction. Also calculate the energy released in this 
reaction. Given, m(,,U>) = 235-043933 a.m.u., m(,n') = 
1.008665 a.m.u., m(;,Ba'*!) = 140-917700 a.m.u. m(,,Kr) = 
91-895400 a.m.u. (C.B.S.E. 1995} 
Sol. The nuclear reaction can be represented as 
92U*° + yn! —> « Bal4l + 3¢Kr™? +3 pn! +Q 


Tf myj(,U>), My (5.Ba!*!), m N(5¢Kr?) represent masses | 


= 2-375 x 1074 


= 926-66 g 


of 9U, ..Ba!4! and 3¢Kr”? nuclei respectively and mon), 
the mass of neutron, then energy released is given by 
Q = [my (g.U?) + m(yn!) — myGeBa!4!) — my(o¢Kr®) 
—3 m(n!)] x 931-5 
= [tpg (gg?) = my (5gBa™41) — my (gk?) = 2 m(on))] 
x 931-5 ERE, 
If m(4,U*), m(;¢Ba!4!) and m(,¢Kr*) represent masses 
of 9,U**? , ;<Ba!4! and ,,Kr°? atoms respectively, then 
equation (i) may be expressed as 
Q=[fm(g9U*) -92m,} — {m(,Ba!4!) — 56m,}—{m(4,Kr°2) 
— 36 m,}- 2 m(n!)] x 931-5 
= [m(g.U*°) — m(5.Ba!) — m(,¢Kr92) — 2 m(n1)] 
x 931-5 
= [235-043933 — 140-917700 — 91-895400 — 2 x 1-008665] 
x 931-5 = 0-2135 x 931-5 
= 198-88 MeV 
Note. It is not mentioned in the problem as to whether 
the given masses are atomic masses or nuclear masses. In case, 
the given masses are nuclear masses, the solution is quite 
simple. The problem has been solved by considering the given 
masses as atomic masses. 
Type D. On Nuclear fusion 
Problem 3.08. Assuming that four protons combine to 
form a helium nucleus and two positrons each of mass 
0:000549 a.m.u., calculate the energy released. Given, mass 
of ,H! = 1. 007825 a.m.u. and mass of ,He! = 4.002603 a.m.u. 
Sol. The nuclear fusion reaction can be written as : 
,H!+,H!+,H!+,H! —> pHe* +2 ,e°+Q 
If my,({H!) and m,,(,He*) represent the masses of Ah 
and ,He* nuclei respectively, then 
Q = [4 m(,H!) — my(,He*) — 2 m,] x 931-5 MeV __...() 
Here, m, represents the mass of the positron (ce). 
Here, my(,H!) = 1-007825 a.m.u. ; 
my (jHe*) 4-002603 a.m.u. ; m, = 0-000549 a.m.u. 


a He) and m, in equation 
we have 
Q = [4 x 1-007825 — 4.002603 — 2 x 0-000549] x 931-5 
= 0-027599 x 931-5 = 25-71 MeV 

Problem 3.09. Bombardment of lithium with protons 

es rise to the following reaction : 

3Li? + |H! —> ,He* + ,He* + energy 

The atomic masses of lithium, hydrogen and helium 
7-016 a.m.u., 1-008 a.m.u. and 4-004 a.m.u. respectively. 
id the initial energy of each a-particle. Given, 1 a.m.u. 
31 MeV. (LS:C.E. 1995) 
Sol. If Bir (Gh iy My Li’) and My (>He*) are masses of 
7 ,H! and Het nuclei respectively, then Q-value of the 


Problem 3.10. Consider one of the fission reactions of 
U235 by thermal neutrons : 
ues + ot — 325% + exer +2 ot 
e fission fragments are, however, not stable. They 
dergo successive B-decays, until ,,5r°* becomes ASE 
d .,Xe!49 becomes ;gCe™°. Estimate the total energy 
eased in the process. Is all that energy available as 
1etic energy of the fission products (Zr and Ce ) ? 
u are given that : mass of U5 atom = 235-0439 a.m.u. ; 
iss of neutron, m, = 1-00866 a.m.u. ; mass of Zr?4 atom = 
9065 a.m.u. ; mass of Ce! atom = 139-9055 a.m.u. 
(Text Problem) 
Sol. The ultimate fission of eau may be represented 


BUR rq nhs ByZe? ict pg @ele.Gi pet 2 gt +Q 

If my(g7U**), my (yoZr?4) and My(agCe!4°) represent 
clear masses, then 

Q= Uitindos li) Ap m,} a iitanat = ieee) 
+6m,+2m,}] x 931-5 

or Q = [1y(9,U23) + mpy(gZr?4) — mM y(GgCe™) 
—6m,—m,] x 931-5 
3-41) 

Here, instead of nuclear masses, the mass of Bue, 
Zr?* and geen, atoms have been given. 

Therefore, nuclear masses of guy, aga and cet 
oms may be found by subtracting mass of 92 electrons, 
electrons and 58 electrons respectively from their atomic 
asses. 

If m(g,U°), LAsOTee ee | and m(.gCe!4?) represent atomic 
asses, then equation (i) may be expressed as 

Q = [(m(g,U) — 92 m,} = {m(ygZr4) — 40 m,} 

— {m(ggCe!4) — 58 m,} - 6 m, — m,] x 9315 
= [2n(g,U?95) — m(4yZx94) — m(sgCe!*°) — m,] x 931-5 
= [235-0439 — 93-9065 — 139-9055 — 1-00866] x 931-5 
= 0-22324 x 931-5 = 207-95 MeV 

All the available energy does not appear as the kinetic 
ergy of fission products. It is partly carried by neutrons and 
ectrons produced. 

Problem 3.11. Consider the so called D-T reaction 
(deuterium-tritium fusion reaction), which may be 
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reaction is given by 


Q = [my GLi”) + myGH!) - 2 myGHe*)] x 931 
If m (,Li”), m (,H') and m (,He*) are atomic masses of 


lithium, hydrogen and helium and m,, the mass of anelectron, 


Q = [m(GLi7) —3 m,} + (mGH}) - m,} — 2 {m(,He*) 
—2 m,}] x 931 

= [m(gLi’) + m(,H}) - 2 m(,He*) ] x 931 

Here, m(,Li’) = 7-016 a.m.u. ; m(,H}) = 1-008 a.m.u. ; 
m(,He?*) = 4-004 a.m.u. 

Also, 1 a.m.u. = 931 MeV 

: O = [7-016 + 1-008 — 2 x 4-004] x 931 

= 0-016 x 931 = 14-896 MeV 


vee 


the basic reaction of a future thermonuclear fusion 
reactor : 


2 3 4 1 
4H +,H >in ble + on 


(a) Determine the amount of energy in MeV released 


in the reaction from the data : 


mass of ,H? atom = 2-014102 a.m.u. ; mass of ,H? atom 


= 3-016049 a.m.u. ; mass of He4 atom = 4-002603 a.m.u. ; mass 
of neutron, m,, = 1-008665 a.m.u. 


(b) Consider the radius of both deuterium and tritium 


to be approximately 1-5 x 10-5 m. What is the kinetic ener); ) 
needed to overcome coulomb repulsion ? To what tempe: 2- 
ture must the gases be heated to initiate the reaction ? 


(Text Problem) 
Sol. (a) The D-T reaction is 
jH? +,H? —> ,He4 + on +Q 
if my (,H?), my (,H?) and My (>He?*) represent nuclear 


masses, then 


Q = [my (,H2) + myGH9) - my(He*) - m,] x 931-5 Mel 
- WW! 


Here, instead of nuclear masses, the masses of Pate we 


and He4 atoms have been given. Therefore, nuclear masses 
of Hf; ,H8 and sHe* atoms may be found by subtracting 
mass of 1 electron, 1 electron and 2 electrons respectively from 
their atomic masses. 


If m(,H?), m(,H?) and m(,He*) represent atomic masses, 


then equation (i) may be expressed as 


Q= [{m(,H2) —m,} + {m(,H9) -—m,} - {mGHe*) —2m,} -m,, 
x 931-5 
= [m(,H2) + m(,H?) - m(,He*) - m,] x 931-5 
= [2-014102 + 3-016049 — 4-002603 — 1-008665] x 931-5 
= 0-018883 x 931-5 = 17-59 MeV 
(b) The P.E. of the D-T system, when the two nuclei 


almost come in contact with each other is given by 


Fy epee A Math 
4m€& 7 
Here, q, = 1-6 x 10719 C (charge on deutrium nucleus) 
go=16x10C (charge on tritium nucleus) 
r=2x15x 107 
(sum of the radii of two nuclei) 
(1-6 x 10717)? 
2x1-5x107! 
= 7-68 x 10714 J 


Therefore, PE. =9 x 10? x 


The kinetic energy needed to overcome Coulomb’s 
repulsion is equal to the potential energy. 

Therefore, the required kinetic energy = 7-68 x 10714 J 

At temperature T, the system will possess kinetic energy 


3 
equal to ry k T, where k is Boltzmann’s constant. 


Q. 3.01. In the nuclear decay reaction 
jH* —> gn + oX?, 
find P, Q and hence identify X. 

Ans. Now,P+1=1 or P=0 

Also, Q+0=1 or QO=1 

Therefore, gX? is positron (,e°). 

Q. 3.02. U238 has atomic mass number of 92. It decays 
by emitting an alpha particle to form an isotope of thorium 
(Th). Write down an equation to represent this. 

CS-C°EY1997) 


(I.S.C.E. 1995) 


Ans. 4,U*38> —_4 ..Th*4 + ,Het 
Q. 3.03. Complete the following nuclear reaction : 
5B?° + (2) —> ,Li7+,He* (H.PS.S.C.E. 1998 S) 
Ans. Let 7X“ be the unknown bombarding particle. 
Now, 5+ Z =o 2eoreeZ=0 
Also, 10+A=7+4 or A=1 
Therefore, the unknown bombarding particle is yn? 
canton). 
Q. 3.04. When ,Li’ is bombarded with a certain 
particle, two alpha aprticles are produced. Identify the 
bombarding particle. (I.S.C.E. 1998) 
Ans. Let gx’ be unknown particle. Then, 
3Li” + 7X4 — > ,He* + ,Het 

By proceeding as in VSQ 3.01 or 3.02, it follows that the 
unknown particle is ,H! (proton). 

Q. 3.05. What do you mean by Q-value of a nuclear 
reaction ? (P.S.S.C.E. 2002, 2000, 1999) 

Ans. Q-value of a nuclear reaction is equal to the energy 
equivalent of the difference in masses of the reacting nuclei 
and the product nuclei. Mathematically, 

Q = [mass of reacting nuclei — mass of product nuclei] 
x 931 MeV 

Q. 3.06. What do you mean by fissile material ? 

Ans. The material which can undergo nuclear fission 
easily is called fissile material. 

Q. 3.07. What do you mean by transuranic elements ? 

Ans. The elements having atomic number greater than 
that of uranium i.e. 92 are called transuranic elements. 

Q. 3.08. What is the condition for a nuclear fission 
reaction to act as a real source of energy ? 

Ans. It should be a sustained chain reaction. 

Q. 3.09. What is a nuclear chain reaction ? 

Ans. A nuclear reaction in which the projectile used to 
carry out the nuclear fission reaction gets multiplied as more 
and more such fission reactions take place, is called a nuclear 
chain reaction. 

Q. 3.10. A chain reaction dies out. State the reasons, 
why this could happen. 

Ans. A nuclear chain reaction dies out, when the 
neutrons produced are so fast that they escape the uranium 
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_ 27-6810 _ 2x7-68x107 


or sh 


3 k 31:38 10733) 


= 3-71 x 109K 


WER QUESTIONS = 
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block without interacting or when the neutrons are lost di 
to the extremely small size of the block. 

Q. 3.11. Define critical mass for nuclear chain reactic 
(P.S.S.C.E. 2002, 2000, 199 


Ans. Refer to section 3.06. 

Q. 3.12. What are the essential parts of a nucle 
reactor ? (Pre-degree Kerala, 199; 

Ans. Nuclear fuel, moderator, control rods, protectiv 
shield and the coolant. 4 

Q. 3.13. Why is heavy water used.as a moderator in 
nuclear reactor ? (C.B.S.E.2001 ; H.P.S.S.C.E.199! 

Ans. In case, the neutrons produced are fast, they ma 
escape the uranium block without causing fission. Whe 
heavy water is used, the neutrons lose energy on collisio 
with the water molecules, get slowed down and becom 
suitable for carrying out fission reaction. 

Q. 3.14. Write any one equation representing nuclez 
fusion reaction. (C.B.S.E. 199¢ 

Ans. Example of fusion reaction : 

,H? + ,H* —» ,He* + 24 MeV 

Q. 3.15. A fusion reaction is more energetic than 
fission reaction. Comment. 

Ans. In a nuclear fusion reaction, the energy liberate 
per unit mass of the nuclei taking part in the fusion reactio 
is many times larger than the energy liberated in a fissio 
reaction. 

Q. 3.16. Nuclear fusion reactions are also known a 
thermonuclear reactions. Why ? 

Ans. Refer to VSO 3.16. 

Q. 3.17. Explain one similarity and one dissimilarit 
between nuclear fission and fusion. (P.S.S.C_E. 1994 

Ans. Nuclear fission and fusion are similar in the sens 
that both are tremendous sources of energy. On the othe 
hand, the two processes are dissimilar in the sense that i 
fission, a heavy nucleus splits into two lighter fragments 
while in fusion, two light nuclei unite to form a heavier ons 

Q. 3.18. What is the source of solar energy ? 

(H.P.S.S.C.E. 1998 


Or 
Name the principal source of the sun’s energy. 
SIGE 1993 
Or 


Name the phenomenon by which energy is produce 
in a star. (P5.5.C.E. 1997'S 

Ans. Nuclear fusion reactions taking place in the sun. 

Q. 3.19. The sun is constantly losing mass due t 
thermonuclear fusion. Comment. 

Ans. In each fusion reaction taking place in the sun, ther 
is a small decrease in mass, which then appears as therma 
energy. For this reason, the sun is constantly losing mass du 
to thermonuclear fusion reactions. 


— 
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Q. 3.01. What are nuclear reactions ? State the laws 
yed by these reactions. Give one example of nuclear 
ction. (PS.S.C.E. 1999) 

Ans. Nuclear reaction. The reaction taking place inside 
nucleus is called a nuclear reaction. 

In a nuclear reaction, following laws are obeyed : 

1. Mass number is conserved. 2. Charge number is 
served. 3. Spin quantum number is conserved. 

Example. ,Be? + sHe* —> ,C!?* jn! 

Q. 3.02. A neutron strikes a ,B!° nucleus with the sub- 
ent emission of an alpha particle. Write the corres- 
iding nuclear reaction. Find the atomic number, mass 
nber and the chemical name of the remaining nucleus. 

(C.B.S.E. 1995 S) 
Sol. Let Len be the residual nucleus. Then, the nuclear 
ction may be expressed as 
ot + .B!o —> 7X4+ Het 
Since the nucleon number is conserved, we have 
A+4=1+10 or A=7 

Also, the proton number is separately conserved. There- 

e, 


i} 


Z+2=0+5 or Z=3 
The element having Z = 3 and A = 7 is lithium (Li). 
sre-fore, the nuclear reaction may be expressed as 
ot + ,B!° —> ,Li’ + ,He* 
Q. 3.03. What are alpha particles ? In the reaction 
7X4 —> Y+,He4, 
give the atomic number and mass number of Y. 
(H.S.S.C.E. 2002) 
Ans. Alpha particle. It is the nucleus of helium atom i.e. 
itains two protons and two neutrons. 
Atomic number of Y = Z—2 
and mass number of Y = A—4 
Q. 3.04. What is nuclear fission ? Give one represen- 
ive equation. (H.S.S.C.E. 2002) 
Ans. Nuclear fission. Refer to section 3.05. 
Example : 
g7U35 + gn! —> g¢Bal*! + ,,Kr? +3 oft! + energy 
Q. 3.05. Explain the term chain reaction with a suitable 
ample. (C.B.S.E. 1992) 
Ans. Refer to section 3.06. 
Q. 3.06. Uranium ,,U?*® is not suitable for chain 
action. Why ? (H.P.S.S.C.E. 2001, 1995) 
Ans. The natural uranium consists of three isotopes 
mely U233, U255 and U2. The three isotopes have relative 


undances of 0-006%, 0-714% and 99-28% respectively. The . 


yw moving neutron having energy of the order of 0-025 eV 
n cause the fission of U235 nuclei but the fission of U238 
clei can be carried out with fast neutrons having energy 
ore than 1 MeV. 

The natural uranium contains practically U?38 nuclei, as 
e percentage of U?*° nuclei is very small. Therefore, when 
utrons of energy even greater than 1 MeV are used to carry 
it the fission of U2** nuclei, the secondary neutrons get 
ywed down on colliding against U8 nuclei and they are 
y longer capable of causing further fission of U*8 nuclei. For 
is reason, U°8 is not suitable for chain reaction. 
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Q. 3.07. What is critical size and critical mass as regards 
to nuclear fission ? 

Ans. During nuclear fission of U5, three neutrons are 
produced in every fission reaction. These neutrons carry out 
the fission of the other U2*° nuclei in the U2”? block. In case, 
the size of U2*° block is small, a few neutron may be lost from 
the block without causing fission. In case, the number of 
neutrons lost per second is just equal to the number of 
neutrons produced per second, then the size of the U2 block 
is called the critical size and the corresponding mass of the 
block is called critical mass. 

Q. 3.08. What are thermal neutrons ? 

(P.S.S.C.E. 1999 S ; H.S.S.C.E. 1999 S ; C.B.S.E. 1993) 

Ans. The neutrons which have been slowed dewn as a 
result of the collisions against the hydrogen nuclei of the 
moderator are called thermal neutrons. Such neutrons 
possess energy of about 0-025 eV, which corresponds to the 


energy of the neutron at room temperature (= k T} . Such 


neutrons can cause the fission of ues nuclei. 

Q. 3.09. What is heavy water ? 

Ans. Two deutron atoms and an oxygen atom combine 
to form heavy water. Symbollically, heavy water is 
represented as D,O. In a nuclear reactor, heavy water is used 
as moderator to slow down the neutrons. 

Q. 3.10. Explain the role played by the moderator in a 
nuclear reactor. (H.P.S.S.C.E. 2000) 

Ans. In a nuclear reactor, the fast neutrons may escape. 
So that a sustained nuclear chain reaction can take place, 
neutrons are slowed down by using graphite rods or heavy 
water. Such materials used to slow down the neutrons are 
called moderator. 

Q. 3.11. Why are control rods made of cadmium in a 
nuclear reactor ? 

Ans. Cadmium can easily absorb neutrons. In a chain 
reaction, if all the neutrons produced are available to cause 
the fission of Uranium atoms, then the fission reaction may 
take place at an uncontrolled rate. The cadmium rods are used 
to absorb a suitable fraction of the neutrons produced and a 
controlled chain reaction is obtained. 

Q. 3.12. What is the purpose of (i) moderator and 
(ii) controller in a nuclear reactor ? (I.S.C.E. 1998) 

Ans. Moderator. Refer to SAQ 3.10. 

Controller. Refer to SAQ 3.11. 

Q. 3.13. What is neutron reproduction factor ? Explain. 

Ans. Refer to section 3.06. 

Q. 3.14. Name a few safety problems that a nuclear 
engineer must cope with in designing a nuclear reactor. 

Ans. The protective shield of the nuclear reactor should 
be strong enough to prevent the nuclear radiation from 
spreading to nearby space. Further, the nuclear waste in the 
reactor may still contain radioisotopes capable of emitting 
harmful radiation. Therefore, nuclear waste should be 
disposed off very carefully. 

Q. 3.15. What is a nuclear fusion reaction ? Why is 
nuclear fusion difficult to carry out ? 

Ans. Nuclear fusion reaction. Refer to section 3.08. 


The fusion reaction requires very high temperature 
(10° — 107 K) condition and it has to be obtained by causing 
explosion due to the fission process. Further, due to very high 
temperature, no material wall can sustain in the region, where 
fusion is to be carried out. 

Q. 3.16. A neutron is absorbed by a ,Li® nucleus with 
subsequent emission of an alpha particle. Write the corres- 
ponding nuclear reaction. Calculate the energy released in 
this reaction. 

Given that m (,Li°) = 6-015126 a.m.u. ; m (,He*) Es 
4-002604 a.m.u. ; m,, = 1-008665 a.m.u. ; m (,H*) = 3-016049 
a.m.u. (CE BISE CIOS) 

Sol. The nuclear reaction may be expressed as 

on! + 5Lif —> ,H?+.Het+Q, 
where Q is the energy released. 

If my(gLi®), m(,H?) and m(,He*) represent nuclear 
masses, then 

Q = [m,,+ my (gLi®) — my GH?) — my(He*)] x 931-5 

= [my + {m(,Li®) — 3 m,} — {mGH?°) - m,} 

— {m(,He4) — 2 m,}] x 931-5 
= [m,, + m(,Li®) — m(,H®) - m(,He*)] x 931-5 
= [1-008665 + 6-015126 — 3-016049 — 4.002604] x 931-5 
= 4-786 MeV 

Q. 3.17. Explain, why nuclear fission should precede 
nuclear fusion. 

Ans. The nuclear fusion reactions can take place under 
very high temperature condition, which is very difficult to 


Q. 3.01. If both the number of protons and the number 

of neutrons are conserved in each nuclear reaction, in 
what way is mass converted into energy (or vice-versa) ina 
nuclear reaction ? (Text Question) 

Ans. The total rest mass of protons and neutrons is same 
on the two sides of the nuclear reaction as their number is 
conserved. But the total binding energy of nuclei on the two 
sides need not be equal. The difference in these energies 
appears as the energy released or absorbed ( Q-value of the 
reaction ). Since binding energy contributes to mass, we say 
that the difference in the total mass of the nuclei on the two 
sides gets converted into energy and vice-versa. 

Q. 3.02. After a series of alpha and beta decays, plu- 

tonium-239 (,,Pu239) becomes lead-207 (,,Pb207). How 
many alpha and beta particles are emitted in the complete 


When a-decay takes place, mass number decreases by 4 
units, while atomic number by 2 units. On the other hand, 
when /-decay takes place, mass number remains unchanged 
and atomic number increases by one unit. 


1. What is a nuclear reaction ? State the conservation laws 
obeyed by a nuclear reaction. 

2. What is anuclear reaction ? Why do you mean by Q-value 
of a nuclear reaction ? 


obtain, However, the fusion reaction can be trig 
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atomic explosion involving nuclear fission. Once the 
begins, the energy liberated can maintain the minin 
required temperature and the fusion reaction continues. I 
for this reason that nuclear fission should precede nuck 
fusion. 

Q. 3.18. Differentiate between nuclear fission a 
fusion. 

Ans. Nuclear fission and fusion have the followi 
points of differences : 

1. Ina nuclear fission reaction, a heavy nucleus splits it 
two lighter nuclei, whereas in a nuclear fusion reaction, t 
light nuclei unite to form a heavier nucleus. 

2. The energy released per nucleon is very high in 
of nuclear fusion reaction in comparison to that in nucle 
fusion reaction. ' 

3. The nuclear fusion reaction can be carried out 0 
under very high temperature condition, while in case 
nuclear fission reaction, there is no such requirement. 

Q. 3.19. Explain the source of energy in stars. | 

(P.S.S.C.E. 20 

Or 

Explain the production of energy in stars. | 
(P.S.S.C.E. 1997, 201 

Ans. Refer to section 3.09. . 

Q. 3.20. How is the enormous amount of energy ins 
produced ? (Pre-degree Kerala, 19: 

Ans. Refer to section 3.09. | 
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Thus, mass number changes (decreases) only ina-dec 

In the given decay, mass number has decreased by 2 
~ 207 1.e. 32. 

Therefore, number of a-particle emitted = 32/4 =8 

Due to emission of 8 a-particles, the atomic numl 
should decrease by 8 x 2 = 161.e. atomic number should ha 
become 94 — 16 = 78. Since, atomic number of daugh 
nucleus is 82, the plutonium must have emitted f-particl 
As in a f-decay, atomic number increases by one unit, 1 
number of f-particles emitted = 82 — 78 = 4. 

Se. 3.03. Why is the neutron so effective as a bo 
barding particle ? 

Ans. If we use positively charged particles such 
proton, deutron ora-particle, they experience large repulsi 
due to atomic nuclei. On the other hand, the negativ 
charged particles such as electron will be repelled by 1 
electron cloud around the nucleus. 

However, neutrons having no charge can penetrate 1 
target without being repelled by the atomic nucleus or | 
electron cloud. The neutron increases the neutron to prot 
ratio of the nucleus and tends to make it unstable and het 
causes the nuclear reaction. 


Carrying 3 Marks 

3. Explain the phenomenon of fission. Give one repres 
tative equation. (EL SiS E1998 7 CBSE 19 

4. What is nuclear fission ? What is the source of energy 
nuclear fission ? (Pre-degree Kerala, 19 
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in reaction. 
Explain fission and state what is meant by fusion. 
(L.S.C.E. 1997) 
Ina controlled thermal fission reactor, what is the function 
of (i) the moderator, (ii) the control rods, (iii) the coolant 


What is nuclear fission ? Describe a 


and (iv) the heavy water ? (C.B.S.E. 2001 S) 
What is “nuclear fission’ ? Give an example to illustrate it. 
What is the importance of fission phenomenon ? 
(H.S.S.C.E. 2002) 
Draw a labelled diagram of a nuclear reactor and also write 
the functions of each part. (P.S.S.C.E. 2001) 


FREQUENTLY ASKED 


Explain the principle, construction and working of a 
nuclear reactor. (P.S.S.C.E. 2002) 
With the help of a labelled diagram, describe the construc- 
tion and working of a nuclear reactor. (H.S.S.C.E. 2001) 
Explain the principle involved in a nuclear reactor. Name 
the main components of a nuclear reactor and state the 
function of each component. (H.S.S.C.E. 2001) 


ee 


FREQUENTLY 


The nucleus of a polonium atom is represented as roe 
What do you mean by this ? Due to radioactivity, an alpha 
particle and two beta particles are ejected from it in 
succession. State the nuclear structure of the atoms formed 
at each stage. 

[Ans. Z = 84 and A = 218 ; g)Pb?"4, .,Bi?4, .,P07!4] 
An aluminium nucleus (,,Al?’) when bombarded by a 
proton, emits an a-particle and converts to the nucleus of 
another element. Write down the equation of this nuclear 
reaction. Of what element is the changed nucleus of this 
reaction ? What are the number of protons and that of 
neutrons in the changed nucleus ? 
[Ans. seal ch + ,H!— Me4 + >He* ; Magnesium ; 12, 12] 
Calculate the energy generated in kilowatt hours, when 100 
g of zLi’ are converted into He by proton bombardment. 
Given : mass of Ath atom = 7-0183 a.m.u., mass of Het 
atcm = 4-0040 a.m.u., mass of Ae atom = 1-0081 a.m.u. 

[Ans. 6-547 x 10° kWh] 


B. On Nuclear fission 
In the hypothetical fission reaction : 
pK TY EF 562? +B ort 

What are the values of the numbers a and b ? Calculate the 

total energy released per nuclear fission in MeV units, 

when the masses in a.m.u. units are of neutron = 

1-009, of X-nucleus = 235-891, of Y-nucleus = 140-673 and 

of Z nucleus 91-791. (C.B.S.E. 2001 S) 
[Ans. 56, 92, 372-4 MeV] 

If 200 MeV energy is released in the fission of a single 


nucleus of ur, how many fissions must occur per 
second to produce a power of 1 kW ? 

(PS.S.C.E. 1999, 1996 S) [Ans. 3-125 x 10! s"] 
Calculate the number of fission of U?*> taking place per 
hour in a nuclear reactor, which develops a power of 
10° kW. Given that the average energy released per 
fission is 200 MeV. [Ans. 1-125 x 1072] 
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What is nuclear fusion ? In what sense, is it different from 
nuclear fission ? 
Distinguish between nuclear fusion and nuclear fission 
reactions. (P.S.S.C.E. 2002) 
Explain the source of energy in sun. 
(C.B.S.E. 2000 ; H.P.S.S.C.E. 2000) 
Explain energy generation in stars. 
(HiS.S.GE. 1999';:C_B.S.F.°1995) 
Explain briefly about nuclear holocaust. 
(P.S.S.C.E. 2001) 


LONG ANSWER QUESTIONS 


Carrying 5 Marks 


Discuss the basic principle of a nuclear reactor as an 
example of controlled chain reaction. (H.S.S.C.E. 2000) 
Explain the process of release of energy in a nuclear reactor. 
Draw a labelled diagram of a nuclear reactor and write the 
function of each part. (CBSE. 1997) 
What is nuclear fission and nuclear fusion ? Give one 
example, each of fission and fusion. What is the cause of 
fusion ? (H.PS.S.C.E.“1998 S) 


For Practice 


Calculate the energy released by the fission of 2 g of BUS? 
in joule. Given, that energy released per fission is 200 MeV. 
[Ans. 1-64 x 10!! J] 
What is the power output of 92U* reactor, if it takes 30 
days to use up 2 kg of fuel and if each fission gives 185 
MeV of usable energy ? (Roorkee 1988) 
[Ans. 5-85 x 104 kW] 
Suppose that India has a target of producing by 2000 A.D. 
100,000 MW of electric power, 10% of which is to be 
obtained from nuclear power plants. Suppose, we are 
given that on an average, the efficiency of utilization (Le. 
conversion of electric energy produced in a reactor) is 25%. 
How much amount of fissionable uranium would our 
country need per year at the turn of this century ? Take 
the heat energy per fission of U2 to be about 200 MeV. 
Given, Avogadro number = 6-023 x 1073 rnol!. 
(Text Problem) [Ans. 1-538 x 104 kg] 
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Consider the following reaction : 
jH? + ,H? —> ,He*+Q 

If mass of the deuterium atom = 2-0141 a.m.u. and mass 
of helium atom = 4-0024 a.m.u., find the energy released 
in the reaction. (LLT. 1996) [Ans. 24-02 MeV] 
In a star, three a-particles join in succession to form Ce 
nucleus. How much energy is evolved in this reaction ? 
Take mass of <C!? nucleus as 12:000000 a.m.u. and that of 


a-particle as 4-002603 a.m.u. [Ans. 7:27 MeV] 
The sun is believed to be getting its energy from the 
fusion of four protons to form a helium nucleus and a 
pair of positrons. Calculate the release of energy per 
fusion in MeV. Mass of a proton = 1.007825 a.m.u. ; mass 
of positron = 0-000549 a.m.u. ; mass of helium nucleus 
= 4.002603 a.m.u. ; 1 a.m.u. is equivalent to 931 MeV. 
(Pre-degree Kerala, 1994) [Ans. 25-695 MeV] 


34Po ee oro —————> 


Proceed as in problem no. 1. 
The nuclear reaction takes place as below : 


ahi bh aH ea. He tO 


* Q=[m(gLi’) +mGH') - 2 m(yHe*)] x 931 
= [7-0183 + 1-0081 — 2x 4-0040] x 931 
= 17-13 MeV 

Now, number of Li” nuclei in 100 g 


23 
6-02 10 
n=——-———_ x 100 = 8-6 x 1074 


Therefore, total energy released, when 100 g of Li’ is 
converted into He* nuclei 

=n Q = 846 x 1074 x 17-13 MeV 

= 8-6 x 10%4 x 17-13 x 1-6 x 10-3 J (or Ws) 

_ 8-6x 1074 x 17-13 1-6 x 108 

iF 1000 x 60 x 60 

= 6-547 x 10° kWh 
SR es Nee eS ght 
Obviously, 92=a+36 or a=56 
Also, 236=141+b+3x1 or b=92 
Q=Imy — (my + mz + 3 m,)] x 931 

= [235-891 — (140-673 + 91-791 + 3 x 1-009)] x 931 
= 372-4 MeV 
Here, P = 1 kW = 10° W = 10° Js} 
Energy released in fission of one U9 nucleus, 
Q = 200 MeV = 200 x 1:6 x 10-13] 
Therefore, number of fission that should occur per second, 
3 

ii ore 2 a Bis = 3-125 x 1013 5-1 
Proceed as in problem no. 5. 
Number of U2?° nuclei in 2 g, 

es 6-02x 107 x2 

235 

Therefore, energy released, 
6-02x 1073 x 2 

235 


E=Nx200= x 200 MeV 


8. 


10. 


11. 
12. 


_ 6:02x 107 x 2x 200 x1-6x 1078 


235 
= 1-64 x 107 
Mass of U?9> used per second in the reactor, 
2x 10° 


22th OIE Lapel Ds Sh i 
m= "30 x 24x 60 x 60 6 


Therefore, number of fission reactions per second 
6-02 10% 
=——___——- Xm 
235 


_ 6-02 x 10 x 7-716 x 107* 
235 
Therefore, usable energy released per second or 
power of nuclear reactor 
= 1-9766 x 1018 x 185 MeV s} 
= 1-9766 x 1018 x 185 x 1-6 x 10-8 J s-1 
= 5-85 x 10” W = 5-85 x 104kW 
Energy released per fission = 200. MeV 
Efficiency of utilization = 25% 
Therefore, electrical energy produced per fission 
acts x 200 = 50 MeV 
100 
= 50 x 1-6 x 10° = 8.0 x 10°17 J 
Target of electric power = 100,000 MW 
Electric power to be obtained from nuclear plants 


= “an x 100,000 = 10,000 MW = 10!° J s~! 


=1-9766x10!8 . 


Electric energy required in one year 


= 10! x 60 x 60 x 24 x 365J 
Therefore, number of fission reactions required per ye 
_ 10" x 60 x 60 x 24 x 365 
i, 8-0x 10-7 
Hence, mass of U*35 needed per year 


28 
= x 3942 x 10 
6-023 x 10 


= 1.538 x 10” g = 1-538 x 104 kg 
Q = [2 m(,H?) - m(,He*)] x 931 
= (2 x 2.0141 — 40024) x 931 = 24-02 MeV 


Proceed as in problem no. 10. 
Proceed as in problem no. 10. 


= 3-942 x 1078 


cd nl Examination File one Vill) 
oe REVISION AT A GLANCE. 


Chapter 1, Structure of Nucieus 


O Thomson’s atom model. Ina sphere, the positive charge is uniformly distributed over the entire sphere and the electrons 
e embedded in it. The osciliations of electrons about their equilibrium positions give rise to radiations of definite frequency. 

O Rutherford’s atom model. Practically, entire mass of the atom and all its positive charge are concentrated in a small 
ntral core, while the electrons revolve around it. The central positive and massive core is called nucleus. 

0 Isotopes. The atoms of an element (same atomic number) having different mass number are called isotopes. 

0 Isobars. The atoms of different elements (different atomic number) having the same mass number are called isobars. 


O Atomic mass unit (a.m.u.). It is defined as + th of the mass of one ,C!? atom. Its value is given by 


1 am.u. = 1-660565 x 10°” kg = 931-5 MeV 

O Nuclear size. From scattering experiments, it is found that volume of a nucleus is always directly proportional to its 

ass number. It leads to the expression for nuclear radius as 
R=2R, AVS 
here R, = 1-1 x 107 1 mis vaown as nuclear unit radius. 

O Nuclear density. The density of nuclear matter is independent of the mass number of the nucleus and it is found to 
: of the order of 1017 kg m°*. 

O Nuclear forces. The forces holding the nucleons together inside the nucleus are called nuclear forces. These forces are short 
nge, basically very strong, charge independent, charge symmetric, spin dependent and non- central forces. These forces 
ist between nucleons due to exhcange of a-mesons (7°, a+ and a). 

O Mass defect. The difference between the sum of the masses of nucleons constituting a nucleus and the rest mass of the nucleus 
called mass defect. 

Mathematically : Am = [Z Mm, + (A —Z) m,] — my (7X4) 

= [Z m(,H!) + (A-Z) m,] — m(,X4) 

Here, m(7X“), m(;X4) and m(,H!) represent mass of the nucleus of atom 7X4, mass of atom 7X4 and mass of hydrogen 
om respectively. 

O Binding energy. The energy equivalent to mass defect of the nucleus is called its binding energy. 

Mathematically : B.E. = Am x 931-5 (in MeV) 

O Binding energy per nucleon. The average energy required to extract one nucleon from the nucleus is called its binding energy 
r nucleon. 

, B.E. 
Mathematically : B.E. per nucleon= rr 
O Packing fraction. It is defined as mass defect per nucleon of the nucleus. 


A 
Mathematically : Packing fraction = a 


ome Useful Facts : 
1. Rutherford a-scattering experiment established the existence of nucleus. 
2. Neutron is unstable particle outside the nucleus. 
3. Nuclear density is same for all nuclei i.e. independent of mass number of the nucleus. 


Chapter 2. Radioactivity 


O Radioactivity. The spontaneous transformation of an element into another with the emission of radiations, such as a, B and 
rays is called radioactivity. 

CO Radioactive decay law. The number of atoms of a radioactive sample disintegratin 1g per second at any time is directly proportional 
the number of atoms present at that time. 


Mathematically aN =—AN, 


here A is called decay constant of the radioactive substance. 
The above law may be expressed as 
N=Nuers! 
C Radioactive decay constant. It is defined as the reciprocal of the time during which the number of atoms of a radioactive substance 


1 
creases to - th of their original number. 


DO Activity of a radioactive suk 


Mathematically : ® =— ers 


The radioactive decay law can be expressed as 
jeer Ry est 
Units of activity : 1 curie (ci) = 3-7 x 10!° disintegrations s“ 
1 rutherford (rd) = 10° disintegrations s~ 
O Half-life. The half-life of a radioactive substance is defined as the time during which half of the atoms of a radioactive substan 
will disintegrate. 


Mathematically : T = — 
0 Average-life. It is defined as the average time for which the atoms of the radioactive substance exist. 
1 


Mathematically : T, = + 


It follows that T = 0-693 T, 
0 a-decay. It is represented by 
XO. werligon Nis sitipHe +O 
0 -decay. It is represented by 
Xi VA + se $54 
O y-decay. When on a or f-decay, the nucleus is left in excited state ; the nucleus goes to lower state or ground state k 
the emission of y-ray (radiation of very short wavelength). 


Some Useful Facts : 
1. The total life of a radioactive sample is infinite. 
2. After a time t (= n T), the fraction of the radioactive atoms left behind, 


(6) 


3. After a time t (= n T), the fractional activity of a radioactive sample. 


2 a Me 
“(a} “(2 
4. B-ray spectrum is continuous in nature, while ina-ray and y-ray spectrum, the emitted energy has only discrete value 


Chapter 3. Nuclear Reactions 

O Nuclear fission. The process of splitting of a heavy nucleus into two nuclei of nearly comparable masses with liberation of ener: 
is called nuclear fission. 

O Nuclear chain reaction. A nuclear reaction in which the projectile used to carry out the fission reaction (such as neutron 
U5 fission reaction) gets multiplied as more and more such fission reactions take place, is called nuclear chain reaction. 

O Critical size. The fissionable material is said to be of critical size, if the number of neutrons lost per second is just equal to t 
number of neutrons produced per second in the block. 

The mass of the fissionable material having critical size is called critical mass. 

O Nuclear reactor. The practical arrangement for carrying out controlled fission reaction so as to continuously obtain nucle 
energy is called a nuclear reactor. 

O Nuclear fusion. When two or more light nuclei fuse together to form a heavy nucleus with the liberation of energy, the proce 
is called nuclear fusion. 


Some Useful Facts : 
1. When nuclear fission and fusion reactions occur, in both cases, there is a decrease in nuclear mass. 
2. Thermonuciear fusion reactions are source of stellar energy. 


NUMERICAL PROBLEMS FROM COMPETITIVE EXAMINATIONS... 
Chapter1. Structure of Nucleus 


Problem 1.01. The binding energies per nucleon for Thought Process 
deutron (,H?) and helium (,He*) are 1-1 MeV and 7-0 MeV 
respectively. Calculate the energy released, when two Ge 
deutrons fuse to form a helium nucleus (,He’). 
(LLT. 1988) 


The energy released in the fusion reaction is equal to tl 
difference of final and initial binding energies. 


ol. Here, = of ,H? nucleus = 1-1 MeV ; 


B.E. 
7 of ,He* nucleus = 7-0 MeV 


The fusion reaction may be represented as 
,H? + ,H? > Het + Q 


=1-1x2=2-2 MeV 
Hence, total initial B.E. 
=2:2+2:2=44 MeV 
Also, total B.E. of »He* nucleus 
= 7-0 x 4= 28-0 MeV 
Therefore, energy released, 
Q = 2830 — 4-4 = 23-6 MeV 


Chapter 2. Radioactivity 


Problem 2.01. How many alpha and beta-particles are 
emitted, when uranium nucleus (,,U7**) decays to lead 
(g9Pb7) ? (M.N.R. 1987 ; LIT. 1985) 


Thought a 
The mass number in radioactive decay decreases only 
due to a-decay. For one a-particle emitted, mass 
number decreases by 4. On the other hand, the atomic 
number decreases by 2 on emission of an a-particle and 
increases by 1 on emission of a B-particle. 


Sol. Let n, and n, be the number of a-and -particles 
respectively, which transform a woo nucleus into .,Pb206. 
From principle of conservation of mass number : 
238 — n,x 4 = 206 or n,=8 
From principle of conservation of atomic number : 
92-n,x2+n,x1=82 or 92-8+n,=82 
or Ny =6 
Problem 2.02. There is a stream of neutrons with a 
kinetic energy of 0-0327 eV. If the half life of neutrons is 700 
s, what fraction of neutrons will decay before they travel a 
distance of 10 m? 
Given, mass of neutron = 1-675 x 10-7” kg. 
(L.1.T. 1986) 
Sol. Here, half life of neutrons, T = 700 s ; 
mass of neutron, m = 1-675 x 10?” kg ; 
and kinetic energy of a neutron, 


1 
>™ v* = 0-0327 eV = 0.0327 x 1-6 x 10719 J 


or 5% 1-675 1072” v2 =0-0327 x 1-6x 107? 


2x 0-327 x1-6x 107!” 
ee Th 37 10° m s7! 
1-675 10 


Therefore, time taken by neutron to travel 10 m, 


2:5x 10° 
Fraction of neutrons, that will be left after timet, is given 
by 
4x10 


Net ye 1) 700 57x 1076 
~=(-|. 1/2=|- =(0°5 
alglewe=15) ~ => 

= 0-999952 


Therefore, fraction of neutrons that will decay in time f, 


1— ~ =1~ 05999952 = 0-000048 = 48 x 10° 
0 


Problem 2.03. Some amount of a radioactive substance 
(half-life = 10 days) is spread inside a room and 
consequently, the level of radiation becomes 50 times the 
permissible level for normal occupancy of the room. After 
how many days, the room will be safe for occupation ? 

(M.N.R. 1992) 


of 


The time t after which the level of radiation will become 


1 
50 th of the present level is given by (in terms of half- 
life T) 
Nii(l er 
No (3) 


Sol. Here, half-life of the radioactive substance, 
T = 10 days 

Consider that the total number of radioactive atoms 
spread in the room are N, in number and due to their 
presence, the level of radiation is 50 times the permissible 
level. Suppose that the room becomes worth normal 
occupancy in time t. Obviously, in time t, the number of 
radioactive atoms in the room will become 


_No 
~ 50 
or No = on ...(i) 
N, 50 


If T is half-life of the radiation sample, then 


GG) 


From equations (i) and (ii), we have 


...(it) 


1\/T 
(5) = gy oO (0-5)'/T = 0-02 
Taking logarithm of both sides, we have 
ts log 0-5 = log 0-02 or t= (tate 
iL log 0-5 
or = 2: 3010 = el 670), x10 = 56-45 days 
1-6910 — 0-3010 


Problem 2.04. A count rate meter is used to measure the 
activity of a given sample. At one instant, the meter shows 
4750 counts min~!. Five minutes later, it shows 2700 counts 
min. Find (a) the decay constant and (b) the half-life of 
the sample. (Given, log,, 1-760 = 0-2455). 

(Roorkee, 1986 ; M.N.R. 1985) 


in the sample at Fe 0 and at t = 5 min respectively. 
Here, activity at t = 0, R, = 4750 counts min 
and activity at t= 5 min, R = 2700 counts min“!, 
According to radioactive decay law, 


activity at t = 0, R, =1N, 
4750 =A N, (i) 
Also, activity att = 5 min, R=AN 
2700 =A N ..-(1i) 
Dividing equation (i) by (i), we have 
4750 _ANg 
2700 AN 
or ws = 1-760 (iii) 
But the number of nuclei left after t = 5 min is given by 
N=N,e*** 
No _ 954 
or —+=¢ ...(i0) 
N 
From equations (iii) and (iv), we have 
eA = 1-760 


1 1 
ord a log, 1-760 = . X 2-3036 logig 1-760 


bo 2-3026 : 0-2455 E 0-113min-! 
(b) Half-life, T= O38 ae 098 = 6:13 min 
A 0-113 


Problem 2.05. A small quantity of solution containing 
Na*‘ radionuclide (half-life = 15 hours) of activity 1-0 uci 
is injected into the blood of a person. A sample of blood of 
volume 1 cm? taken after 5 hours shows an activity of 296 
disintegrations min“!. Determine the total volume of blood 
in the body of the person. Assume that the radioactive 
solution mixes uniformly in the blood of the person. 

Given, 1 curie = 3-7 x 10!°disintegrations s. 

‘ (LT. 1994) 

Sol. Here, half-life of Na?4 ; 

T = 15 hours = 15 x 60 x 60s 

Consider that the small quantity of Na** solution 
injected into the blood of the person contains total nuclei of 
Na”# equal to N, at the time t = 0. 

Initial activity of N. a4 solution, 

Rom 1 wena eee” 
= 3-7 x 104 disintegration s“! 


-693 
Now, Ry =ANo =——— No 
pth Fogtae. Nana 
ea, O6IR aes Oneae 
= 2-833 x 10? 


Suppose that at the time t = 0, 1 cm? sample of blood 
contained Na”! nuclei equal to N,’. Further suppose that the 
number of Na”4 nuclei in 1 cm? sample reduces to N’ in time 
t = 5 hours. Then, activity of 1 cm’ sample of the blood at 
t =5 his given by 


ew ed 
T 
or Ay tn ea ps 
0-693 


tegratio 


= = = 4-933 disintegration s! 
tee T ee eee ahs = 3814 1 
0-693 0-693 
N’ 1 t/T 
piel No (3) 


or No’ = N’ x (2)!/T = 3-844 x 10° x (2)5/15 

= 3-844 x 10°x 21/3» 

= 3-844 x 104 x 1-26 = 4-843 x 10° 
Therefore, volume of blood in the body of the person, 


y = No. _ 2:883% 10” 

No’ 4-843 10° 

Problem 2.06. A radioactive nucleus X decays to a 

nucleus Y with decay constant/, = 0-1s"1. Y further decays 

to a stable nucleus Z with a decay constant A, = 1/30 s“. 

Initially, there are only X nuclei and their number is 

N, = 107°. Set up the rate equations for the populations of 

X, Y and Z. The population of the Y nucleus as a function 
time is given by 


= 5-95 x 10° cm? 


(e~4v (Ad ex A 


Find the time at which Ny is maximum and determine 
the populations X and Y at that instant. (I.I.T. 2001) 

Sol. Here, number of X-nuclei at t = 0, Ny = 1029 

decay constant of X-nuclei, A, = 0-1 s7! 

and decay constant of Y-nuclei, Ay = 1/30 s 

At t = 0, number of both Y and Z-nuclei are zero. 

According to law of radioactivity, rate equation for the 
population of X-nuclei, 92 


—> = FAmNxew pee) 


The number of Y-nuclei decreases because of its decay 
but at the same time increases due to decay of X-nuclei into 
it. 

dN 
er =Ax Nx ~Ay Ny ---(ii) 

Since Z-nuclei formed due to the decay of Y-nuclei are 
stable, their number goes on increasing with the passage of 
time. 

dN 
ae Ay Ny ..-(lil) 

Now, population of Y-nuclei as a function of time is given 

by 


es ...(iV) 
= ...(0) 


From equations (ii) from (v), we have 


Nx =N, e7*x! 


(i) 


... (Vii) 


Now, 


dx [e ~lAyt = ext] 


as [evar ns e'x ‘| 


Ay Ny e- *Xt = Ay 


Ax iy Ay e Ax t 
dy 


—dy t 
or 4x 4 ext =e Ax! _ ag! 
Ay e x 


wd A ex —Ay)t 


or 


or 
Ay 
Ax 
or (Ax —Ay)t=log, Pass 
dy 
1 dy 1 0-1 
f= lo = 1 
Patiugeon ae OTe Lae ee 1700 
= 15 log, 3 
= 15 x 2:303 logyy 3 = 15 x 2-303 x 0.4771 
= 16-48 s 


To find populations of X and Y at t = 16-48 s: 
Again, Ny =N, e “x! 3 
Ny Cate® 16-48 sian pe Ols 166 
= 1070 x 1648 = 1.924 x 10 
From equation (vi), we have 


A 
Nye Ng 
¥. 


| a 
~. Ny (at t = 16-48 s) pe Nx (at t = 16-48 s) 
Y 


0-1 
vA /30 

Problem 2.07. Nuclei of a radioactive element A are 
being produced at a constant rate a. The element has a 
decay constant A. At time f = 0, there are N, nuclei of the 
element. 

(a) Calculate the number N of nuclei of A at time tf. 

(b) If =2N,/, calculate the number of nuclei of A after 
one half-life of AS and also the limiting value of N as t > 
00, (LL.T. 1998) 

Sol. (a) Let N, and N be the number of nuclei of 
radioactive element "A at times t = 0 and t = t respectively. 
Then, according to radioactive decay law, 


dt 
Since the rate at which nuclei of radioactive element A 
are produced is a, the net rate of decay of the nuclei of 


radioactive element A, 


x 1:924x10!? _ 5.579 x 1019 


eT ean tae to N 

dt 

dN 

= dt 
or =e 
Integrating both sides within proper limits, we have 
N t 
dN _ 1 

joxeJ@ or —Fiog, (a-AN)| il 


No 0 No 


or — 7 lose (a-—AN)- 7 7 Be (a= 4Ny)|=#=0 


1 a-AN a-AN 
Br MOk oem aNd vi 
ora =AN=(a-AN,)e7! 
or N==[a-(a-4N)) sd 49) 


It gives the number of nuclei of the radioactive element 
A at time ft. 

(b) Now,a=2N,4 

Therefore, from equation (i), number of nuclei of element 
at time f, 


N=—[2No 4-ANo)e~*"] 


or N=N,(2-e*4 ...(ii) 
Therefore, number of nuclei of element A after one half- 


life of A can be found by setting t = T = 8 2 
N=N, O—e-** 06074) = Ny (2— Be”) 


1 3 
=Ny|2-—|J==N 
[2-5] =gNo 


Also, number of nuclei of element A, when ft > © is 
given by 


N= Lt [Nj (2—e74!)]=Np (2-0) =2Ny 
t+ © 


Problem 2.08. A nucleus at rest undergoes a decay 
emitting an a-particle having de-Broglie wavelength 
A = 5-76 x 107) m. If the mass of the daughter nucleus is 
223-60 a.m.u. and that of the a-particle is 4-002 a.m.u., 
determine the total kinetic energy in the final state. Hence, 
obtain the mass of the parent nucleus in a.m.u. (1 a.m.u. = 
931-470 MeV) (I.L.T. 2001) 

Sol. Suppose that mass of parent nucleus X is M and 
it decays into daughter nucleus Y of mass M, by emitting 
a-particle of mass M,. The decay takes place as shown in 


Fig. 2.01. 
Dem sO o> 
Pi M, M, Pa 
(AT REST) 


Fig. 2.01 


+ > 

Let p and P2 be linear momentum of daughter nucleus 
and a-particle respectively. Since parent nucleus is at rest, 

from the conservation of linear momentum, 


> FS = > 
prtp,=0 or Ip l=lpy! 
Here, M, = 223-610 a.m.u. 
= 223-610 x 1-67 x 10-27 = 3-734 x 10° Kg 
M, = 4-002 a.m.u. 
= 4.002 x 1-67 x 10-27 = 6-683 x 10 kg 
Now, de-Broglie wavelength of a-particle, 


A=5-76x 1075 m 


= S149 x 10 ko ms 
Pe 576X101 ie 


Also, p, = 1:149 x 10-19 kg ms“ 
Let T, and T, be kinetic energy of daughter nucleus and 
a-particle respectively. Then, 
# ea pr? _ (1-149 107")? 
12M, 2x 3734x1072 
po? (1149x1079)? 
2M, 2x6-683x 1072” 
Therefore, total kinetic energy of the final state, 
T=T, + T, =0-177 x 107 + 9-877 x 10-8 
= 10-054 x 10°19 J 
_ 10-054x 107° 
oistd GAD 
If A m is mass defect, then 
M=(M,+M,)-Am 
Now, A m = mass equivalent to total kinetic energy of 


= 0-177 x 10°73 J 


and Ts = = 9-877 x 10-19 J 


= 6-284 MeV 


the final state = _6°284 | 
931-470 


Hence, M = (223-610 + 4-002) — 0-0067 = 227-605 a.m.u. 
Problem 2.09. In the chemical analysis of a rock, the 
mass ratio of two radioactive isotopes is found to be 100: 
1. The mean lives of the two isotopes are 4 x 10° years and 
2 x 10° years respectively. If it is assumed that at the time 
of formation, the atoms of both the two isotopes were in 
equal proportion, calculate the age of the rock. The ratio of 
the atomic weights of two isotopes is 1-02 : 1. 
(Roorkee, 1987) 
Sol. Let M, and Mg be the atomic weights of the two 
radioisotopes A and B present in the rock. Let mass of an atom 
of the two isotopes be m, and mp respectively. 
Since mass of an atom is directly proportional to the 
atomic weight of the element, we have 


= 0-0067 a.m.u. 


mp Mg 1 
If A a and Ap are decay constant of the two radioactive 
isotopes, then 


1 i 
A. 2 5 10 year 
A mean lifeofA 4x 10° ! 
1 -10 =] 
AR= =5 10 ear 
and “4B 2x 10°  eciget O 


Let at the time of formation of the rock i.e. at t = 0, the 
number of atoms of the two isotopes in the rock are Np, and 
Nop respectively. Since at the time of formation of the rock, 
the atoms of the two isotopes are in equal proportions, 

N 0A =] 
Nop 

Today, after time t (the age of the rock), suppose that the 
number of atoms of the two radioisotopes in the rock become 
N, and Ng respectively. Since the mass ratio of the two 
isotopes is found to be 100: 1, 

mass of radioisotope A at timef _ my X Na 
mass of radioisotope Bat timet mpg X Ng 


...{ii) 


=e t0d 
1 
or NA =100x ™B =100x—_ = 98-04 
Ng Ma 1-02 
Aat 
But Na _ Noa @ ‘ =1x e4p-Aa)t (- Ni =1) 
NEL jase, a 0B 
op —Aa)t . Na” 
Ng 
or 05X10 10-25x107")t _ 99.94 
—10 
or e79X10, t= 98-04 
or 2-5 x 10710 t = log, 98-04 = 2-3026 log, 98-4 
= 4.5890 
4-5890 
or = 18-36 x 10° years 


~ 2-5x 10720 


Chapter 3. Nuclear Reactions 


Problem 3.01. What is the power output of a .,U**° 
reactor, if it takes 30 days to use up 2 kg of fuel and of each 
fission gives 185 MeV of usable energy ? (Roorkee, 1988) 


Sol. Since 235 g i.e. 235 x 10-3 kg of U2 contains nuclei 
equal to Avogadro number ( = 6-02 x 10°), 
the number of U?** nuclei used in the reactor in 30 days 
6-023 x 1078 
~ 235x 1075 


Usable energy released during each fission = 185 MeV 
Therefore, energy output of the reactor in 30 days 


= 5-1234 x 1024 x 185 = 9-48 x 1026 MeV 
= 9-48 x 1076 x 1-6 x 10-19 = 1-517 x 1014 J 


Hence, power output of the reactor = energy released per 
second 


x 2=5-1234x 1074 


1-517 x 10!4 6 
= ——__________ W = 58-53 x 10° W = 58-53 MW 
30 xX 24 x 60 x 60 


Problem 3.02. In a nuclear reactor U7*> undergoes 
fission liberating 200 MeV of energy. The reactor has a 10% 
efficiency and produces 1000 MW power. If the reactor is 
to function for 10 years, find the total mass of uranium 
required. (L.L.T. 2001) 

Sol. Here, power of the nuclear reactor, 

P = 1000 MW = 10? W = 10?J s! 

Time for which reactor is to function, 

t = 10 years =10 x 365 x 24 x 60 x 60 = 3-1536 x 10° s 

Therefore, energy to be delivered by reactor in 10 years, 


W =P x t= 10? x 3-15 36 x 108 = 3-1536 x 10!7 J 


1 
Efficiency of reactor, 7 = 10% = — 


10 
Hence, actual energy, the reactor is required to produce, 
w= ™ _3.1536 x 10!7 x 10 = 3-1536 x 108 J 


yo 1 


Energy liberated on fission of one U235 atom, 
E = 200 MeV = 200 x 16 x 10° =3-2 x 10J 
Therefore, number of U2*° atoms required to produce 
the needed energy, 
w’ _ 3:1536x 10" 
BY 3-2 10-"" 
Number of moles of U*° needed, 


= 9.855 x 1028 


n 
e Avogadro number 
9-855 x 1078 ; 
ca) os Se LT ae 1-637 x 10 
6-02 x 10 


Hence, mass of U?95 needed, 
m= eX 235 = 1-637 x 10° x 235g 
1-637 x 10° x 235 
10° 
Problem 3.03. It is proposed to use the nuclear reaction : 
{H? + ,H? > ,He?* 
in a nuclear reactor of 200 MW rating. If the energy from the 
above reaction is used with a 25% efficiency in the reactor, 
how many grams of deuterium fuel will be needed per 
day ? The masses of ,H? and ,He? nuclei are 2-0141 a.m.u. 
and 4-0026 a.m.u. respectively. (I.LT. 1990) 
Sol. The fusion reaction used in reactor is 
{H? + ,H? — ,He?* 
Therefore, energy released per fusion reaction, 


E = [ my (1 H2) + my (12) —my(2He*)] x 931-5 


= 3-847 x 104 kg 


= (2-0141 + 2:0141 — 4.0026) x 931-5 
or E=23-846 MeV 
Power rating of the reactor, 
P =200 MW =200x 10°Js"! 
Energy to be produced per day, 
W =P x t=200 x 10° x 24 x 60 x 60 = 1-728 x 10!9J 


5 el 
Now, effici f th tong 25% = a = 
ow, efficiency of the reactor, 7 To i ta 


Hence, actual energy, the reactor is required to produce 
per day, 


wW_ 1-728x 10° 


W'=—= = 6-912 x 109 J 
n 1/4 
6-912x 10'° 
= 2 = 4.32 x 107° MeV 
1:6x10 


Therefore, number of fusion reactions needed per day, 


na WL 432% 1076 
ink w ey. 233846 
Since in one fusion reaction, two deutrons are required, 
the number of deutrons needed per day, 
N=nx2=181 x 10% x 2=3-62 x 10” 
Since a mass of 2 g of ,;H” contains number of deuterium 
nuclei equal to Avogadro number i.e.6-02 x 10%, 
mass of deuterium needed per day, 


=1-81x 107° 


N 3-62 10” 
Avogadronumber 6-02 10 
= 120-266 g 


PART I. TEXT-BASED QUESTIONS 


1. 


10. 


11. 


12. 


13. 


Rutherford a-scattering experiment concludes that 

(A) electrons are revolving around the nucleus. 

(B) there is heavy mass at centre. 

(C) electrons are scattered in space. 

(D) velocity of all electrons is same. (A,EM.C. 1997) 
Rutherford’s model of the atom was unstable, because 
(A) nuclei will break down. 

(B) electrons move in circular orbits. 

(C) orbitting electrons radiate energy. 
(D) electrons are repelled by the nucleus. 
Outside a nucleus, 

(A) neutron is stable. 

(B) proton and neutron are stable. 

(C) neutron is unstable. 

(D) neither neutron nor proton is stable. 
The energy equivalent of one atomic mass unit is 

(A) 16x 10719J (B) 6-02 x 1073 J 

(C) 931 MeV (D) 9-31MeV  (C.B.S.E. 1992) 
Nuclei having equal difference in the number of neutrons 
and protons are called 
(A) isotopes 

(C) isotones 


(GE-T)1999) 


(B) isobars 
(D) isodiaspheres. 

(A.F.M.C. 1998) 
The mass number of He is 4 and that of sulphur is 32. The 
radius of sulphur nucleus is larger than that of helium by 
the factor of 


(A) 8 (B) V8 

(C) 4 (D) 2 (C.B.S.E. 1995) 
The mass density of a nucleus varies with mass number A 
as 

(A) A? (B) A 

(C) constant (D) 1/A (C.B.S.E. 1992) 
Order of the magnitude of the density of uranium nucleus 
is [m,, = 1-67 x 10°” kg] 

(A) 107° kg m3 (B) 10!7 kgm 

(C) 10!4kg m? (D) 10! kg m3 (LT. 1999) 
The origin of nuclear force is ascribed to the exchange of 
the following particle between a pair of nucleons 

(A) mu-meson ~ (B) a-meson 

(C) electron (D) photon 

The binding energy per nucleon is almost constant for 
many nuclei. It shows that nuclear forces are 

(A) short range in nature. 

(B) attractive in nature. 

(C) charge independent. 

(D) saturated in nature. 

Which of the following nuclei is most stable ? 

(A) odd-even (B) even-odd 

(C) even-even (D) odd-odd. 

m,, and m,, are masses of proton and neutron respectively. 
An element of mass M has Z protons and N neutrons. Then, 
(A) M>Zm,+Nm, (B) M=Zm,+Nm,, 

(C) M<Zm,+Nm, 

(D) The mass M may be greater than, less than or equal to 


Z m, + N m,, depending on nature of element. 
(C.B.S.E, 2001) 
The mass defect of an atom of mass M, atomic number Z 
and mass number A is given by 


2 


\e 


\ 
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23. 


Chapter 1. Structure of Nucleus 


M ll 
(A) A (B) vAN 


(D) [Z m, + (A-Z) m,, + Zm,]—-M 

(Karnataka Entrance, 1992, 1988) 
The packing fraction for,N“ isotope, whose mass is 14-003 
a.m.u., is 
(A) 7-8 x 109 
(C) 1-0002 


(B) 2-1x 10+ 
(D 0-9 

(Karnataka Entrance, 1986) 
The average binding energy of a nucleon inside an atomic 
nucleus is about 
(A) 8 MeV (B) 8eV 
(C) 8 joule (D) 8erg (C.B.S.E. 1992) 
The binding energy per nucleon is maximum in the case 


(B) 4,Fe% 
(D) 4,075 (C.B.S.E. 1993) 
The mass defect for the nucleus of helium is 0-0303 a.m.u. 
What is the binding energy per nucleon for helium in 
MeV ? 
(A) 28 (B) 7 
(C) 4 (D) 1 (N.C.E.R.T. 1990) 
The binding energies per nucleon for a deutron and an 
a-particle are x, and x, respectively. The energy Q 
teleased in reaction 

,H? + ,H? > ,He! + Q is 
(A) 2 (x, — x,) (B) 2 (x, + x,) 
(C) 4 (x, +x) (D) 4 (x, -x,) 
The binding energy of hydrogen atom is 
(A) 1-0 eV (B) infinite 
(C) -—13-6eV (D) zero 
(Karnataka Entrance, 1988) 


(C.B.S.E. 1995) 


PART II. THOUGHT-BASED QUESTIONS 
20. 


The atomic weight of boron is 10-81 and it has two isotopes 
5B? and .B". The ratio of ,B’° to ,B™ in nature would be 
(A) 19:81 (B) 81:19 
(C) 15:16 (D) 10:11 

(Karnataka Entrance, 1994) 
Let m, be the mass of a proton, m,, the mass of a neutron, 
M, the mass of a ,,Ne”? nucleus and M, the mass of a So 
nucleus. Then, 
(A) M,=2M, 
(C) M,<2M, 


(B) M,>2M, 
(D) M, < 10 (m,, + m,) 
(LLT. 1998) 

If the elements with principal quantum numberz > 4, were 
not allowed in nature, the number of possible elements 
would be 
(A) 60 (B) 32 
(C) 4 (D) 64 
The mass number of a nucleus is 
(A) always less than its atomic number. 
(B) always more than its atomic number. 
(C) sometimes equal to its atomic number. 
(D) sometimes more than and sometimes equal to its atomic 

number. (LT. 1986) 


(LLT. 1983) 


25. 


(A) it contains electrons. 
(B) of uncertainty principle. 

(C) it may have isotopes. 

(D) it may have isobars. 

Binding energy per nucleon versus mass number curve for 


26. 


Bit ¢ wn in the 
’ indicated on the curve. Th 


e energy, the process would 

release, is 

(A) Y>2Z (B) W>X+Z 

(Cc) WS>2zyY (D) X>3Y+Z 

The mass of an a-particle is 

(A). less than the sum of the masses of two protons and two 
neutrons. 

(B) equal to mass of four protons. 

(C) equal to mass of four neutrons. 

(D) equal to sum of masses of two protons and two 
neutrons. KEBS-E. 1992) 


(LLT. 1999) 


Chapter 2. Radioactivity 


PART I. TEXT-BASED QUESTIONS 


1. 


Which of the following is a correct statement ? 
(A) Beta rays are same as cathode rays. 
(B) Gamma rays are high energy neutrons. 
(C) Alpha particles are singly ionised helium atoms. 
(D) protons and neutrons have exactly the same mass. 
(LIT. 1999) 
Which of the following is positively charged ? 
(A) a-particle (B) f-particle 
(C) y-rays (D) X-rays (C.B.S.E. 2001) 
If L,, I, and I, are ionising powers of a, B and y-rays, then 
(A) L>1,>k (B) I,<1,<l, 
(C) 1,>1,but 1,<I,  (D) I, <1, but I, > I. 
In a given reaction : 
7XA— 74 ¥4 9 11K —> zak*™, 

the radioactive radiations are emitted in the sequence of 
(A) a, B, vy (B) Y, &, B 
(C) Bay (D) y,B,@ 

(C.B.S.E. 1993 ; similar C.P.M.T. 1990) 
Ne22 nucleus, after absorbing energy, decays into two 
a-particles and an unknown nucleus. The unknown 
nucleus is 
(A) nitrogen (B) carbon 
(C) boron (D) oxygen. CELT. 1999) 
A nucleus ,Y”emits one a and two f-particles. The 
resulting nucleus is 


Oo s eget 
(ON (DP Xe TS (C.B.S.E. 1998) 


The radioactive nucleus ,U** emits an a-particle and the 

daughter nucleus a f-particle. The charge number and the 

mass of the final nucleus are 

(A) 91, 234 (B) 92, 234 

(C) 90, 234 (D) 93, 234 

After one a and two f-emissions : 

(A) mass number reduces by 2. 

(B) mass number reduces by 4. 

(C) mass number reduces by 6. 

(D) atomic number remains unchanged. (C.B.S.E. 1999) 

What is the respective number of a andf particles emitted 

in the following radioactive decay ? 
8 Sag ——s; ay 

(A) 6and 8 (B) 6and6 

(C) 8and8 (D) 8 and 6. 


\ 


xm -4 


(C.B:S.E. 1995) 
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16. 


17. 


(C) 70% 


The half life of I!31 is 8 days. Given a sample of I’? at time 
t = 0, we can assert that 
(A) no nucleus will decay before t = 4 days. 
(B) no nucleus will decay before t = 8 days. 
(C) all nuclei will decay before t = 16 days. 
(D) a given nucleus may decay at any time after t = 0. 
(L.1.T. 1998) 
In which radioactive disintegration, a neutron is 
dissociated into a proton and an electron ? 
(A) Hett emission. (B) f-emission. 
(C) y-emission. (D) positron emission. 
(A.F.M.C. 1995) 
Half-life of a radioactive element depends upon 
(A) the amount of element present. 
(B) temperature. 
(C) pressure. 
(D) nature of material. (A.F-M.C. 1996 ; N.C.E.R.T. 1978) 
A radioactive sample with a half life of 1 month has the 
label : “Activity = 2 ci on 1.8.1991’. What was its activity 
two months earlier ? 
(A) 1-0 uci (B) 0-5 uci 
(C) 4uci (D) 8 uci (C.B.S.E. 1992) 
The decay constant of radioactive element radium is 
4-28 x 10 year . Its half-life will be 
(A) 2000 years (B) 1240 years 
(C) 63 years (D) 1620 years 
(A.E.M.C. 1998) 
If 10% of a radioactive material decays in 5 days, then 
the amount of original material left after 20 days is 
approximately : 
(A) 60% (B) 65% 
(D) 75% (A.EM.C. 1998) 
If the half-life period of a radioactive substance is 225-8 
min, then the value of the decay constant is 
(A) 31x 103 mint, (B) 3-1.« 104 min. 
(C) 31x10 mint. (D) 3-1 x 10? min. 
(C.B.S.E. 1999 ; A.F.M.C. 1997) 
Half-lives of two radioactive substances A and B are 20 min 
and 40 min respectively. Initially, the samples of A and B 
have equal number of nuclei. After 80 min, the ratio of 
remaining number of A and B nuclei is 
(A) 1:16 (B) 1:4 


(©) all (D) 4:1 (C.B.S.E. 1998) 
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21. 


22. 


23. 


24. 


25. 


26. 
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28. 


29. 


t will remain ? 


Ay (ay RR ‘ 
(A) 2 16 
1 1 
(C) 8 (D) 4 (C.B.S.E. 1993) 


After a time equal to five half-lives, the amount of 
radioactive material remaining undecayed is : 
(A) 20% (B) 10% 
(C) 5% (D) 3% 

(A.EM.C. 1996 ; N.C.E.R.T. 1990) 
A sample of radioactive element contains 4 x 10” active 
nuclei. If half-life of element is 10 days, then the number 
of decayed nuclei after 30 days is 
(A) 0-5 x 1010 (B) 2x 1010 
(C) 3:5 x 1010 (D) 1x 1010 (C.B.S.E. 2002) 
Half-life period of a radioactive substance is 6 h. After 
24 h, activity is 0-01 uci. What was the initial activity ? 
(A) 0-04 uci (B) 0-08 uci 
(C) 0-24 uci (D) 0-16 uci (C.B.S.E. 2001) 
The half life of At?15 is 100 ws. The time taken for the 
radioactivity of a sample of At?!5 to decay to 1/16th of its 
initial value is 
(A) 400 us (B) 634s 
(C) 40 us (D) 300 us (LT. 2002) 
Half-life of a radioactive substance is 12-5 h and its mass 
is 256 g. After what time, the amount of remaining 
substance is 1 g ? 
(A) 75h (B) 100h 
(C) 125h (D) 150h (C.B.S.E. 2001) 
The half-life of a radioactive material is 3 h. If the initial 
amount is 300 g, then after 18h, it will remain 
(A) 468 g (B) 46-8 ¢ 
(C)  9:375. g (D) 93-75 g (C.B.S.E. 2000) 
The half-life of radioactive radon is 3-8 days. The time at 


1 
the end of which 20 th of the radon sample will remain 


undecayed is (given log,, e = 0-4343) 

(A) 13-8 days (B) 16-4 days 

(C) 33 days (D) 76 days. (LIT. 1981) 
The relationship between desintegration constant (1) and 
half-life (T) will be : 


(A) 4 — 108102 (B) ya Be 2 
T T 


(C) A= age 
a log, 2 


If the decay constant of a radioactive substance is J, then 
its half-life and mean-life are respectively 


(D) j= 28? (C.B.S.E. 2000) 


1 log, 2 log, 2 1 

— and —22* be £ ae 

(A) qan 1 (B) 4 and 1 
1 A d 1 

(C) Alog, 2and ~ (D) log, 2 ony, 


(M.N.R., 1990 ; I.LT. 1989) 
The half life of a radioactive substance as compared to its 
mean life is 
(A) smaller and 69-3%. = 
(B) smaller and 30-:7%. 
(C) larger and 30-7%. 
(D) larger and 69-3%. (C.E.T. 1998) 
The electron emitted in beta radiation originates from 
(A) inner orbits of atoms 
(B) free electrons existing in nuclei 


} 4 
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31. 


32. 


33. 


34. 


35. 


36. 


: cece a EL ‘ 
(D) photon escaping from the nucleus. 


wey 


(LLT. 2001) 
Beta rays emitted by a radioactive material are 

(A) electromagnetic radiations. 

(B) the electrons orbiting around the nucleus. 
(C) charged particles emitted by nucleus. 

(D) neutral particles. 

Neutrino is a particle with 

(A) chargeless property and has no spin. 

(B) chargeless property and has spin. 

(C)_ charged like electron and has spin. 

(D) the same as neutron. (Karnataka Entrance, 1993) 

The nucleus of ,,Cd™5, after two successive f- decays will 


(LLT. 1983) 


give 

(A) grat (B) ggin!4 

(C) .,Sn113 (D) .,Sn115 (C.B.S.E. 1992) 
50 5 


The nucleus ,C! absorbs an energetic neutron and emits 
a B-particle. The resulting nucleus is 


(A) gNi4 (B) 5b 

(C) ,NB (D)2 2c (C.B.S.E. 1990) 
A positron has the same mass as 

(A) proton (B) a-particle 

(C) neutron (D) electron. (A.FM.C. 1993) 


Which one of the following represents a y-decay ? 
(A) 7XA+y—>,_,YA+a+b 
(B) 7X4+ nI—3,_,YA-3 +¢ 
(D) 7X4+_,e°—>7_YA+¢ _(LLT. 2002) 
The radioactive isotope used to study thyroid gland is 
(A) carbon. (B) cobalt. 
(C) iron. (D) iodine. 
(Karnataka Entrance, 1993) 


PART II. THOUGHT-BASED QUESTIONS 


37. 


38. 


39. 


The same radioactive nucleus may emit 

(A) either a or f and y at a time. 

(B) all the three a, B and y one after another. 

(C) all the three a, 8 and y simultaneously. 

(D) only @ and £ simultaneously. (LLT. 1986) 
A radioactive sample consists of two distinct species 
having equal number of atoms initially. The mean life of 
one species is t and that of the other is 5 r. The decay 
products in both cases are stable. A plot is made of the 
total number of radioactive nuclei as a function of time. 
Which of the following figures best represents the form 
of the plot ? 


koe IZ 
N N 
to bh T ti—> 
(A) (B) 
N N 
| tt— t — 
(C) (D) 
(LL.T. 2001) 


The counting rate observed from a radioactive source at 
t = 0 was 1600 counts s~ and at ¢ = 8 s, it was 100 counts 


40. 


41. 


: will be 


(A) 400 (B) 300 
(C) 200 (D) 150 (M.N.R. 1991) 
The count rate of a Geiger Muller counter for the radiation 
of the radioactive material of half-life 30 min decreases to 
5 s-! after 2 hours. The initial count rate was 
(A) 20s71 (B) 25s 
(C) 80s1 (D) 625s! 
(A.EM.C. 1997 ; C.B.S.E. 1995) 
What is the mass of one curie of U*4 ? 
(A) 1-438 x10" g (B) 2-348 x 10g 
(C) 3-7 x10-%¢g 
(M.N.R. 1985) 
Radon —220 will eventually decay to bismuth — 212 as 
ggRn7!° — ,,Po076 + Het ; half-life = 55s 
ggPo7!6 — .,Pb?!2 + ,Het ; half-life = 0-16 s 


g2Pb7!? > ,,Bi7!? + _,e°; half-life = 10-6 h 46. 


If a certain mass of radon-220 is allowed to decay in a 
certain container, after five minutes, the element with the 
greatest mass will be 
(A) radon 

(C) lead 


(B) polonium 
(D) bismuth 
(Karnataka Entrance, 1992, 1989) 


44, 


(D) 6-25 x 104g 45. 


emits radiation of intensit 
permissible safe level. The minimum time after which it 
would be possible to work safely with the source is 

(A) 6 hours (B) 12 hours 

(C) 24 hours (D) 128 hours (LLT. 1988) 
The half-life period of a radioactive element X is same as 
the mean-life time of another radioactive element Y. 
Initially, both of them have the same number of atoms. 
Then, 

(A) X and Y have the same decay rate initially. 

(B) X and Y decay at the same rate always. 

(C) Y will decay at a faster rate than X. 

(D) X will decay at a faster rate than Y. (LLT. 1999) 
Two radioactive materials X, and X, have decay constants 
10 A and A respectively. If initially, they have the same 
number of nuclei, then the ratio of the number of nuclei 
of X, to that of X, will be 1/e after a time 

(A), 1/104 (B) 1/11A 

(C) 11/104 (D) 1/94 (LLT. 2000) 
Carbon-14 decays with a half-life of about 5,800 years. In 
a sample of bone, the ratio of carbon-14 to carbon-12 is 
found to be 1/4 of what it is in free air. This bone may 
belong to a period about x centuries ago, where x is nearest 
to: 

(A) 2x58 
(C) 58/2 


(B) 58 
(D) 3x58 
(Karnataka Entrance, 1994) 


Chapter 3. Nuclear Reactions 


PART I. TEXT-BASED QUESTIONS 


1. 


In the nuclear reaction : 


«Ccll— Bl + Bt +X, ss 
what does X stand for ? 
(A) An electron (B) Aproton 
(C) Aneutron (D) A neutrino (LIT. 1992) 
When a deuterium is bombarded on ,O1° nucleus, an 
a-particle is emitted. Then the product nucleus is 
(A) ane (B) Bis 9. 


(C) ,Be? (D) ,N™4 

A nuclear decay is expressed as : 
«Ci — BU + pt +X 

Then the unknown particle X is : 

(A) neutron (B) antineutrino 

(C) proton (D) neutrino 

The element X, when bombarded by neutron produces an 

a-particle and ,Li’. The element X is 

(A) jHe* (B) ;B!° 

(C) 5B? (D) ,Bel! (C.B.S.E. 2001) 

Which of the following is not a mode of radioactive decay ? 

(A) Position emission 

(B) Electron capture 

(C) Fusion 

(D) Alpha decay 

Complete the equation for the following fission process : 

oft + gui— aor’ Hv vcees 
(A) 54Xel46 (B) 54Xel4 + yn! 
(©) <4Xe!? +3 gn! (D) 54Xe!4 + on! 


(C.B.S.E. 2002) 


va 


(C.B.S.E..1998) 43, 


Nuclear fission can be explained by : 
(A) proton-proton cycle 

(B) shell model of nucleus 

(C) liquid drop model of nucleus 


(C.B.S.E. 2000) 10. 


batt 


(N.C.E.R.T. 1978) 12. 


(D) independent of nuclear model of nucleus 
(C.B.S.E. 203 

In nuclear fission process, energy is released, because 
(A) mass of particles is more than mass of nucleus 
(B) total binding energy of products formed due to nuclear 
fission is more than the parent fissionable material 
total binding energy of products formed due to nuc! 
fission is less than parent fissionable material. 
mass of some particles is converted into energy. 

(C.B.S.E. 2001) 


Energy released in the fission of a single U”*° nucleus is 


200 MeV. The fission rate of a U25 fuelled reactor 
operating at a power level of 5 W is 


(A) 1-56 x 1015-1 (B) 1-56 x 104! 571 


(C) 1-56 x 101s! (D) 1-56 x 10!7 s1 
(@BSIEN993) 

The most abundant isotope of natural uranium is 

(A) re Gres (B) sa 

(Cy, Lue (D) none of the above. 

The critical mass of a fission reaction is 

(A) the mass to start a nuclear fission reaction. 

(B) the minimum mass for the chain reaction. 

(C)_ the size of the reactor core. 

(D) the size of the fuel + the size of the moderator. 

(Karnataka Entrance, 1990, 1989) 

Which of the following arc suitable for the fusion 

process ? 

(A) light nuclei (B) heavy nuclei 

(C) elements lying in the middle of periodic table 

(D) elements lying in the middle of binding energy curve. 
(C.B.S.E. 2002) 


(C) 


(D) 


In the fusion reaction 

jH? + ,H? —> ,H® + ,H'+Q, 
about 4 MeV of energy is released. How much energy will 
approximately be released, if all the atoms of 1 kg of 
deuterium could undergo fusion ? 
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A) 27 


(C) 6x 1077 calories  (D) 8 x 1073 MeV (M.N.R. 1985) 
Which of the following is used as moderator in nuclear 
reaction ? 

(A) Uranium (B) Heavy water 

(C) Cadmium (D) Plutonium (C.B.S.E. 1997) 
In a nuclear reactor, cadmium rods are used to 


‘(A) speed up neutrons. 


(B) slow down neutrons. 


_(C) absorb some neutrons. 


(D) take out nuclear energy. 
(Karnataka Entrance, 1993, 1988) 

Sharavathy hydroelectric project is expected to produce 
about 1000 MW of power. This is equivalent to the 
conversion of a certain mass of matter into energy 
completely, say in a reactor. This amount is 
(A) 4kg per second 
(B) 4 tons per hour 
(C) 0-01 mg per second 
(D) 10:2 mg persecond. (Karnataka Entrance, 1992, 1988) 
Fusion reactions take place at hight temperature, because 
(A) atoms are ionised at high temperature. 
(B) molecules break up at high temperature. 
(C) nuclei break up at high temperature. 
(D) kinetic energy is high enough to overcome repulsion 

between nuclei. (S.C.R.A. 1996) 
Hydrogen bomb is based upon 
(A) fission (B) fusion 
(C) fission and fusion. (D) none of the above. 
The energy released in a typical nuclear fusion reaction is 


approximately 
(A) 24 MeV (B) 200 MeV 
(C). 800 MeV (D). 1050 MeV (ity T 11992) 


Energy generation in stars in mainly due to 
(A) nuclear fusion. (B) nuclear fission. 
(C). gravitational pull. (D) chemical reactions. 
(C.E.T. 1998) 
Solar energy is due to 
(A) fusion reactions. (B) fission reactions. 
(C) combustion reactions. 


(D) chemical reactions. (C.B.S.E. 1992) 


24. 


25. 


26. 


by | 

15P°° — 44Si°° + X, . 
the emitted particle X is 
(A) neutron. (B) proton. 


(C) electron. (D) positron. . 
(Karnataka ,1990 


PART Il. THOUGHT-BASED QUESTIONS 


23. Consider the fission reaction : 


ever > xil7 na yll7 +2 ot 
i.e. two nuclei of same mass number 117 are formed alor 
with two neutrons. The binding energy per nucleon of 
and Y is 8-5 MeV, whereas that of U2°6 is 7-6 MeV. The tot 
energy liberated will be about : 
(A) 2 MeV : (B) 20 MeV 
(C) 200 MeV (D) 2000 MeV (C.P.M.T. 197 
Which of the following undergo fission reaction easily k 
slow moving neutrons ? 


(A) U5, Pu239 (B) Pu®?, Th?4 

(C) 0798, Rn232 (D), Th?34, U238 

From the following equations, pick out the possib! 
nuclear fusion reactions : 


(A) .C!8 + jH!—> ,C#4 + 4.3 MeV 

(B) .Cl? + ,H!—> .N}9 +2 MeV 

(C) 7N'4+,H!—> ,0 + 7.3 MeV 

(D) g,U*° + n1 —> 5,Xe™? + .Sr94 + 2 on! + + 200 Me 
(LLT. 198 


A star initially has 10° deutrons. It produces energy via tk 
process 


,H? + ,H? —> ,H® + ,H! and 

,H? + ,H®? —> ,He* + ,n1 
The masses of the nuclei are as follows : M(H, ) = 2-01 
a.m.u., m, = 1-007 a.m.u., and m,, = 1.003 a.m.u., M(He*) 


4-001 a.m.u. If the average power radiated by the star | 
1016 W, the deutron Egy of the stari is i a ina tim 
of the order of | 


(A) 10°s 
(C) 10125 


(B) 108 s 


(D) 10s (LLT. 199: 


_.____ ANSWERS TO MULTIPLE CHOICE QUESTIONS 


Chapter 1. Structure of Nucleus 


1. (B) 2. (C) 3. (C) 4. (C) 5. (D) 
11. (C) 22 (GC) 13. (D) 14. (A) 15. (A) 
21. (C&D) 22. (A) 23. (D) 24. (C) 25. (C) 
Chapter 2. Radioactivity 
1, (A) BETA) 3. (A) aga | 5. (B) 
11. (B) 12. (D) 13. (D) 14. (D) 15. (B) 
21. (D) 22. (A) 23. (B) "24. (A) 25. (B) 
31. (B) 32. (D) 33. (C) 34. (D) 35. (C) 
41. (A) 42. (C) 43. (B) 44. (C) 45. (D) 
Chapter 3. Nuclear Reactions 
1. (@) 2. (D) 3. (D) 4. (B) 5. (C) 
11. (B) 12. (A) 13. (B) 14. (B) 15. (C) 
21. (A) 22. (D) 23. (C) 24. (A) 25. 


6. 
16. 
26. 


16. 
(B&O) 26. 


(D) Fn. (C) 8. (B) 9. (B) 10. (D) 
(B) Bee (Da U)). ee CL)) 20. (A) 
(A) 


(D) 7. (A) 8. (B&D) 9. (D) 10. (D) 
(A) 17.) (Byige ase (DB), eel an (E)) 20. (C) 


sa) 272 (B)rep28e (A) > 29. KG) 30. (C) 
» (D) 37. (A) "38. (D) ~ 39.*(C) 40. (C) 
. (A) is 


(C) 7. (C) 8. (B) 9. (B) 10. (A) 
(C) 17, (D) 18. (B) 19. (A) 20. (A) 
(C) 
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™ 1.01.SOLIDS 

All solids have the property of elasticity and by virtue of this property, the 
lids behave as incompressible substances and exhibit rigidity and the mechanical 
ength. Basically, all solids are made of atoms and molecules but due to the 
fferent internal arrangement of the molecules inside them, they are divided into 
‘0 classes ; namely crystalline and amorphous materials. 


M 4.02. CRYSTALLINE MATERIALS 


The crystalline materials are those in which atoms or molecules are arranged in a 
finite and regular way throughout the body of the crystal and possess a definite external 
ometrical shape. — 

A few examples of crystalline substances are quartz, mica, sugar, copper 
phate, sodium chloride, etc. 

The crystalline substances have the following characteristics : 

1. The atoms or molecules constituting a crystalline solid are arranged in a 
finite and regular manner inside the crystal. Due to this, crystalline materials have 
finite external geometrical shape. 

2. The orderly arrangement of atoms and molecules in a crystal extends over 
large volume of the crystali.e. crystals exhibit a long range order of the atoms and 
olecules. 

3. Crystalline substances are bounded by flat surfaces. 

4. Crystalline substances are anisotropic i.e. the physical properties like thermal 
nductivity, electrical conductivity, compressibility, etc have different values in different 
irections. 

5. Crystalline materials possess uniform chemical composition i.e. bonds 
etween all the ions, atoms or molecules are of equal strength. 

6. A crystalline material has a sharp melting point. It is because, all the bonds 
etween its constituents are of equal strength ; and on heating, all the bonds get 
uptured suddenly at a fixed temperature. Due to this, the change from solid state 
) the liquid state occurs suddenly. 

7. Below the temperature of crystallisation, the crystalline materials are in stable 
tate. Since a stable state is the state of minimum energy, such a material acquires 
state of minimum energy on crystallisation. 

MM 1.03. AMORPHOUS MATERIALS 

The amorphous materials are those in which atoms or molecules are arranged in an 
rregular manner and do not have definite external geometrical shape. A few examples of 
morphous materials are glass, rubber, sulphur, etc. 

The amorphous substances have the following characteristics : 

1. The atoms or molecules constituting an amorphous solid are arranged in an 
rregular manner within the solid. Due to this, the amorphous solids do not have 
lefinite.external geometrical shape. 

2. Since the distribution of atoms or molecules in such solids is random and 
haotic, such solids are not bounded by flat surfaces. 

3. The amorphous materials are isotropic i.e. they have same physical properties 
n all directions. 

4. Amorphous solids do not possess uniform chemical composition. Due to this, 
sonds between all the atoms and molecules are not of equal strength. 

5. Amorphous solids do not have sharp melting point. It is because, bonds 
between all the atoms and molecules are not of equal strength. On heating, the 
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Majority of solids in nature have ordered 
internal structure. 


—————— 


athe jargon..... 
The word amorphous means shapeless. 
—— 
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weaker bonds get ruptured first and the stronger ones later on. Due to this, chang 
of the state does not occur at a fixed temperature. 


MS 1.04. CRYSTAL STRUCTURE 

In order to make a study of the structure of different types of crystals, it is 
necessary to acquaint ourselves with the following terms : 

Crystal lattice. A crystal lattice is defined as the infinite array of atoms and molecules 
in space (three dimensions), such that at every point, an atom or the molecule has got the 
identical surroundings. 

Fig. 1.01 shows a two dimensional crystal lattice. Taking P as some arbitrary 
point representing the position of some atom, we find that along PA, the distance 
between adjecent points (atoms) is one unit (assuming the interatomic distance as 
to be one unit). Along PB, the points lie at a fixed distance /2 units apart ; while 
along PC, the points lie at distances of /5 units. The same is true for the separation 
between the points in any other direction and when extended infinitely. It, therefore, 
satisfies the definition of a two dimensional lattice. 

The actual crystal lattice is three dimensional. The arrangement of atoms in a 
three dimensional crystal lattice is similar to that in two dimensional crystal lattice 
explained above. 

Unit cells. The entire lattice structure of a crystal is found to consist of identical 
blocks, called unit cells. 

The unit cell is the smallest block or geometrical figure from which the crystal is built 
up by repetition in three dimensions. 

Thus, a unit cell is a fundamental elementary pattern, as it is repeated again and 
again in the three dimensions to form lattice structure of the crystal. Fig. 1.02 
represents a unit cell in general. 


Fig. 1.02. ig..1 03: 

Fig. 1.03 shows how the entire three-dimensional crystal can be obtained by 
identically and periodically repeating the same unit cell again and again in three 
different directions in space. 

The following terms are connected with the study of the unit cell of a crystal : 


(i ) Crystallographic axes. These are the lines drawn parallel to the lines of intersection, 


of any three faces of the unit cell, which do not lie in the same plane. In Fig. 1.02, OX, OY 
and OZ are the crystallographic axes. 

(ti) Primitives. The three sides of the unit cell are called primitives. They are denoted 
by a, b and c and they are also known as lattice constants. 

(tii ) Interfacial angles. The angles between three crystallographic axes of the unit 
cell are interfacial angles. They are denoted by a, Band y. 

The structure of a crystal is fully defined by lattice constants a, b, c and the 
interfacial angles a, B, y. 


Ma (05. CRYSTAL SYSTEMS 

From the point of view of the shape of the unit cell, all the crystals have been 
divided into seven crystal systems. In the order of their growth, the seven crystal 
systems are as given below : 

1. Triclinic system. For this system,a#b # c; a#B #7#90°. An elementary 
cell has the form of an oblique parallelopiped. Examples : CuSO, , K,CryO,z, etc. 

2. Monoclinic system. For this system, a#b # c; a= B= 90°; y 490°. An 
elementary cell has the form of a right prism with a parallelogram as its base. 
Examples : Na,SO,, KCIO3, FeSO,, etc. 
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3. Rhombic or Orthorhombic system. For this system, a # a= B=y= 
y°; y #90°. An elementary cell has the form of a rectangular parallelopiped. 
xamples : KNO,, gallanium, mercury chloride, etc. 

4. Tetragonal system. For this system,a=b#c, a=B =y =90°. Anelementary 
sll has the form of a right prism with a square base. Examples : NiSO,, white tin, 
te: 

5. Trigonal or Rhomohedral system. For this system, a = b= c5.aSP=7 FW. 
n elementary cell has the form of a cube deformed by a compression or tension 
long the diagonal. Examples : As, Sb, Bi, calcite, etc. 

6. Hexagonal system. For this system, a= b#c; a= B= 90°, y= 120°. Three 
lementary cells brought together form a regular hexagonal prism. Examples ; Zn, 
nO, Cd, Nii, etc. 

7. Cubic system. For this crystal, a=b=c ; a= B= y=90°. Anelementary cell 
as the form of a cube. Examples : NaCl, KI, Cu, etc. 

According to Bravais, who introduced the space lattice idea as early as 1880, 
here are 14 possible types of space lattices in the above seven crystal systems. It 
»llows that even for the same crystal system, there may be more than one Bravais 
attices. 
ga 1.06. CUBIC CRYSTAL SYSTEM 

The cubic crystal system is the simplest of all the seven crystal systems. In the 
ubic crystal system, there are three types of cubic crystals. They are Simple Cubic 
rystal (SCC), Body Centered Crystal (BCC ) and Face Centered Crystal (FCC ). 

(i) Simple cubic crystal. It is a crystal, whose unit cell is a cube with one atom 
1 molecule at each of the eight corners of the cube as shown in Fig. 1.04 (a). NaClis 
n example of simple cubic crystal. 


= O 
SCC BCC FCC 
Fig. 1.04 (a) Fig. 1.04 (6) Fig. 1.04 () 


The atom at a corner of the unit cell of SCC is shared by the eight different unit 
ells. Therefore, 5 
effective number of atoms per unit cell of SCC =8 x hed 1 atom 
8 


(ii ) Body-centered cubic crystal. It is a crystal, whose unit cell is a cube with 
yne atom (or molecule) at each of the eight corners and an additional atom (or 
nolecule) at the centre of the cube [Fig. 1.04 (b)]. Sodium, barium, iron, tungsten and. 
uranium belong to this type of structure. 

The atom at the centre of the unit cell of BCC completely belongs to that unit 
cell. Therefore, 


4 
effective number of atoms per unit cell of BCC = 8x m +1=1+1=2atoms 


(iii ) Face-centered cubic crystal. It is a crystal, whose cell is a cube with one 
atom or molecule at each of the eight corners and one atom at the centre of each of 
the six faces. Hence, the name face centered cubic crystal. It is shown in Fig. 1.04 (c). 
Silver, copper, gold, lead, nickel and platinum belong to this type of structure. 

The atom at the centre of the face of a cell can be shared by only two 
unit cells. Therefore, 


1 1 
effective number of atoms per unit cell of FCC = 8 x “ +6 zs =14+3=4 atoms 


Since, all the three types of cubic crystals are made of cubic unit cells, we have 
a=b=c and a=Pp=y= 90° 
The different Bravais lattices in a crystal system are distinguished from each 
other due to their different values of atomic radius, co-ordination number and atomic 
packing factor. 
Atomic radius. It is defined as half of the distance between the centres of two 
neighbouring atoms. It is also called lattice constant or lattice parameter. 


other, it can be shown that atomic radius is equal to y ef aand 5 for SCC, BCC 
and FCC respectively. 

Co-ordination number. The number of atoms in a crystal which surround a 
particular atom as its nearest neighbours is called co-ordination number. 

It can be proved that co-ordination number for SCC, BCC and FCC are 6, 8 
and 12 respectively. 

Atomic packing factor. It is defined as the ratio of the volume occupied by all the 
atoms in a unit cell to the total volume of the unit cell. 

The calculations show that atomic packing factor for SCC, BCC and FCC 
are 0-52, 0-68 and 0-74 respectively. 


Mg 1.07. SINGLE CRYSTALS 

The crystal in which, the ordered arrangement of atoms (or molecules) extends 
throughout the piece of solid, is called a single crystal. 

The single crystals are anisotropic in nature i.e. their mechanical, thermal, 
electrical and optical properties are different in different directions. Crystals possess 
plane facets making angles with one another, depending on the system to which 
crystal belongs. Such crystals can be easily split along some definite planes, known 
as cleavage planes. It is found difficult to tear off the crystal in a direction 
perpendicular to the cleavage planes. It shows that the mechanical strength of single 
crystal is different in different directions. 

Further, the size of a single crystal is usually very small*. It may vary from a 
fraction of a centimetre to a few centimetres. A very small sized crystal, whose inner 
features cannot be seen with a naked eye is called a monocrystal. 


Ml 1.08. POLY CRYSTALS 

The crystalline solids, which are made of a large number of monocrystals with well 
developed faces joined together, are called polycrystals. 

The anisotropy and the ordered arrangement of atoms (or molecules) is not 
observed in polycrystals. It is because, in practice, we come across big crystals, which 
are a collection of intergrown and randomly oriented fine crystals. The irregular 
and haphazard form is due to the fact that its normal growth has been restricted 
by neighbouring crystals. Anisotropy is observed in polycrystals only within the 
confines of each separately taken minute crystal. By providing special conditions 
of crystallisation from a solution or a melt, itis possible to obtain a large single crystal. 

The polycrystal ceramic made from PbO, ZrO, and TiO, are used in gas lighters 
and telephone receivers. Ceramic oxides are usually bad conductors but ceramics 
made from materials like Y,O, BaO and CuO, exhibit superconductivity. 


M8 1.09. LIQUID CRYSTALS 

The organic crystalline solids, which on heating become fluid like, but retain their 
anisotropic properties are called liquid crystals. 

Some organic crystalline solids in certain temperature region acquire a phase 
between solid and liquid and retain their anisotropic property and long range 
orientational order of its molecules. 

Liquid crystal such as alkyl cyanobiphenyl can change the plane of polarisation 
of light and such liquid crystal displays (LCD) are used in watches and micro 
calculators. Some materials in liquid crystal phase such as cholesterol esters show 
a change in colour with temperature. This property is made use of in liquid crystal 
thermometers. 


ml 1.10. ENERGY BANDS IN SOLIDS 

Ina single free atom, electrons have well defined energy levels. But in a crystal, 
the atoms do not have well defined energy levels. It is because, in a crystal, there 
are many atoms and each atom in the crystal is surrounded by neighbouring atoms. 
Due to this, energy levels of the electrons in the atom get modified. However, the 
so called modification in the energy levels is not appreciable in case of the electrons 
in the inner shells but it is considerable in case of electrons in the outermost shell. 
It is because, electrons in the outermost shell are shared by more than one atom in 
the crystal. 


Watch out ! 
‘ Single crystals are 
_Polycrystals are isotropic. 


*Considering that a unit cell is of size 5 x 10° cmand a single crystal has such 10? unit 


cells, the size of the crystal will be 5 x 10-8 x 104 i.e. 5 x 10 cm. Such a small crystai'can not 


be seen with a naked eye. 


In order to understand as to ho levels cet modified, consider a 
ngle small crystal of silicon made of N atom. An atom of silicon has electronic 
ynfiguration 1 s2,2 5,2 p®, 3s, 3 p®. The various energy levels of silicon atom can 
» represented as shown in Fig. 1.05. 
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The outermost shell contains 2 electrons in 3s subshell and 2 electrons in 3 p 
subshell. The 3 s-levels (all of the same energy) in the outermost shells of all the N 
atoms, which are 2 N in number are completely filled by 2 N electrons, while out 
of total 6 N p-levels (all of the same energy) in the outermost shells of N atoms, only 
2 N are filled. 

Suppose that the interatomic separation between the silicon atoms in the crystal 
lattice is a and these atoms are brought from the locations r >> @ to their actual 
location r =a by gradually moving the atoms towards each other. 

(i) When r = d,. At this interatomic separation, electrons in the outermost shell 
of one atom do not interact with those of the other. Therefore, r = d1, each of N atoms 
has its own typical energy levels i.e. energy levels 1 s2, 2 s2, 2 p®, 3. 52, 3p? of each 
atom remain unmodified. 

(ii) When r=d,. When the interatomic separation is decreased from r = dj, 
to r = dp, the interaction between the electrons of different atoms in the outermost 
shells (3.s2 and 3 p2) begins. Due to this, the energy of 3s and 3p levels of each atom 
gets slightly modified, when they are at distancer = 4). Therefore, instead of a single 
3 s or 3 p-level, there occur a large number of closely spaced energy levels. Now, 
the 2 N s-levels will not have same energy but will be spread in small energy band. 
Similarly, 6 N p-levels will also be spread into a small energy band. Due to this, the 
energy gap between s and p-levels of an isolated atom reduces. 

(iii) When r = d;. When the interatomic separation is further decreased, then 
at r = dx, the energy gap between 3s and 3 p-levels completely disappears and all 
the 8 N levels (2 N of 3 s-levels and 6 N of 3 p-levels) are distributed ina continuous 
manner forming an energy band. Now, it is not possible to distinguish between 3s 
and 3 p electrons. One can only say that there are 8 N energy levels, out of which 
4N levels are filled and 4 N levels are empty. 

(i@:) Whenr = a. When the silicon atoms are at the actual interatomic separation 
a, the energy of the band of 8 N levels splits into two bands, band of 4 N energy levels 
completely filled with electrons and another band of 4 N empty levels. These two 
energy. bands are separated from each other with a small energy gap. The lower 
energy band of 4 N filled levels is called the valence band, while the upper energy 
band.of 4.N empty levels is called the conduction band. The energy gap between 
the valence band and the conduction band is called the forbidden energy gap. 


gama 1.11. DISTINCTION BETWEEN METALS, INSULATORS AND SEMI- 
CONDUCTORS 
Metals are good conductors of electricity, insulators do not conduct electricity, 
while the semiconductors have conductivity inbetween those of metals and 
insulators. Let us: make distinction between condutors, insulators and 
semicofiductors on. the basis of band theory of solids. 

. Asolid is alarge collection of atoms. The energy levels of an atom get modified 
due to'the presence of other surrounding atoms and the energy levels in the 
outermost shells ofiall the atoms form valence band and the conduction band 
separated by a forbidden energy gap- 


Energy levels and energy bonds are 
different terms. A single isolated atom 
has various energy levels. In a crystal, 
atoms are packed quite close to each 
other. Due to interaction between them, 
energy levels of individual atoms split 
and form energy bonds. 


EE 


At OK, the electrons start filling the energy levels in valence band starting from 
the lowest one.The highest energy level, which an electron can occupy in the valence band 
at 0 K is called Fermi level. 

The lowest unfilled energy band formed just above the valence band is called conduction 
band. 

At 0 K, the Fermi level as well as all the lower energy levels are completely 
occupied by the electrons. As the temperature rises, the electrons absorb energy and 
get excited. The excited electrons jump to the higher energy levels. These electrons 
in the higher energy levels are comparatively at larger distances from the nucleus 
and are more free as compared to the electrons in the lower energy levels. Depending 
upon the energy gap between valence band and the conduction band, the solids 
behave as conductors, insulators and semiconductors as explained below : 

(a ) Metals. The energy band structure in solids have two possibilities : 

(i) The valence band may be completely filled and the conduction band partially filled 
with an extremely small energy gap between them [Fig. 1.06 (a)]. For example, in sodium, 
the conduction band is partially filled, while the valence band is completely filled. 


CONDUCTION BAND 


CONDUCTION BAND 


VALENCE BAND 


Fig. 1.06 (a) Fig. 1.06 (b) 

(ti) The valence band is completely filled and the conduction band is empty but the 
two overlap each other [Fig. 1.06 (b]. Zinc is an example of band overlap metals. 

In both the situations, it can be assumed that there is a single energy band, which 
is partially filled. Therefore, on applying even a small electric field, the metals 
conduct electricity. 

(b ) Insulators. In insulators, the forbidden energy gap is quite large [Fig. 1.07]. 
For example, the forbidden energy gap for diamond is 6 eV, which means that a 
minimum of 6 eV energy is required to make the electron jump from the completely 
filled valence band to the conduction band. When electric field is applied across such 
a solid, the electrons find it difficult to acquire such a large amount of energy and 
so the conduction band continues to be almost empty. No electron flow occurs i.e. 
no current flows through such solids. So they behave as insulators. 

(c ) Semiconductors. The energy band structure of the semiconductors is 
similar to the insulators but in their case ; the size of the forbidden energy gap is 
much smaller than that for the insulators [Fig. 1.08]. For example, the forbidden band 
for silicon is 1-1 eV. The electronic structure of the silicon (Si) is similar to that of 
the diamond, but due to the smaller width of the forbidden energy gap, the electrons 
in the valence band find it comparatively easier to shift to the conduction band. So, 
the conductivity of the silicon is inbetween the conductors and the insulators and 
it is termed as a semiconductor. 


Mm 1.12. CURRENT CARRIERS IN SEMICONDUCTORS 

In a pure semiconductor, each atom behaves as if there are 8 electrons in its 
valence shell (due to formation of covalent bonds) and therefore the entire material 
behaves as an insulator at low temperatures. 

A semiconductor atom needs energy of the order of 1-1 eV to shake off the 
valence electron. This energy becomes available to the semiconductor even atroom 
temperature. Due to thermal agitation of the crystal structure, electrons from a few 
covalent bonds come out. The bond from which electron is freed, a vacancy is created 
there [Fig. 1.09]. The vacancy in the covalent bond (where there should have been 
an electron) is called a‘hole . " st 

This hole can be filled by some other electron in a covalent bond. As an electron 
froma covalent bond moves to fill the hole, the hole is created in the covalent bond 
from which the electron has moved. In other words, one can say that the hole shifts | 


from one covalent bond to another ina similar way as an electron does in an attempt © 


to fill the hole. Since’ the direction of movement of the ‘hole is opposite to that of 


The resistance offered by a semiconductor 
decreases (in contrast to conducters) with 
the rise of temperature. | 


The conduction band of an insulator is 
practically empty. 
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negative electron, a hole behaves as a positive charge carrier. Thus, at 
iperature, a pure semiconductor will have electrons and holes wandering in 
dom directions. These electrons and holes are called intrinsic carriers and such 
semiconductor is called intrinsic semiconductor. 

As the crystal is electrically neutral, the number of free electrons will be equal 
the number of holes. If we apply potential difference across the semiconductor, 
electrons will move towards positive terminal and the holes towards the negative 
minal of the battery. It may be clearly understood that electrons and holes are not 
rent in themselves but act only as the negative and positive carriers of the current 
pectively. 

In an intrinsic semiconductor, if 1 oy denotes the electron number density in 
nduction band, ny, the hole number density in valence band and n,, the number 
nsity or concentration of intrinsic carriers, then 

n,O= 1, =n; (1.01) 

It can be proved that the fraction of the electrons of valence band present in 
nduction band is given by 
cs PA rel tt, #7 (1402) 


here k is Boltzmann’s constant and E,, is forbidden energy gap. It follows that if 
e temperature (T) increases, the value of the fraction f will also increase i.e. when 
e temperature of a semiconductor increases, more electrons are raised to 
nduction band. In other words, the conductivity of the semiconductor increases 
ith rise in temperature of the semiconductor. 

Further, when an electron is raised from the valence band to the conduction 
and, a vacancy is created in the valence band. This vacancy created in the valence 
snd (where electron was present before moving to conduction band) acts as the 


ole. 
gm 1.13. INCREASING THE CONDUCTIVITY OF ASE 
(Doping) 

It follows that a pure semiconductor at room temperature possesses free 
lectrons and holes but their number is so small that conductivity offered by the 
ure semiconductor cannot be made of any practical use. 

of the addition of impurities to the pure semiconductor in a very small ratio 
1 : 10°), the conductivity of a Si-crystal (or Ge-crystal) can be remarkably improved. 
he process of adding impurity to a pure semi conductor crystal (Si or Ge-crystal) so as to 
nprove its conductivity, is called doping. 

The impurity atoms are of two types : 

(i) Pentavalent impurity atoms i.e. atoms having 5 valence electrons such as 
ntimony (Sb) or arsenic (As). Such atoms, when added to a pure semiconductor, 
sroduce excess of free electrons i.e. donate electrons to the semiconductor. For this 
eason, pentavalent impurity atoms are called donor impurity atoms. The 
emiconductor so produced is called n-type extrinsic semiconductor. 

(ii) Trivalent impurity atoms i.e. atoms having 3 valence electrons such as 
ndium (In) or gallium (Ga). Such atoms on being added to.a pure semiconductor, 
nstead of producing free electrons, accept electrons from the semiconductor. For 
his reason, trivalent impurity atoms are called acceptor impurity atoms. The 
semiconductor so produced is called p-type extrinsic semiconductor. 
wag 1.14)n-TYPE (EXTRINSIC) SEMICONDUCTOR 

Fig, 1.10 shows the effect of adding pentavalent impurity arsenic to silicon 
crystal. When the arsenic impurity atoms are added to the silicon crystal in a small 
ratio (1 : 10°), its atoms replace the silicon atoms here.and there. The four electrons 
out of the five valenceelectrons of As-atom take part.in covalent bonding with four,. 
silicon atems surrounding it. The fifth electron is.set,free.,Qbviously, the extra free 
electrons oreated in the crystal will be as many,as the numberof. the pentavalent 
impurity atoms added. As the pentavalent impurity. increases. the number of free, 
electrons;itis called donor impurity. 
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The silicon crystal so obtained is termed as 


n-type Sitrystal. The eléctrons so\set free in the silicon crystal are, cal’ed extrinsic, 
carriers ahd the n-typeSi-crystabisicalled n-type, extrinsic semiconductor. 
earlier, dtie to thermal agitation, sven the.pure Si,crystal. possesses 


As said : a. 
few electrons and holes. Therefore, n- type Si-crystal will hg 


ve 4 large.number, of, free 
electrons (majority carriers) and a small number, of holes, (minority, CAITIEYS).,09 so joing 


The width of forbidden energy gap 
between the valence and conduction band 
distinguishes conductors, semiconductors 


and insulators from each other. 
ee 


A pure semiconductor is called intrinsic 
semiconductor. Its small conductivity is 
due to free electrons and holes created in 
it due to thermal agitation. 


In an intrinsic semiconductor, the electron 
and hole concentrations are equal. 


The jargon 


A semiconductor doped with pentavalent 
or trivalent impurity atoms is called 
extrinsic semiconductor. Its conductivity 
is quite large as compared to that of 
intrinsic semiconductor. 
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around the donor atom inside the Si-crystal. As dielectric constant of silicon is very 
high, it is bound to the donor atom with a very small amount of energy, which is of 
the order of 0-045 eV. In terms of valence and conduction band, one can think that 


all such electrons (extrinsic carriers) create a donor energy level just below (0-045 


eV) the conduction band as shown in Fig. 1.11. As the energy gap between donor 
energy level and the conduction band is very small, the electrons can easily raise 
themselves to conduction band even at room temperature. Hence, the conductivity 
of n-type extrinsic semiconductor is markedly increased. 

In a doped or extrinsic semiconductor, the number density of the conduction 
band (n,) and the number density of holes in the valence band (n,) differ from that 
in a pure semiconductor. If; is the number density of electrons in conduction band 
or the number density of holes in valence band in a pure semiconductor, then it 
can be proved that 

i, ty sae (1.03) 

In n-type (extrinsic) semiconductor, the number density of electrons in 
conduction band is approximately equal to that of donor atoms and very large as 
compared to number density of holes in valence band. Thus, 

ne =Ng>>np, (1.04) 
where N, represents the number density of donor atoms. 


MS 1.15. p-TYPE (EXTRINSIC) SEMICONDUCTOR 

Fig. 1.12 shows the effect of adding trivalent impurity indium to silicon crystal. 
The four silicon atoms surrounding the In-atom, can share one electron each with 
the In-atom which has got three valence electrons. In an attempt to have 8 electrons 
in valence shell, the In-atom robs one of the nearby covalent bonds of one electron. 
Thus, the valence shell of the In-atom possesses 8 electrons but a hole is created in 
the covalent bond from which electron has been robbed. Thus, for every trivalent 
impurity atoms added, an extra hole will be created. As the trivalent impurity atoms 
accept electrons from the silicon crystal, it is called acceptor impurity. The Si-crystal 
so obtained is called p-type as it contains free holes. Each hole is equivalent to 
positive charge. The holes so created are extrinsic carriers and the p-type Si-crystal 
so obtained is called p-type extrinsic semiconductor. 

Again, as the pure Si-crystal also possesses a few electrons and holes, therefore, 
the p-type Si-crystal will have a large number of holes (majority carriers) and a small number 
of electrons (minority carriers). 

In the extrinsic p-type Si-crystal, the hole produced revolves round the nucleus 
of the In-atom. As the hole may be treated as a particle of same mass as electron 
but having an equal positive charge, it possesses a small positive energy of the order 


of 0:04 eV. Such holes create an acceptor energy level just above (~ 0-04 eV) the top 
of the valence band [Fig. 1.13]. The electrons from valence band can raise themselves 
to the acceptor energy level by absorbing thermal energy at room temperature and 
in turn create holes in the valence band. 

Number density of valence band holes (n,) in p-type semiconductor is 
approximately equal to that of the acceptor atoms (N,) and is very large as compared 
to the number density of conduction band electrons (N,). Thus, 


n, =Nj>>n, ~ eA Gill G)e) 
Ml 1.16. ELECTRICAL RESISTIVITY OF SEMICONDUCTORS 


Consider a block of semiconductor of length I, area of cross-section A and 
having number density of electrons and holes as m, and ny, respectively. Suppose 
that on applying a potential difference, say V, a current I flows through it as shown 
in Fig. 1.14. The electron current (1,) and the hole current (1,,) constitute the current 
I flowing through the semiconductor i.e. sien. uid tana ae 


1=V At, 7 *(1.06) 


If 1, is the number density of conduction band electrons in the semiconductor | 
) ' oe £ > L - - 
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and Uv, , the drift velocity of electrons, then electron current is given by |. 
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Key point 


Fermi level is n-type semi-conducto: 
(also knows as donor energy level) lies 1 
forbidden energy gap and is very close 1 
conduction band. 
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~ Using equations (1.07) and (1.08), the equation (1.06) becomes 
l=en, Av, tem, AVp 
or [=eA(n, v, + 1, Vy) ... (1.09) 
If pis the resistivity of the material of the semiconductor, then the resistance 
ered by the semiconductor to the flow of current is given by 


l 
R= pi (1.10) 


Since V = RI, from equations (1.09) and (1.10), we have 


l 
Y abel RANT xe A(ie Ve + Mp Vp) 


or V=ple(n, Ve + Np, Un) PEO, 
If E is the electric field set up across the semiconductor, then 
E= ~ (1.12) 


From equations (1.11) and (1.12), we have 
E=pe(n, ve + Mh vp) 


or Teen, vein, “1 obo) 
p E E 
On applying electric field, the drift velocity acquired by the electrons (or holes) per unit 
trength of electric field is called mobility of electrons (or holes). Therefore, mobility 
f electrons and holes is given by 
Ve Vy, 


Hea and Ce ee oa 


1 
rae s, Mo +My Uy) (1.14) 


the, pias ' 
Also, o = — is called conductivity of the material of semiconductor. 
p 


Bi o=e(n, Let My hy) sah. 5) 

It may be pointed out that electron mobility is higher than hole mobility. The 
mobility of electrons and holes depend weakly on temperature and is independent 
of their number density. The change in conductivity of a semiconductor is mainly 
due to changes in carrier concentration. 


gun 17: SOME IMPORTANT POINTS ABOUT SEMICONDUCTORS 


Following points may be noted about the behaviour of semiconductors : 

1. At low temperature, a pure semiconductor behaves as an insulator. It 
becomes slightly conducting at room temperature. It is because, a few electrons in 
the valence band acquire energy greater than the forbidden energy gap and move 
to the conduction band. 

2. It is very difficult to obtain an extremely pure semiconductor. Therefore, in 
practice, an intrinsic semiconductor is that in which the concentration of impurity 
atom is.less than the concentration of intrinsic carriers. 

3. Very small doping can drastically change the conductivity of intrinsic semi- 
conductors. . 

4, Electron mobility is greater than the hole mobility in semiconductors. 

5. The semiconductors are insulators at low temperature but become slightly 
condueting at room temperature. Thus, unlike metals, the resistance of semi- 
conductors decreases with increase of temperature. 

6.4flight of energy greater than forbidden energy gap is incident onan intrinsic 
semiconductor, the electrons from the valence band move to the conduction band. 


Thus, electron and hole pairs are created. Due to increase in concentration of carriers; 


the conductivity of semiconductor increases. This property of semiconductors is 
called photoconductivity. Semiconductors possessing large photoconductivity are 
used as light dependent resistors (LDR), Such resistors are used in automatic light 


control circuits. =" ' 


For a given applied voltage, conduction 
current in n-type semiconductor is more 
than that in p-type semiconductor. It is 
because, mobility of electrons is greater 
than that of holes. 


vk 


Problem 1.01. Find the maximum wavelength of 
electromagnetic radiation, which can create a hole-electron 
pair in germanium. Given that forbidden energy gap in 
germanium is 0-72 eV. 

Sol. Here, E, = 0-72 eV = 0-72 x 1-6 x 10-19J 

The maximum wavelength of radiation, which can 
create a hole-electron pair in germanium is given by 


he 
Siege 
gu ite _ 662x110 x 3x 108 
E, 0:72 1-6x 1079 
Problem 1.02. Pure Si at 300 K has equal electron (n oo 
and hole (1;,) concentration of 1-5 x 10! m ~. Doping by 
indium increases n, to 4-5 x 1022 m3. Calculate n, in the 
doped silicon. (C.B.S.E 1990) 
Sol. Here, n; = 1-5 x 10!° m ; n, = 4.5 x 1022 m3 
Now, n,n, =n? . 
2 16,2 
Ne Ae cas 12 ee EN 
NM 4-5x10 
Problem 1.03. A semiconductor is known to have an 
electron concentration of 8 x 10!3 cm-3 anda hole concen- 
tration of 5 x 101 cm-. (2) Is the semiconductor -type 
or p -type ? (b ) What is the resistivity of the sample, if the 
electron mobility is 23,000 cm? V-1s-! and hole mobility is 
100 cm? V1 5“! ? Take charge on electron, e = 1-6 x 10-19 C. 
' (Text Problem) 


E 


or = 1-724 x 10m 


GP Problem 1.05. The mean free path of conduction 

electrons in copper is about 4-2 x 10-8 m. Find the 
electric field which can give 2-4 eV energy (on the average) 
to a conduction electron in a copper block. 

Sol. Let E be the required electric field. Then, force on 
electron due to electric field, 

F=eE=16x10VE 

The work done by electric field on electron, before it 

collides with a copper ion/atom, 
W =F x mean free path = 1-6 x 10-19 E x 4-2 x 108 


6°72X10°2’E 


= 6-72 x10-*” E (in joule) = X9 
1-610 
= 4.2 x 107!’ E (in eV) 
42x10%E=24 or E=5-71x 107 Vm 
GP Problem 1.06. Suppose that the energy liberated in the 
combination of a hole-electron pair is converted into 
_ electromagnetic radiation. If the maximum wavelength ‘of 
the radiation emitted is 630 m, what is the width of 
forbidden energy gap ? gi OR SF TR rf 
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Sol. The width of forbidden energy gap is equal to “ 
energy Of the radiation emitted on’thé combination of a hole . 


Sol. Here, n, = 8 x 103 m3 = 18 x 10!9 m3: 
nm, =5 x 10? cm =5 x 1018 m2; 
He = 23,000 cm? V-! s-1= 2.3 m2 Vis; 
Hy, = 100 cm? V71\s-! = 0.01 m2 V-1 571 i 
(a) Since the semiconductor has greater electr: 
concentration, it is n-type semiconductor. 


(b) Now, pre He +My, My) 
= 1-6 x 10° (8 x 109 x 2.3 +5 x 1018 x 0-01) 
= 1-6 x 10-1? (1-84 x 1070 + 5 x 1016) ~ 29-45 mho m 
i partaes i -2 
or p 29.45 = 97396 x 10 Q. m 
Problem 1.04. Determine the number density | 
donor atoms which have to be added to an intrins 
germanium semiconductor to produce an n-type semico: 
ductor of conductivity 5 Q-! cm“|, given that the mobili 
of electrons in n-type Ge is 3900 cm? V-1s-1, Neglect tk 
contribution of holes to conductivity. Take charge o 
electron, e = 1-6 x 10°19 C., 
Sol. Here,e= 1-6 x 10°79 C; 
o=501! cm!=500Q1 m!; 
H#, = 3900 cm? V-! s-! = 0.39 m2 V-1 5-1 
O=en,u, (neglecting contribution of hole 
o 500 


* eH, 1-6%10-? X0.39 
= 8-013 x 107! m3 


Now, 


nl 


STS RIO™™ 
1-6x10- 

Problem 1.07. In Fig. 1.14, a battery of e.m.f.2 V is used 

The length of the block is 0-1 m and the area is 104m: 

If the block is of intrinsic silicon at 300 K, find the electro: 

and hole currents. What will be the magnitude of the tota 

current ? What will be the magnitude of the total current 
if germanium is used instead of silicon ? 


Given that for Si: py, = 0-135 m2 V-15-1; 

Py, = 0-048 m2 V-1 5-1; VN 
intrinsic carrier concentration, n, = 1-5 x 10m 
and for Ge: 7, = 0-39 m2 V1 s1, 

By = 0-19 m2 V4 51; i es 
OR Neey a6 tee 2401029 73, (Text Problem) 
iSol. Here,/A =104 m2 ;/=0-1 m;V=2volt;T-3 300 Ke 
For Si 2x.pys#0-138m?2 V7 s7! grit or LTO 
Ms “Hen =h, = 15x 1015-m=3:. MTA. 


=1-97 eV 
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Now, vp $f; E2035 20 =2)7'm s! .enA 
‘tand ~) y, "uj? E =0: 048 x20 = 0296 m 5-2 14 


w, elec 
I, =e An, vp =1-6x10 x 10+ x1-5x10!° x 2-7 
= 648x107 A 
and hole current, I, =e Ay, Vj, 
= 1-6 x 10-19 x 10-4 x 1-5 x 1016 x 0-96 
= 2-304 x 10-7 A 
Therefore, total current, 1 = 1, + I, ; 
— 6.48 x 10-7 + 2-304 x 10-7 = 8-784 x 107A 
For Ge : 1,=0-39 m2 V-!s! 54, =0-19 m2V-!5-1; 


n, = Ny, =n; = 2-4 x 1019 m~> 


point. Why ? 

Ans. It is because all the bonds in a crystal get ruptured 
at a unique fixed temperature for that crystal. At this fixed 
temperature, called melting point, the crystal changes into 
liquid state. 

Q. 1.02. Fill in the blanks : 

(i) Majority of the solids in nature have.......:. internal 
structure (ordered, disordered). 
(ii) All crystals are .......... (isotropic, anisotropic). 

(iii) If the physical properties of a solid do not depend 
on the direction, the solid is known 4s .......... (isotropic, 
anisotropic). 

(iv) The polycrystalline solids show .......... properties, 
while the monocrystals have .......... properties. (isotropic, 
anistropic) 

(v) Within the liquid crystal phase, some materials 
show a change in .......... with the change in temperature. 
(colour, shape). 

(vi) Physical properties of amorphous solids are 
identical in.......... directions and therefore they are of .......... 
nature. (all, some, isotropic, anisotropic). 

(vii ) The liquid crystal displays (LCD) are based on 


the principle that they .......... (emit light, change the plane 
of polarisation of polarised light). 

(viii) Ceramics aFe .......... solids (polycrystalline, amor- 
phous). 

(ix) Ceramic solids are .......... insulators (generally, 
always). 

(x) The structure of NaCl is .......... (cubic, hexagonal). 


i (Text Question) 

Ans. (i) ordered (ii) isotropic (iii) isotropic (iv) iso- 
tropic, anisotropic (v) colour (vi) all, isotropic (vii) change 
the plane of polarisation of polarised light (viii) polycrys- 
talliné (x) generally (x) cubic 

Q. 1.03. Name the seven crystal systems. 

Ans. (i) Triclinic system (ii) Monoclinic system (iii) Rho- 
mbic system (iv) Tetragonal system (v) Trigonal system 
(vi) Hexagonal system and (vii) Cubic system. 

Q. 1.04. What is the electron configuration in various 
orbits of silicon and germanium ? 

Ans. For silicdn-: 152-2 822 p® 3's?:3 p* 

For germanium: 1s 27.2 p° 3 s2 3 p°3 d!0 4574p? 


PRES ey 


Vp =H, B=0-39X20=7:8ms 
U, = My, E=0-19X20=3-8ms! 
I, =eAn, ve, 
— 1-6 x 10-19 x 10+ x 2-4 x 1019 x 7-8 
= 2.995 x 10° A 
I, = eAn, Uj, 
= 1.6 x 10719 x 104 x 2-4 x 10? x 3:8 
=1-459 x 107 A 
1 =I, +1, = 2-995 x 10° + 1.459 x 10° 
= 4.454 x 103A 


FREQUENTLY ASKED VERY SHORT ANSWER QUESTIONS = 


With Answers/Hints 


Q. 1.05. Name the charge carriers in the following at 
room temperature : (i) Conductor (ii) Intrinsic semi- 
conductor (iii) Insulator. (1iS.C.E.)1997) 

Ans. (i) Electrons (ii) Electrons and holes (iii) None. 

Q. 1.06. What is valence band ? 

Ans. The energy band formed by a series of energy levels 
containing the valence electrons is known as valence band. 

Q. 1.07. What is conduction band ? 

Ans. The lowest unfilled energy band lying just above 
the valence band is called conduction band. 

Q. 1.08. What is Fermi energy level ? 

(P.S.S.C.E. 2002) 


(comparable to, much larger than) lattice spacing, the.......... 
(energy bands, energy levels) of the outermost electrons is 
split into .......... (very large, very small) number of levels, 


ductor is.......... as compared to that of an insulator (smaller, 
greater). 
(iv) The conduction band of an insulator is .......... 


empty. (partially, practically). (Text Question) 

Ans. (i) comparable to, energy levels, very large, energy 
bands (ii) Pauli’s exclusion principle (iii) smaller (tv) prac- 
tically. 

Q. 1.10. Give the ratio of the number of holes and the 
number of conduction electrons in an instrinsic semi- 
conductor. (C.B.S.E 1997) 

Ans. It is 1. 

Q. 1.11. Draw an energy-band diagram for an intrinsic 
semiconductor. (C.B.S.E 1998) 

Ans. Refer to Fig. 1.08. 

Q. 1.12. What is doping ? 

(H.PS.S.C.E. 2001, 1997 ; 1.S.C.E. 1995) 

Ans. The process of adding trivalent or pentavalent 
atoms to a pure semiconductor in a very small ratio (1: 10°) 
is called doping. 

Q.1.13. What type of impurity is added to obtainn-type 
semiconductor ? (H.P.S.S.C.E. 1999 S) 


Ans. Pentavalent atoms, such as arsenic. 

Q. 1.14. Doping of silicon with indium leads to which 
type of semiconductor ? (C.B.S.E, Sample Q. Paper) 

Ans. Doping of silicon with indium leads to p-type 
semiconductor. 

Q. 1.15. What type of charge carriers are there in an n 
-type semiconductor ? MC.B.S.E 1997) 

Ans. Both electrons and holes exist as charge carriers in 
an n-type semiconductor. However, electrons are majority 
charge carriers, while holes are minority charge carriers. 

Q. 1.16. What type of charge carriers are there in a 
p-type semi-conductor ? (F-S.S.C.E. 1999, 1998) 

Ans. Both holes (majority carriers) and electrons 
(minority carriers). 

Q. 1.17. What is electron mobility ? 

Ans. It is defined as the drift velocity acquired by the 
electrons per unit applied electric field. 

Q. 1.18. Fill in the blanks : 

(i) In an intrinsic semiconductor, the electron and hole 
concentrations are .......... (equal, unequal) 

(ii) When a block of semiconductor is connected to a 
battery by a metallic wire, the current flow in the wire is 
due to the motion of.......... in the wire. (electrons, electrons 
and holes) 

(iii) The doping of an intrinsic semiconductor with 
certain type of impurity atoms causes an.......... in its electric 
conductivity. (decrease, increase) 

(iv) When a battery is connected to a p-type semi-con- 
ductor with metallic wire, the current in the semi-conductor 
is predominantly due to .......... (electrons, holes) 

(v) The movement of charge carriers from a region of 
higher concentration is called .......... (drift, diffusion) 

(vi) The drift velocity of electrons is expected to be 
ivan tes (equal to, greater than) holes. (Text Question) 

Ans. (i) equal (ii) electrons (iii) increase (iv) holes 
(v) diffusion (vi) greater than. 

Q. 1.19. What is an extrinsic semiconductor ? 


(PS.S.C.E. 2002, 1998, 1997) 
FAQS 


Q. 1.01. Distinguish between crystalline and amor- 
phous solids. 

Ans. Refer to sections 1.02 and 1.03. 

Q. 1.02. What is the shape of the unit cell of a cubic and 
a hexagonal crystal system ? 

Ans. The unit cells of a cubic crystal are cubic in nature 
1e.a4=b=cand a= B= y=90°. 

The unit cells of a hexagonal crystal are made of three 
elementary cells, so.as to form a hexagonal prism. Therefore, 
for its unit cell, a=b # c, a= B=90° and ¥= 120°. 

Q. 1.03. What is the difference between a single crystal 
and a polycrystal ? ; ; 

_ Ans. A single crystal is that in which the ordered 
arrangement of atoms (or molecules),extends throughout the 
piece of crystal. Its physical properties, are different in 
different directions i.e. single cyrstals are anisotropic........ 

On the other hand, the crystalline solids made of a large, 
number of monocrystals (small sized single crystals) with 
well developed faces joined together are called polycrystals. 
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_ Ans. A semiconductor doped with a suitable impuri 
(donor or acceptor), so that it possesses conductivity muc 
higher than that of pure semiconductor, is called an extrinsi 
semiconductor. 

Q. 1.20. Is the ratio of number of holes and the numbe 
of conduction electrons in an n-type extrinsic semicon 
ductor more than, less than or equal to1? (C.B.S.E 1997 

Ans. It is less than 1. 

Q. 1.21. Draw energy-band diagram for an n-typ 
extrinsic semiconductor. (C.B.S.E 1998 

Ans. Refer to Fig. 1.11. 

Q. 1.22. Draw the energy band diagram for a p-typ 
seminconductor. (C.B.S.E, 2001 

Ans. Refer to Fig. 1.13. ; 

Q. 1.23. How does the energy gap of an intrinsi 
seminconductor vary, when doped with a trivalen 
impurity ? (C.B.S.E. 2002 

Ans. When a trivalent impurity is added to an intrinsi 
semiconductor, an acceptor energy level is created in th 
forbidden energy gap just above the valence bond, Due te 
this, electrons from the valence bond are easily transferrec 
to the acceptor energy level. 

Q. 1.24. How does conductivity of a semiconducto 
change with rise in temperature ? (C.B.S.E 1996 S. 

Ans. The conductivity of a semiconductor increases witl 
temperature. 
Q. 1.25. Fill in the blanks : 

(1) As the temperature rises, the resistance offered by 


metals .......... (increases, decreases) 
(ii) The semiconductors are .......... at absolute zero 
(conductors, insulators) Oise ies 
(iii) The resistance of semiconductors .......... with 
increasing temperature. (decreases, increases) 


(Text Question) 
Ans. (i) increases (11) insulators (iii) decreases. 


- FREQUENTLY ASKED SHORT ANSWER QUESTIONS 


ith Answers/Hints 


They are isotropic in nature i.e. their physical properties are 
same in all directions. a9 

Q. 1.04. Distinguish between energy levels and énergy 
bands. at: 

Ans. An isolated atom has various energy levels. In a 
crystal, atoms are so closely packed that due to interaction 
between them, splitting of energy levels takes place! The 
energy levels, then, form energy bands.’ The energy band 
formed by a series of energy levels containing the valence 
electrons is called valence band and the lowest unfilledene 
band formed just above the valence band. is.called conduction 


band. bone Sutisit nonlW 
_Q. 1.05, Distinguish between intrinsic and: extrinsic 
semiconductors? 5 een al (H.S.S.Gi52002) 


Ans. A semiconductor, free,fromialktypes of imgnirities: 
is called an intrinsic semiconductor, Aroom temperature, a 
few, covalent bonds break, up,and.the electrons come eut. In 
the bonds, from which electrons come out, vacancies are 
created. These vacancies in covalent bonds are called holes. 


an int conduc and electrons are equ 
n number and they are free to move about in the 
emiconductor. On the other hand, a semiconductor doped 
vith a suitable impurity (donor or acceptor) so that it 
ossesses conductivity much higher than that of pure 
emiconductor is called an extrinsic semiconductor. The 
xtrinsic semiconductor may be of n-type or p-type. 

Q. 1.06. Distinguish between insulators, conductors 
nd semi-conductors in terms of their energy band diagram. 

6 Wo iy eae eee 09) 
Or 

Give the energy band diagram for (i) insulators, (ii) 

netals and (iii) semi-conductors. GESS.C EE193) 
Or 

Draw a labelled energy band diagram for an insulator, 
1 conductor and a semi-conductor. (1.S.C.E. 1994) 

Ans. Refer to Figs. 1.07, 1.06 and 1.08 respectively. 

Q. 1.07. What is meant by doping ? Why is it done ? 

(S.C 1997) 

‘Ans. Doping. Refer to VSQ 1.12. 

At room temperature, the number of free electrons and 
noles in a pure semi-conductor is so small that the 
conductivity offered by it is practically of no use. Doping is 
Jone so as to improve the conductivity of a semi-conductor. 

Q. 1.08. What is meant by doping ? Draw energy band 
diagram of a n-type semiconductor. (H.PS.S.C.E. 1998 S) 

Ans. Doping. Refer to VSQ 1.12 

For energy band diagram, refer to Fig. 1.11. 

Q. 1.09. From consideration of energy, show that 
doping of n-type semiconductor can easily produce 
transport electrons. (E166. Grn 1994) 

Ans. Refer to section 1.14. 

) Q. 1.10. Distinguish between n-type and p-type 
semiconductors. (Fis.0,C.E.. 2002) 

Ans. Anm-type semiconductor contains a large number 
of free electrons and a small number of holes. On the other 
hand, ap-type semiconductor has a large number of holes and 
a small number of free electrons. 

Q. 1.11. Distinguish between n-type and p-type semi- 
conductors on the basis of energy band diagram. 

(C.B.S.E°1994) 

Ans. Refer to Figs. 1.11. and 1.13. 

Q, 1.12. For an extrinsic semiconductor, indicate on the 
energy band diagram the donor and acceptor levels. 
ly (C.B.S.61993) 

Ans. Refer to Figs. 1.11 and 1.13. 

Q. 4.13. Draw the energy band diagram of a n-type 
semiconductor. How does the forbidden energy gap of 
an iittrinsic semiconductor vary with increase in 
temperature ? (C.B.S.E: 2002) 

‘Ans For energy band diagram, refer to Fig. 1.13. 

When temperature of a semiconductor is increased, a 
greaternumber of €lectrons are raised from valence to 
conduction band. It may be considered, as if the width of 
forbiddenenergy gap'has decreased. Nita 

‘OPH14. Draw the energy band diagram of a p-type 
semiconductor. How does''the forbidden energy gap of 

2,919 M6 (OQ 9602 sHatival> AILAW YGOM yc.) 
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an intrinsic semiconductor vary with increase in 
temperature ? (C.B.S.E. 2002) 

Ans. For energy band diagram, refer to Fig. 1.11 and for 
answer to remaining part of the question, refer to SAQ 1.14. 

Q. 1.15. What is the effect of rise in temperature on the 
resistance of conductors (metals) ? 

Ans. The number of free electrons in metals is so large 
that they may be treated to behave as a dense electron gas in 
the metals. When the temperature increases, the kinetic 
energy of electrons also increases. With the increase in kinetic 
energy, the number of collisions between electrons themselves 
and between electrons and atoms or ions of the metal 
increases. This increases the resistance of the metal, due to 
which the conductivity decreases. 

Q. 1.16. What is an intrinsic semiconductor ? Why the 
conductivity of intrinsic semiconductor increases with rise 
of temperature ? (H.S.S.C.E.1993) 

Ans. For intrinsic semi-conductor-refer to SAQ 1.05. 

The fraction of the number of electrons raised from 
valence band to conduction band at temperature T is given 
by 
st ia g /kT 


f 


where Ey is value of the forbidden energy gap. It follows that 
as T is increased, f also increases. The greater number of 
electrons in conduction band leads to the greater conductivity 
of the semiconductor. 

Q. 1.17. How does the conductivity change with rise 
in temperature in case of semi-conductors ? 

Ans. At 0 K, all semiconductors are insulators. The 
valence band at 0 K is completely filled and there are no free 
electrons in conduction band. At room temperature, due to 
their thermal energy, the electrons jump to the conduction 
band. When the temperature increases, a large number of 
electrons cross over the forbidden gap and jump from valence 
band to conduction band. Hence, conductivity of 
semiconductor increases with temperature. 

Q. 1.18. Explain the effect of temperature variation on 
the resistivity of pure semiconductors. (ES'C.E- 1997) 

Ans. The variation in the resistivity of a pure semi- 
conductor is mainly due to change in carrier concentration. 
The fraction of the number of electrons raised from valence 
band to the conduction band is given by 


f 2 tae Siena 


It follows that as temperature (T) increases, the value of 
fraction f also increasesi.c. conductivity of the semi-conductor 
increases. In other words, as temperature of the semi- 
conductor increases, its resistivity decreases. 

_ Q. 1.19. Why is'a semiconductor damaged by a strong 
current ? (EN PES.CEM1 9984 PS .S-€'E-1991) 

Ans. A strong current, when passed through a 
semiconductor, heats up the Semiconductor and the covalent 
bonds break up. It results in’a’large number of free electrons. 
The material, then, behaves just as a conductor. As now the - 
semiconductor Ho loriger possesses thé property of low 
conduction, it is said'to be damaged. wee a “ xe . 
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TECHIE STUF - CONCEPTUAL SHC TANS 


For “Grnbitigus’ brilliant & & aos Stud&rits . 


.,Q. 1.01. The amorphous substances do not melt at a 

sharp temperature ; rather they have a softening range. 
Explain this observation. 

Ans. The amorphous substances possess short range 
order and the bonds between all the atoms and molecules are 
not of equal strength. On heating, the weak bonds get 
ruptured first and the stronger bonds later on. Owing to this, 
these substances do not have sharp melting points. 

Q. 1.02. An n-type semiconductor has a large number 
of electrons but still it is electrically neutral. Explain. 

Ans. An n-type semiconductor is obtained by doping 
pure Si or Ge-crystal with pentavalent impurity. As the 
impurity atoms enter into the configuration of the Si-crystal, 
its four electrons take part in covalent bonding, while the fifth 
electron is left free. Since each atom of the semiconductor as 
a whole is electrically neutral ; the n-type Ge-crystal, though 
having large number of free electrons, is electrically neutral. 
7" 1.03. What is donor energy level ? Explain. 


Ans. In case of n-type Si-crystal, the free electron 
produced by the donor atom (As-atom) revolves round the 
nucleus of the donor atom. It possesses a very small negative 
energy (= 0-045 eV)as it is revolving in the background of Si- 
crystal (having a high value of dielectric constant). All such 
electrons create an energy level just 0-045 eV below the 
conduction band. The energy level created by such electrons 
is called donor energy level. As energy gap between donor 
energy level and conduction band is very small, electrons can 


1. Explain, with neat Hevea formation of energy bands in 


solids. CT.S:9,C.b 1996, 1995) 

2. Draw the energy band diagrams of the following 
substances : 

(a) conductor (b) n-type semiconductor (c) p-type 

semiconductor (d) insulator. (PSS. C.E.41.999 S) 

3. What is meant by energy bands in solids ? Draw labelled 

energy band diagrams to illustrate the behaviour of (7) a 

conductor ; (ii) a pure semi-conductor ; and (iii) an 

insulator. (L.S.C.E. 1995) 

4. With the help of energy band diagrams, distinguish 

between the conductors, insulators and semiconductors. 

(C.BISE 1999'S ;'P.S.S.C.E..1996 S) 

5. What is an intrinsic semiconductor ? Give one example. 

With the help of diagram, explain how you can convert an 


easily cross it and the conductivity of the n-type semi 
conductor is greatly improved. 
oe Q. 1.04. What is acceptor energy level ? Explain. 


Ans. In case of p-type Si-crystal, the hole produced by th 
acceptor atom (In-atom) revolves around the nucleus o 
acceptor atom. As the motion of the hole around the nucleu 
is equivalent to the motion of a positively charged particle bu 
of the mass same as that of electron, it possesses a smal 
positive energy (= 0-04 eV). All such electrons create a1 
energy level just 0-04 eV above the valence band. The energ: 
level created by such electrons is called acceptor energy level 
As the difference of energy between valence band and th 
acceptor energy level is very small, the electrons from valenc 
band can easily raise themselves to the acceptor energy leve 
It leads to an increase in the conductivity of the p-typ: 
semiconductor. 

Q. 1.05. What is the difference between hole-curren 
and electron flow ? 

Ans. In ap-type semiconductor, there are vacancies callec 
holes. When such a material conducts, an electron from : 
nearby covalent bond jumps into the vacant place in order t 
fill it and thereby the hole shifts to the covalent bond fron 
which the electron has jumped. The movement of hole 
constitutes the hole-current. 

In an n-type semiconductor, the free electrons constitut 
the electron-current. 


FREQUENTLY ASKED SHORT ANSWER QUESTIONS = 


Carrying 3 Marks 


intrinsic semiconductor into an n-type extrinsi 
semiconductor. 

6. What are intrinsic and extrinsic semiconductors ? Explair 
how an n-type semiconductor is obtained. 

7. Explain, how an intrinsic semiconductor can be converte: 
into (i) n-type and (ii) p-type semiconductor. Give on 
example of each and their energy band diagrams. 

(C.B.S.E. 2001-8 

8. What is meant by doping ? Explain, how it changes th 
conductivity of the resulting extrinsic semiconductors. 

9. What is an extrinsic semiconductor ? Discuss the workin, 
of a donor type semiconductor. (A.PS.S.C.E. 1998 S 

10. Compare intrinsic and extrinsic semiconductors. 


on FREQUENTLY ASKED LONG ANSWER QUESTIONS © wae 


1. Explain the formation of energy bands i in solids and hence 
distinguish between conductors, semiconductors and 


insulators. (HES -0,C.5,. 1997) 

2. _ How are energy bands formed in Solid ? Explain the 
behaviour of conductors, are and semiconductors 
on the basis ofenergy:bandsi)i2\9 to utiosst 8 
(BS.8.G:E: 2002) 200,994: IH $:5:C.E. 2001) 

3. Explain the formation of, energy bands in solids. 
Distinguish between conductors, extrinsic and intrinsic 
gemiconducins and insulators, ga nN basis of band theory. 

= Pak S.E 1994) 


5 ru 199 e surpassed 


Carrying S Marks 


4. Explain the formation of energy bands in sollte. On th 
basis of the energy bands diagrams, distinguish betwee: 

(i) a metal, (ii) an insulator and (iii) a semiconductor. 
(C.B.S.E 1996, 1990 
\What'do you mean by doping ? State the necessar 
conditions, for doping ? What are'the various methods o 


__, doping? (PS..C.B. 2002 
6.” (a) Pepi with examples, the formation of energy band 
in solids. é “OT * 


(b) For an extringic tev mark the donor an 
acceptorJeyels in the energy, band diagram. 
ai co ‘ (CB. S.E 1993 


fonductor Obtain expression for electrical resistivity and 


conductivity of a semiconductor. 
(H.S.S.C.E. 2001, 1998 S) 
Using the concept of electron and hole current, derive 
expression for the conductivity of the semiconductor. 
(HP S.9.C.E. 1999 S 5 H.S.S.C.E: 1994) 


Type A. On Conductivity of a semiconductor 


i 


Energy band gap of gallium arsenide phosphate is 1-98 eV. 
Calculate the wavelength of electromagnetic radiation 
emitted, when electrons and holes combine in this alloy 
semiconductor directly. [Ans. 6269 A] 
A semiconductor has equal electron and hole 
concentration of 6 x 10° m-3. On doping with a certain 
impurity, electron concentration increases to 8 x 102m. 
(i) Identify the new semiconductor obtained after doping. 
(ii) Calculate the new hole concentration. (iii) How does 
the energy gap vary with doping ? (C.B.S.E. 2001) 
[Ans. (i) n-type (ii) 4-5 x 104 m° (iii) decreases] 

A semiconductor has equal electron and hole 
concentrations of 2 x 108 m3. On doping with a certain 
impurity, the hole concentration increases to 4 x 1012 m-%, 
(i) What type of semiconductor is obtained on doping ? (ii) 
Calculate the new electron concentration of the 
semiconductor. (iii) How does the energy gap vary with 
doping ? (C.B.S.E. 2001) 
[Ans. (i) p-type (ii) 10° m- (iii) decreases] 

A semiconductor has the electron concentration of 
8 x 10!3 cm-3 and hole concentration 4 x 10! cm”. Is 
this semiconductor p-type or n-type ? Also calculate the 
resistivity of this semiconductor. Given, electron 
mobility = 24000 cm? V-! s“! and hole mobility = 200 
ete ras (P.S.S.C.E. 2001) 
[Ans. n-type, 3:07 x 107! S m™}] 

A semiconductor has the electron concentration 
4 x 10!2 cm and hole concentration 7 x10!3 cm’. 
Is the semiconductor n-type or p-type ? Also calculate 
the conductivity of this semiconductor. Given, electron 


terms of concentration and mobility of intrinsic carriers. 
Hence, obtain expression for electrical resistivity of a 
semiconductor. 


FREQUENTLY ASKED NUMERICAL PROBLEI 


For Practice — 


mobility = 22000 cm? V-! 
cm? V-! 57! 


s! and hole mobility = 150 


(P.S.S.C.E 2001) 
[Ans. p-type, 1-576 x 10-12 S m4] 
A semiconductor has the electron concentration 0-45 x 10!2 
m~ and hole concentration 5 x 10% m~. Find its conduc- 
tivity. Given, electron mobility = 0-135 m? V-! s! ; hole 
mobility = 0-048 m2 V-! s“! ; e = 1-6 x 10°17 C. 
(PS.S.C.E. 1995) [Ans. 3-84 S m™] 
Predict the effect on the electrical properties of a silicon 
crystal at room temperature, if every millionth silicon atom 
is replaced by an atom of indium. Given : concentration 
in Si-atoms =5 x 1028 m3 ; intrinsic carrier concentration, 
n; =1:5 x 10!¢ m° ; 4, for Si-crystal = 0-135 m? V7} sty, 
for Si-crystal = 0-048 m* V-! s! ; intrinsic conductivity of 
Si = 4-4 x 104S m1; intrinsic resistivity of Si = 2300 Q m. 
[Ans. o = 384 S m'! (becomes very large), 
p = 0:0026 Q m (becomes very low)] 
Estimate the fraction of electrons, which are excited from 
the energy band through an energy gap of 1-1 eV ata 
temperature of 300 K. What is the fraction at 600 K ? Given, 
Boltzmann’s constant, k = 1-38 x 10-9 J. 
In an intrinsic semiconductor, the energy gap Ey, of an 
intrinsic semiconductor is 1-2 eV. Its hole mobility is very 
much smaller than electron mobility and is independent 
of temperature. What is the ratio between conductivity at 
600 K and that at 300 K ? Assume that the temperature 
dependence of intrinsic carrier concentration n; is 
expressed as 
| np =n eo Ps/kT 
where n, is a constant and Eg’ is an energy equal to E¢/2. 
Given, Boltzmann’s constant, k = 8-62 x 10> eV K-1, 
[Ans. 10°] 


_ SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FOR PRACTICE 


Se 


Proceed as in solved problem no. 1.01. 


‘(i) n-type 


(ii) Proceed as in solved problem no. 1.02. 
(iii) Decreases. 

(i) p-type 

(ii) Proceed as in solved problem no. 1. 02. 
(iii) Decreases. 


4..2{Proceed as in solved problem no. 1:03. 3 
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Buty 
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Proceed as in’ solved problem no, 1.03. 


‘Se(n,m, +), Uy) 


Scand = 1-6 x 10719.(0,45 x 102 x.0,135 +5.x,1020 x.0-048) 


tN 


fat 146 x 101915 1020 0-088) = 3-845 m=! 


7 < Number of indium atoms added. to silicon crystal 
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_, Thus, hole ediitentration, 1, 25% 2 m* 
1.c. 
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Now, electron concentration, 
Pine (5X10) 
Mp 5x10~. | 
Hence, conductivity of silicon crystal, 
o=e(n,M, + Ny, My) 
= 1.6 x 10-19 (4-5 x 10° x 0-135 + 5 x 10% x 0-048) 
= 384 S m~! (becomes very large). 
Also, resistivity of silicon crystal, 
p= B gi ory 0-0026 2 m (becomes very low) 
o 384 
Fraction of electrons, which are excited from the energy 
band through an energy gap I Ey 
ny me. -E g ik 
No 
Here, E, ati evelixtex 10?) 
Boleamiant’ s constant, k = 1-38 x 10-23 J K"! 
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Ml 2.01. FORMATION OF p-n JUNCTION 

A p-n juntion is a basic semiconductor device. 

__ When ap-type crystal is placed in contact with n-type crystal so as to form one 
piece, the assembly so obtained is called p-n junction or junction diode or crystal 
diode. The surface of contact of p and n-type crystals is called junction. In the p- 
section, holes are the majority carriers ; while in n-section, the majority carriers are 
electrons. Due to the high concentration of different types of charge carriers in the 
two sections, holes from p-region diffuse into n-region and electrons from n-region 
diffuse into p-region. In both cases, when an electron meets a hole, the two cancel 
the effect of each other and as a result, a thin layer at the junction becomes devoid 
of charge carriers. This is called depletion layer [Fig. 2.01]. The thickness of the 
depletion layer is of the order of 10 m. 

Due to the diffusion of holes and electrons, the two sections of the junction diode 
no longer remain neutral. The p-section of the junction diode becomes slightly 
negative, while the n-section is rendered positive. It appears as if some fictitious 
battery is connected across the junction with its negative pole connected to p-region 
and positive pole connected to n-region. The potential difference developed across 
the junction due to migration of majority charge carriers is called potential barrier. 
It opposes the further diffusion of charge carriers. The magnitude of the potential 
barrier is about 0-3 volt for germanium junction diode and about 0:7 volt for silicon 
junction diode. However, the value of potential barrier depends on the magnitude 
of doping of the semiconductor crystal. 

It may be pointed out that across the junction, a very large electric field is set 
up due to potential difference developed across it. Taking width of the depletion layer 
of a silicon junction diode as 10~ and a potential difference of 0-7 V set up across it, 
the strength of electric field is of the order of 

Bie ke 2X10 vias 
105% 

Thus, the formation of p-n junction results in a very strong electric field (or 

potential gradient) across the junction. 


ME 2.02. FORWARD AND REVERSE BIASING ON A JUNCTION DIODE 


A junction diode can be biased in the following two ways : 

1. Forward Bias. When an external d.c. source is connected to the diode with p-section 
connected to positive pole and n-section to the negative pole, the junction diode is said to be 
forward biased [Fig. 2.02]. 

Action of p-n junction. When the p-n junction is forward biased, the positive 
holes in the p-section are repelled by positive pole of the battery towards the p-n 
junction. Simultaneously, the negative electrons in the n-section are repelled by 
negative pole of the battery towards the junction. However, the movement of 
electrons and holes across the junction is opposed by the fictious battery voltage 
(~0-3 V to 0-7 V) developed across the junction. Just near the p-1 junction, electrons 
and holes combine and cease to exist as mobile charge carriers after the potential 
barrier is overcome by the applied potential. 

For each electron-hole combination that takes place near the junction, a covalent 
bond breaks in the p-section near the positive pole of the battery. Of the electron and 
the hole produced, the electron is captured by the positive terminal, while the hole 
moves towards the junction. On the other hand, as soon as the hole is created in the 
p-section due to the breaking of a covalent bond, an electron is released from the 
negative terminal of the battery into the n-section to replace the electron lost by the 
combination with a hole at the junction. These electrons move towards the junction, 
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where they again get neutralised on meeting he hi ng from left. As a 
consequence, a relatively large current, called forward current flows through the 
junction. The current in the external circuit is due to the electrons and is from 
negative terminal of battery to positive terminal through the junction diode. 

As discussed above, during the forward bias, the applied d.c. voltage opposes 
the fictitious battery developed across the p-n junction. Due to this, the potential 
drop across the junction decreases and as a result, the diffusion of holes and electrons 
across the junction increases. It makes the depletion layer thin and as such, the 
junction diode offers low resistance during forward bias. 

2. Reverse Bias. When a battery is connected to junction diode with p-section 
connected to negative pole and n-section connected to the positive pole, the junction diode 
is said to be reverse biased [Fig. 2.03]. 

Action of p-n junction. When the p-n junction is reverse biased, the holes 


(majority carriers) in the p-section get attracted towards the negative terminal of — 


battery and therefore, the holes move away from the junction. At the same time, 
the electrons (majority carriers) in the n-section get attracted towards the positive 
terminal and move away from the junction. As a very small number of holes and 
electrons (minority carriers) are left in the vicinity of the junction, practically no flow 
of current takes place. However, due to thermally generated electron-hole pairs 
within p-region as well as n-region, a small current (= a few microamperes) still flows. 


Some covalent bonds always break because of the normal heat energy of the crystal 


molecules. Electrons liberated by this process in the p-region move to the left across 
the junction, while holes generated in the n-region move to the right under the 
electric field produced by the battery. Thus, a small electron-hole combination 
current, called reverse current is maintained by the minority carriers. If the reverse 
bias is made very high, all, the covalent bonds near the junction break and a large 
number of electron-hole pairs are liberated and the reverse current increases abruptly 
toa relatively high value. The maximum reverse potential difference, which a diode 
can tolerate without breakdown is called reverse break down voltage or zener 
voltage. It is greater for Si than for the Ge. Its value depends upon the density of 
impurity atoms and may have a value of 1 or 2 volt to several hundred volt. 

It may be pointed out that during the reverse bias, the applied d.c. voltage aids 
the fictitious battery developed across the junction. Due to this, the potential drop 
across the junction increases and as a result, the diffusion of holes and electrons 
across the junction decreases. It makes the depletion layer thick and the junction 
diode offers high resistance during reverse bias. 

It may be noted that the potential barrier opposes the forward current, while it aids 
the reverse current. 


gag 2.03. CHARACTERISTICS OF A p-n JUNCTION 
Let us now investigate as to how the current flows during forward and reverse 
bias of a junction diode and then draw the characteristics in the two cases. 
Forward bias characteristic. The forward-bias connections of ap-n junction are 
as shown in Fig. 2.04 (a). The positive pole of the battery is connected to the p-section 
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and the negative polesto, the n-section. In the beginning, when the applied forward 


bias is low, practically no current flows through the junction diode. It isbecause).-, 3; shor 
the potential barrier (which is about 0-3V in case of Ge p-n,junction-and,0:7,V. in -jjo. 4 
case of Si p-n junction) opposes the applied voltage. Therefore, a small forward 
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When ap-n junction is forward biased, the _ 
width of depletion layer decreases. As a_ 
‘result, it offers low resistance during — 


Key point ff 


When a p-n junction is reverse biased, 
width of depletion layer increases. As a 
result, it offers high resistance during 
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otential barrier voltage. It is represented by portion OA of the graph between 
srward bias and the forward current [Fig. 2.04 (b)]. As soon as the forward bias 
ecomes greater than the potential barrier, the forward current increases almost 
nearly. The point A in the forward characteristic corresponding to the potential 
arrier appears like a knee and the forward voltage corresponding to knee point 
. is called knee voltage. 

Thus, when a p-n junction is forward biased, the current increases linearly and 
apidly above the knee voltage and the variation in current with increase of forward 
jas is extremely slow below the knee voltage. 

Further, when the p-n junction is forward biased, the depletion layer becomes 
hin. It is because, the polarity of the external d.c. source opposes the fictitious battery 
eveloped across the junction. As a result, the potential drop across the junction 
ecreases making the depletion layer thin. It leads to the low resistance of the junction 
iode during forward bias. 

. Reverse bias characteristic. If the p-section is connected to negative terminal 
nd n-section to the positive terminal of the battery, the junction diode is said to be 
sverse biased [Fig. 2.05 (a)]. When the p-n junction is reverse biased, the current 
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ows due to minority charge carriers and hence a microammeter is used to measure 
ae small current that flows during reverse bias. The reverse bias opposes the 
1ajority carriers but makes the minority carriers to cross the p-n junction. Therefore, 
current of about 1-2 A is obtained, on applying reverse bias to the p-n junction. 
remains almost constant till the Zener voltage is reached and then it increases 
udderly as shown in Fig. 2.05 (b). 

When the p-n junction is reverse biased, the depletion layer becomes thick. It 
; because, the external d.c. source in this case aids the fictitious battery. It results 
1 the increase of potential drop across the junction and the depletion layer appears 
nick. Because of the increased thickness of the depletion layer, the p-n junction offers 
igh resistance during reverse bias. 

Dynamic resistance. Both the forward bias and reverse bias characteristics of 
he p-n junction have knees and hence Ohm’s law is not obeyed. Therefore, the 
ssistance offered by the junction diode depends upon the applied voltage. 

The dynamic resistance of a junction diode is defined as the ratio of small change in 
oltage to the small change 1 in current produced. It is also Sin a.c. resistance of the 
inction diode and is denoted by rj. 

Thus, ti= uae ; (2.01) 
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The region of the characteristic curve, where ‘dynamic resistance is almost 

bHEReH SERS of the scsi niin is called 7 linear region of eae oe 


till the applied forward bias does not become ereater than the rae 


In a p-n junction, when forward bias is 
increased even slightly beyond the safe 
limit, it may get damaged. It is because, 
number of charge carriers in forward 
current is very large. Although charge 
carriers acquire very small kinetic energy 
and can produce a very small amount of 
heat, the total heat generated by all the 
carriers is good enough to rupture the 
covalent bonds. 
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Static and dynamic resistances mean 
entirely different terms. 
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"*. ggg 2.04. JUNCTION DIODE AS CTIFIER 

An electronic device which converts a.c. power into d.c. power is called a rectifier. 

The study of the junction diode characteristics reveals that the junction diode 
offers a low resistance path, when forward biased ; and a high resistance path, 
when reverse biased. This feature of the junction diode enables it to be used as a 
rectifier. The two half cycles of alternating input e.m.f. provide opposite kinds of 
bias to the junction diode. If the junction diode gets forward biased during first half 
cycle, it will get reverse biased during the second half cycle and vice-versa. In 
other words, when an alternating e.m.f. signal is applied across a junction diode, 
it will conduct only during those alternate half cycles, which bias it in forward 
direction. 
guy 2.05. HALF WAVE RECTIFIER 

A rectifier, which rectifies only one half of each a.c. supply cycle, is called a half wave 
rectifier. 

Principle. It is based on the principle that junction diode offers low resistance 
path, when forward biased ; and high resistance, when reverse biased. When a.c. 
input is applied to a junction diode, it gets forward biased during one half cycle and 
reverse biased during the next opposite half cycle. Thus, output is obtained during 
alternate half cycles of the a.c. input. 

Arrangement. The a.c. supply is fed across the primary coil P of a step-down 
transformer. The secondary coil S of the transformer is connected to the junction 
diode and a load resistance R, as shown in Fig. 2.07. The output d.c. voltage is 
obtained across the load resistance R, . 

Theory. Suppose that during the first half of the input cycle, the junction diode 
gets forward biased. The conventional current will flow in the direction of the arrow- 
heads. The upper end of R, will be at positive potential w.rt. the lower end. The 
magnitude of output across R, during first half cycle at any time will be proportional 
to the magnitude of current through R, i.e. proportional to the number of majority 
carriers crossing the junction, which in turn will be proportional to the magnitude 
of forward bias and which ultimately depends upon the value of a.c. input at that 
time. Hence, during the first half of the input cycle, when junction diode conducts, 
output across R, will vary in accordance with a.c. input. 

During the second half cycle, junction diode will get reverse biased and hence 
no output will be obtained across R,. Critically, a small current will flow due to 
minority carriers and a negligible output will be obtained during this half cycle also. 
During the next half cycle, output is again obtained as the junction diode gets 
forward biased. Thus, a half wave rectifier gives discontinuous and pulsating d.c. 
output across the load resistance as shown in Fig. 2.08. Thus, half wave rectification 
involves a lot of wastage of energy and hence it is not preferred. 

Note. A small current (= a few 1A) flows during reverse bias due to minority 
carriers. As the output across R, is negligible, the waveform corresponding to small 
current due to minority carriers has not been shown in Fig. 2.08. 


wag 2.06. FULL WAVE RECTIFIER 

A rectifier which rectifies both halves of the a.c. input is called a full wave rectifier. 
To make use of both the halves of input cycle, two junction diodes are used. 

Principle. It also works on the principle that a junction diode offers low 
resistance during forward bias and high resistance, when reverse biased. Here, two 
diodes are connected in such a manner that if one diode gets forward biased during 
first half cycle of a.c. input, the other gets reverse biased but when the next opposite 
half cycle comes, the first diode gets reverse biased and the second forward biased. 
Thus, output is obtained during both the half cycles of the a.c. input. . 

Arrangement. The a.c. supply is fed across the primary coil P of a step-down 
transformer. The two ends of the secondary coil S of the transformer are connected 
to the p-sections of the junction diodes D, and D). A load resistance R,, is 
connected across the n-sections of the two diodes and the central tapping of the 
secondary coil [Fig. 2.09]. The d.c. output will be obtained across the load 
resistance R, . ‘ ; 
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Theory. Suppose that during first half of the input cycle, upper end “f S coil 
s at positive potential and the lower end is at negative potential. The junction - 
diode D, will get forward biased, while the diode D, reverse biased. The 
conventional current due to the diode D, will flow along the path of full arrows. 
When the second half of the input cycle comes, the situation will be exactly _ 
reverse. Now, the junction diode D, will conduct and the conventional current will é 
flow along the path of the dotted arrows. Since, current during both the half cycles ! 
a 


a.c. INPUT 
VOLTAGE 


: 
f 
d.c.OUTPUT] / 
A VOLTAGE 


flows from right to left through the load resistance R;, the output during both the 
half cycles will be of the same nature. The right end of the load resistance R,_ will 
be at positive potential w.r.t. the left end. As discussed in case of half wave rectifier, 
the magnitude of output across R, at any time will vary in accordance with the a.c. 
input as shown in Fig. 2.10. 

Thus, ina full wave rectifier, the output is continuous but pulsating in nature. 
However, it can be made smooth by using a filter circuit. 


ges2.07. DIFFERENTTYPES OF JUNCTION DIODES 


Junction diodes are of many types and they have a wide range of applications 
in electronics. A few of them are discussed as below : 

1. Zener diode. In the usual junction diodes, when the applied reverse bias 
increases a particular large value, the reverse current increases suddenly on 
increasing the reverse bias even slightly. This particular large value of reverse bias 
is called breakdown voltage. An ordinary junction diode of low power rating will 
get destroyed on applying reverse bias above its break-down voltage. 

The specially designed junction diodes, which can operate in the reverse breakdown 
voltage region continuously without being damaged, are called zener diodes. 

A zener diode is represented by thesymbol as shown in Fig. 2.11. 

Fig. 2.12 shows the use of zener diode.in providing a constant voltage supply. — 
This use of zener diode is based on the fact that:in reverse break down (or zener) | 
region, a very small change in voltage across the zener diode produces a very large 
change in the current through the circuit. If voltage is increased beyond zener 
voltage; the resistance of the zener diode drops considerably. Consider that the zener 
diode and a resistor R, called dropping resistor are connected to a fluctuating d.c. ee SON MB NOEOLE TSE ATEN RHEE 3 
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supply (say of a rectifier), such that the zener diode is reverse biased. Whenever 
voltage across the diode tends to increase, the current through the diode rises out 
of proportion and causes a sufficient increase in voltage drop across the dropping —_-, yctyaTING 
resistor. As a result, the output voltage lowers back to the normal value. Similarly, = gc. INPUT 
when the voltage across the diode tends to decrease, the current through the diode ~ : 
goes down out of proportion, so that the voltage drop across the dropping resistor : 
is much less and now the output voltage is raised to normal. 

2. Photodiode. In semiconductors, electrons are released from the valence band, 
when energy is supplied to such electrons. This energy can be supplied in the form 
of heat or through an accelerating voltage. Light energy can also be used to produce 
the current in semiconductors. 

A junction diode made from light (or photo) sensitive semiconductor is called a 
photodiode. It is represented by the symbol as shown in Fig. 2.13 (a). 


LIGHT INTENSITY —> 


Fig. 2.13. (a) Fig. 2.13. (b) Fig. 2.13. (c) 

If the photodiode is forward biased [Fig. 2.13 (b)], a certain current flows in 
the circuit as depicted by portion AB of the graph in Fig. 2.13 (c). The current AB, 
that flows when no light is incident, is called dark current. When light of energy 
hv falls on the photodiode, more electrons from valence band move to conduction 


band, provided hv is greater than forbidden energy gap. Due to this, cu 
circuit increases. As the intensity of light is increased, the current goes on increasing 
as indicated by part BC of the graph. Astage comes, when current does not increase 
with increase in intensity of light and the photodiode is said to be saturated. Portion 
CD of the graph represents saturated current. 

3. Light Emitting Diodes (LED). When a junction diode is forward biased [Fig. 
2.14], energy is released at the junction due to recombination of electrons and holes. 
In case of silicon and germanium diodes, the energy released is in infra-red region. 
In the junction diode made of gallium arsenide or indium phosphide, the energy is 
released in visible region. Such a junction diode is called a light emitting diode or 
LED. 

4. Solar cell. A junction diode, in which one of the p or n-section is made, very 
thin (so that the light energy falling on the diode is not greatly absorbed before 
reaching the junction), can be used to convert light energy into electric Snereyt Such , 
junction diodes are called solar cells. 


An important application of a solar cell is that a set of solar cells can. be sei “ 


to charge batteries in day time and then to use them during night as a source of 

electrical energy. 

Mmm 2.08. ADVANTAGES OF SEMICONDUCTOR DIODES OV ER VACUUM : 
DIODES bat ms iy 


The properties of semiconductor diodes are similar to that of vacuum 18S 


diodes. Following are the main advantages of penepneenienge diodes:over vacuum (656) 
tube diodes : iTS WO i be 


Advantages. 1. There are no filaments in eraicontnete diodes avd hence no 
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power is needed to heat them so as to cause the emission‘of electrons.) \:ir0..670)- on 
2. Since no heating is required, the semiconductor diodes are Betinte specie ) Shen 
as soon as the circuit is switched on. ion arthie slog avis got sodas siggetioss 


3. During operation, the semiconductor diodes do not meio bene any humming 
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4. Semiconductor diodes require low voltage es their: spat abit norumaiesh: 
to vacuum tubes. Thus, the power consumption in sceucorigantes diodes.is very low.” 
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5. Being very small in size, they are very cmmpagtid y pion -crics oC duads 
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6. They are shock proof. IVa ty soAsG ert shou 7OIo1.09 at Moser s 


7. They much less as compared to vacuum tubes: 32 on: eovsal aoe 


8. They have unlimited life. — - 12 if, OUTST OMBe Ok I Gthwr 267 


9. As no vacuum has to be created in semiondictor diddes; ‘they have nO” 
vacuum deterioration trouble.. : 

Drawbacks. The main drawbacks of semiconductor audited’ is possibility of its ~ 
breakdown due to rise of temperature and application of high voltage. 


ma 2.09. TRANSISTORS 

A junction diode can not be used for amplifying a signal. For amplification, 
another type of semiconductor device called transistor is used. It is a three-section 
semiconductor. The three sections are combined, so that the two at extreme ends have ° 
the same type of majority carriers ; while the section that separates them, has the 
majority carriers of opposite nature. Therefore, a transistor can ben-p-n or p-n-p type. 
In other words, in an n-p-n transistor, the p-section is sandwitched between two 
n-sections [Fig. 2.15]. On the other hand, in a p-n-p transistor, the n-section is 
sandwitched between two p-sections [Fig. 2.16]. 

The three sections of the transistor are called emitter (E), base (B) and collector 
(C). The base of a transistor is made thin and as it is comparatively lightly doped, 
the number density of majority carriers in the base is always lesser as compared to 
that in emitter or collector. The emitter supplies the majority carriers for current flow 
and the collector collects them. The base provides the junctions for proper interaction 
between the emitter and the collector. The emitter can be, thus, compared to cathode 
and collector with the plate in a triode valve. The base of the transistor can be 
compared with the grid of the triode valve, as it performs a function similar to it. 

Symbol for transistors. In the symbol for a transistor, the arrow points hole 
current 1.e. conventional current. Therefore, the emitter in n-p-n transistor is 
represented by an arrow pointing away from the base, while the emitter in p-n-p 
transistor is represented by an arrow pointing towards the base. The symbols for 
n-p-n and p-n-p transistors are respectively shown in Fig. 2.17 and Fig. 2.18. 
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When a transistor is used in a circuit, the base-emitter junction is always 
forward biased and the base-collector junction is always reverse biased. 
ll 2.10. ACTION OF TRANSISTOR 

The action of both the types of transistors i.e. n-p-n and p-n-p is similar, except 
that the majority and minority carriers in the two cases are of opposite nature. 

(a) Action of n-p-n transistor. Fig. 2.19 shows the proper biasing of an n-p-n 
ransistor. The n-type emitter is forward biased by connecting it to negative pole of 
the battery V,, (emitter-base battery ) and n-type collector is reverse biased by 
connecting it to the positive pole of the battery V,. (collector-base battery). 

The majority carriers (which are electrons) in the emitter are repelled towards 
the base due to the forward bias. The base contains holes as majority carriers but 
their number density is small as itis doped lightly as compared to emitter or 
collector. Due to this, the probability of electron-hole combination in base region is 
very small (= 5% ). Most of the electrons (= 95%) cross into collector region, where 
they are swept away by the positive terminal of the battery V., connected to the 
collector. Corresponding to each electron that is swept by the collector and that enters 
the positive pole of the collector-base battery V;,, an electron enters the emitter from the 
negative pole of the emitter-base battery V,, . Thus, in n-p-n transistors, the current is 
carried inside the transistor as well as external circuit by the electrons. If 1, , I, and 
|. are respectively the emitter current, base current and collector current, then 

cal Aaa fe 

It may be pointed out that the arrows point in the direction of conventional 
current or hole current in spite of the fact that in the n-p-n transistor, the current is 
carried by electrons. . ; 

(b) Action of p-n-p transistor. The p-type emitter of ap-n-p transistor is forward 
biased by connecting it to positive pole of emitter-base battery V,, and the p-type 
collector is reverse biased by connecting it to the negative pole of the collector-base 
battery Vas shown in Fig. 2.20. 

In this case, majority carriers in emitter are holes and they are repelled towards 
the base due to the forward bias. As base is thin and lightly doped (very small as 
compared to collector and emitter), it has a low number density of electrons. When 
holes enter the base region, then only about 5% electron-hole combination takes 
place. Most of the holes (= 95%) reach the collector under the influence of reverse 
bias. As one hole reaches the collector, an electron leaves the negative pole of 
collector-base battery V,, and combines with it. At the same time, an electron is 
released from some covalent bond in the emitter, creating a hole in the emitter. The 
electron so released, enters the positive pole of the emitter-base battery V,,. Thus, 
current in p-n-p transistor is carried by holes and at the same time their concentration 
is maintained as explained above. 

In this case also, 


L=I1,+1, 
ME 2.11. COMMON EMITTER CHARACTERISTICS.OF A TRANSISTOR 
Common emitter characteristics of a transistor are graphs that are obtained between 
voltage and current, when emitter is earthed, base is used as input terminal and collector 
as the output terminal. 
Fig. 2.21 shows the experimental arrangement to study the common emitter 
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In a transistor, base is always thin and 
lightly doped. 
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characteristics of an n-p-n transistor. The base-emitter junction is forward biased 
by using base-emitter battery V,,, while the base-collector junction is reverse biased 
by using collector-emitter battery V_.. The microammeter and voltmeter in base- 
emitter circuit measure base current (I,) and the voltage between base and emitter 
(V,,). Similarly, milliammeter and voltmeter included in collector-emitter circuit 
measure the collector current (1I,) and voltage between collector and emitter (V,,,). 

We shall study the following common emitter characteristics : 

1. Input characteristics. These are graphs between base voltage (V,,) and the base 
current (I,) at different constant values of collector voltages (V ,, ). 

Let us first plot input characteristic at V., = 2 V. For this, potential divider 
arrangement in emitter-collector circuit is adjusted, till the voltmeter connected in 
collector-emitter circuit reads 2 V. It will mean that the voltage between collector 
and emitter is 2 V i.e. collector is at + 2 V w.rt. emitter of the transistor. Now, by 
making use of potential divider in emitter-base circuit, make base voltage zero. It 
will be noted that base current is also zero. Now, keeping collector voltage constant 
at 2 V, start increasing base voltage gradually. It will be found that the base current 
remains zero as long as the base voltage does not exceed barrier voltage (= 0-3 V or 
so). As soon as the base voltage becomes greater than the barrier voltage, the current 
increases slowly and then suddenly to a large value as shown in Fig. sis 22. It is input 
characteristic at V,, = 2 V. 

Similarly, we can draw input characteristic of the transistor at Ve =3 Vv and 
so on. 

It may be noted that the nature of input characteristics is similar to the forward 
characteristics of a junction diode. 

a.c. input resistance.* The a.c. input resistance of the transistor in common emitter 
configuration is defined as the ratio of small change in base voltage-to.the small change, 
produced in base current at constant collector voltage. It is denoted by R,,,. 

If A V,,, is small change in base voltage and A I,, small change PIREASER in base, 
current at constant collector voltage V_,, ZEDOD ba e irnge . 
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2. Output characteristics. These are graphs between collector alia (V,,) and the: 
collector current (I) at different constant values of base current ( I 

Let us first plot output characteristic at say T,'= 5 vA. To dos so, collector voltage 
is made zero and voltage between base and emitter is adjusted, till the microammeter 
in base-emitter circuit reads 50 vA. Now collector voltage is:increased gradually 
and the corresponding collector current is noted. Take care that base current always 
remains steady at 50 pA. Then, graph between V,, and corresponding values of I, 
gives output characteristics at I, = 50 yA. Similarly, output characteristics can be 
obtained at I, = 100 vA, 200 ih: 300 pA..... . The output characteristic at different 
constant walies of I, will be as shown in Fig. 2.23. 

Following points may be noted about output characteristics : 

(i) The collector current changes rapidly in beginning, but soon it becomes more 
or less independent of applied collector-emitter voltage. 

(ii) For a given value of collector voltage, larger the Pib current, larger is the 
collector current. 

(iii) In audiofrequency amplier circuits, the tinker part of the output 
characteristics is used in order to obtain undistorted output. 

a.c. output resistance. The a.c. output resistance of the transistor in common emitter 
configuration is defined as the ratio of small change in collector voltage to the small change 


produced in collector current at constant base current. It is denoted by R,,,. Thus, 
AV, 
Rout =| > : ...(2.05) 
Alay 


3. Transfer characteristics. These are graphs between the collector current (I,) and 
the base current (I,) at different constant values of collector voltages (V ,,). 

Let us plot transfer characteristics at say V,=3 V. For this, the potential divider 
arrangement in emitter-collector circuit is adjusted, so that the voltmeter connected 


* a.c. input resistance should be distinguished from d.c. input resistance, r;,, = I,,/I,- It is 
never used in the analysis of amplifier circuit. 


0204 06 08 10 12 


REESE IVER GLE ES SI ONION ONS 


05 1015 20 25 3035 


Ve(V) —> 


in emitter-collector circuit reads 3 V. Now, by making use of potential divider 
“arrangement in emitter-base circuit, the base-emitter voltage (V,,,) is varied. Due 
to this, base current will change and consequently the collector current will change. 
Each time, the base current (I,,) and the corresponding value of the collector current 
(1,) is noted. Itis ensured that the collector-emitter voltage always remains 3 V. Then, 
the graph plotted between I, and I, is the transfer characteristic of the transistor at 
V.,=3 V [Fig. 2.24]. It will be found that the graph will be a straight line. It implies 
that the output current (I,) varies linearly with the input current (I,). 
a.c. current gain. It is defined as the ratio of change in collector current to the change 
in base current at constant collector voltage. It is also called current transfer ratio and 
is denoted by f. Therefore, 
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ME 2.12. TRANSISTOR AS AN AMPLIFIER 

Like a triode valve, a transistor can also be used as an amplifier, oscillator, 
detector, etc. As already described, the emitter can be compared with the cathode, 
the base with the control grid and the collector with the plate of the triode valve. 
Ina triode valve, whereas cathode is always:common.to input and output circuits ; 
ina transistor, any of the three sections can be made common to the input and output 
circuits. Thus, when a transistor is to be used. as.an amplifier, one may have following 
three types of the amplifier circuits : 

1. Common base amplifier, 

2. Common emitter amplifier and 

3. Common collector amplifier. 

We shall study only the common base and common emitter amplifiers. 
ma 2.13. COMMON BASE AMPLIFIER ag 


In a common base amplifier, base of the transistor is: common to emitter and 


collector. Let us now discuss the common base amplifier circuits using an 1-p-n and . 


a p-n-p transistor. 
(a) Amplifier circuit using an n-p-n transistor. Fig. 2.25 shows the common 
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base amplifier circuit using an n-p-n transistor. The base is made common to both 


the input and the output circuits. 

The emitter is forward biased by using emitter-bias battery V,,, and due to this, 
the resistance of input circuit (R;,,) is small. The collector is reverse biased by using 
collector-bias battery Vand as a result, the resistance of output circuit (R,,,,) is quite 
large. Thus, R,,,4 >Rj,- The low input voltage signal is applied across emitter-base 
circuit (input circuit) and the amplified output is obtained across the collector and 
base (output circuit). 

Let us assume that I,, I, and I, represent emitter current, base current and 
collector current respectively, when the applied input signal voltage is zero. The 
arrows represent the direction of flow of hole current i.e. conventional current. 
According to Kirchhoff’s law, 

1,=1,+1, 

When current I, flows in collector circuit, a potential drop equal to R; will occur 
across the resistance connected in collector-base circuit and therefore, collector 
voltage i.e. voltage across the collector and base will be 

Vip= Vee7 We Rt ...(2.05) 


Oo 100 200 300 400 


Ed ap! Gee 


Irrespective of the configuration (common 
base, common emitter or common collec- 
tor), the emitter of a transistor is always 
forward biased and collector reverse 
biased. an 


Aes Li herd 


When the input signal is applied in emitter-base circuit, it will change the 
emitter voltage. Due to this, emitter current will change, which in turn will change 
collector current and then in accordance with the above equation, the collector 
voltage will vary. The variation in collector voltage, when input signal is applied, 
appears as an amplified output. 

Phase relation between input and output voltage signal. The output voltage 
signal obtained across base and collector* is in phase with the input voltage signal 
as explained below : 

Suppose that the first half cycle of input voltage is positive. As the emitter is 
connected to negative pole of the battery V,,,, the first half cycle will reduce the 
emitter forward voltage. This will make emitter current to decrease and 
consequently the collector current will also decrease. The decrease in collector 
current will decrease potential drop across R,; and hence according to equation (2.05), 
the collector voltage will increase. Since collector is connected to positive pole of 
the battery Veer the increase in collector voltage means that collector will become 
more positive i.e. positive output half cycle will be obtained. Thus, corresponding to 
positive half cycle of a.c. input, positive output half cycle will be obtained. — 

Now, the second half cycle of a.c. input is negative. Therefore, it will make 
emitter more negative, i.e. forward bias will increase. Due to increase in forward 
bias, emitter current and hence collector current will increase. The increase in 
collector current will increase the potential drop across R,. Then, according to 
equation (2.05), the collector voltage will decrease. As collector is connected to 
positive pole of the battery V__, the decrease in collector voltage will make collector 
less positive i.e. negative output half cycle will be produced. Thus, corresponding to 
the negative half cycle of a.c. input, negative output half cycle will be produced. Therefore, 
input and output voltage signals are in phase with each other as shown in Fig. 2.25, 
when in a common base amplifier, output is obtained across collector and base. 

a.c. current gain. It is defined as the ratio of change in collector current to the change 
in emitter current at constant collector voltage. It is denoted by a, 


AI 
Dee = A ‘| Ff e3n9f2.06) 
Veb 


a.c. voltage gain. It is defined as the ratio of change in output voltage to the change 
in input voltage. It is denoted byA,,. 
Suppose that on applying an a.c. input seal the input current sitet by 
AI, and correspondingly, the output current changes by A I. If R,,,, and R,,, are 
the resistances of output and input circuits respectively, then 
= (A I.) Rout a A I, x Rout 
P (A Vv.) Rin A I, Rin 
or A, =@,, x resistance gain, (2.07) 


out : 


where is called resistance gain. 


in 
a.c. power gain. It is defined as the ratio of change in output power to the change in 
input power. 
Therefore, 


change in output power _ (Al ray Rout _ A Ale fi Rout 


a.c. power gain= es “ Was; 
change in input power (A Py Reo Fe Toae see 


or a.c. power gain = Oe. X resistance gain is .-.(2.08) 

(b) Amplifier circuit using p-n-p transistor. Fig. 2.26 shows the common base 
amplifier circuit using a p-n-p transistor. The polarities of emitter-bias battery ¥ 
and collector-bias battery V_. are opposite to that in previous case so as to forward 
bias the emitter and to reverse bias the collector of the p-n-p transistor, The basic 
theory of the circuit making use of a p-n-p transistor remains the same as in case 
of an n-p-n transistor circuit. In this case also, the output voltage signal obtained 


* The output voltage signal may be obtained across R, . However, in that case, the input 


and output voltage signals will be out of phase with each other. 


=) 


Self-test Question 


‘The output signal obtained across Ry i is 
out of phase with input signal in a 
common base amplifier. Explain, why. 


e input voltage signal as 
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es i| = 
Vee Fig. 2.26. 

The first positive half cycle of the input signal increases the forward bias of the 
emitter. This will increase emitter current and hence the collector current. The 
increase in collector current will increase the potential drop across R, and hence 
according to equation (2.05), the collector voltage will decrease. As collector is 
connected to negative pole of the battery V,,., the decrease in collector voltage means 
that it has become less negative i.e. positive output signal will be produced. Thus, 
corresponding to the positive output half cycle of a.c. input, positive output half cycle will 
be produced. ST A cca peels 

Similarly, we can prove that corresponding to ‘the negative half cycle of a.c. input, 
the negative output half cycle will be produced. Hence, input and output voltage signals 
are in phase with each other as shown in Fig. 2.26, when output is obtained across 
collector and base in a common base amplifier) . 


gum 2.14. COMMON EMITTER AMPLIFIER 0:0 se o9h0 

In acommon emitter amplifier, the emitter of the transistor is;common to base 
and collector. Let us now discuss common emitter amplifier using an n-p-n and a 
p-n-p transistor. 

(a) Amplifier circuit using n-p-n transistor. Fig. 2.27 shows the common 
emitter amplifier circuit using an n-p-n transistor. 


a & 
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Vob Fig. 2.27. 

The emitter is common to both the input and output circuits. The emitter is 
forward biased by using base bias battery Vj, and due to the forward bias, the 
resistance of input circuit is low. The collector is reverse biased by using collector 
bias battery V,.. The low input voltage signal is applied in base-emitter circuit (input- 
circuit) and the amplified output is obtained across the collector and emitter. The 
arrows point in the direction of the hole current or the conventional current. 

The emitter current, base current and collector current are related to each other 
by the equation, 

I,=1,+1, (according to Kirchhoff’s first law ) 

Also, corresponding to collector current I, the collector voltage i.e. voltage 
across the collector and emitter will be 

Vee Vv. ~ TRE (2.09) 

The variation in input signal voltage causes variation in emitter current, which 
in turn produces change in collector current and hence in collector voltage. These 
variations in collector voltage appear as amplified output voltage. 


‘Phase relation between input and output signals. The input voltage signal and 
output voltage signal* obtained across collector and emitter are out of phase with 
each other in common emitter amplifier as explained below : 

Suppose that first half cycle of a.c. input voltage is positive. Referring to Fig. 
2.27, as base is connected to the positive pole of the battery V,,, it will make base 
more positive. Thus, negative forward bias of emitter will increase. It will increase 
the emitter current and hence the collector current. The increase in collector current 
will increase potential drop across R, and then according to equation (2.09), the 
collector voltage V_,, will decrease. As collector is connected to positive pole of the 
battery V_,., the decrease in collector voltage means that collector will become less 
positivei.e. negative output signal will be obtained. Thus, corresponding to positive 
half cycle of a.c. input, negative output half cycle will be obtained. 

Similarly, we can prove that corresponding to negative half cycle of a.c. input, 
positive output half cycle will be obtained. Therefore, input and output voltage 
signals are out of phase with each other as shown in Fig. 2.27. From the operation 
of common emitter amplifier, it follows that a large collector current (output current) 
flows corresponding to a small base current (input current) in the circuit. 

a.c. current gain. It is defined as the ratio of the change in collector current to the chan nge 
in base current at constant collector voltage. It is denoted by Pac: 


he (ite 
Vee 


Al, 


Its value is quite large as compared to 1 and lies between 15 to.50. 


Therefore, .,.(2.10) 


Self-test Question 
In acommon emitter amplifier, the outr 
voltage signal obtained across s 
phase with input vOre apn Exp al 
why. 


Transconductance. It is defined as the ratio of change in collector current ( output, es 


current) to the change in base voltage (input voltage) at constant collector diteen It is, 


denoted by g,,.. 
Al, 
Therefore, Sm = ..(2.11) 
A Vie Vee 
It can be expressed in another form as given below : 
ADA oa ly DR Eee Ay 
om WN 2 Al, ON AW 
or ns Bay x Pre (00 3) 


Rin 
a.c. voltage gain. It is the ratio of the change in output voltage to the change t in input 
voltage. It is denoted by A.,. 
Suppose that on applying an a.c. input signal, the input current changes by 


A I, and correpondingly, the output current changes by A I. Then, 
=a (A I.) x Rout = A I, x Rout 
OOS iN RN CB 
or A, = B,, x resistance gain 
Since B,. > Q,, a.c. voltige gain in common emitter amplifier is very large as 
compared to that i in common-base amplifier. 
From equations (2.12) and (2.13), it follows that 
a.c. power gain. It is the ratio of the change in output power to the change i in ‘ial 
power. 


« (2.18) 


in 


change in output power (A ree RR oat 


a.c. power gain = 
(AIp)°Rin 


change in input power 
e245) 
2 LYS : ue ys 
As Bac > & mM a.c. power gain in common emitter amplifier is extremely large 
as compared to that in case of common base amplifier. 


(b) Amplifier circuit using p-n-p transistor. Fig. 2.28 shows the common 
emitter amplifier circuit using a p-n-p transistor. The polarities of base-bias battery 


or a.c. power gain = B2. x resistance gain 


*The output voltage signal may be obtained across R,. However in that case, the input 


and output voltage signals will be in phase with one other. 
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b Fig. 2.28. 


V,, and collector-bias battery V.. are opposite to those of a common emitter 
amplifier using n-p-n transistor. In this case also, the output signal obtained across 
the collector and emitter is out of phase with input signal applied across the base 


and emitter as explained below : 


AMPLIFIED 
VOLTAGE 


SIGNAL 


The first positive half cycle of a.c. input will make base less negative as the base 


is connected to negative pole of the battery V,,, It is equivalent to say that emitter 
will become less positive. As the forward bias of emitter decreases, the emitter 
current will decrease, which in turn will decrease the collector current. As the 
collector current decreases, the potential drop across R,, will decrease and hence 


according to equation (2.09), the collector voltage V,, will increase. As collector is 
connected to negative pole of the batteryV .,, the increase in collector voltage means 
that the collector will become negativei.e. negative output half cycle will be obtained. 

Similarly, we can prove that corresponding to negative half cycle ofia.c. input, 


positive output half cycle will be obtained. 


Thus, we conclude that in a common emitter amplifier using p-n-p transistor 
also, the output and input voltage will be out of phase by 180° as shown in Fig. 2.28. 


ME 2.15. RELATION BETWEEN a AND f 
For both the types of amplifier, we have 


L=1,+1, 
Dividing both sides of the above equation by I, we get 
Fe 2 
I, I, 
But a=I_/I, and BSE. 
"huni tare 
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(2.16) 


The equation (2.16) is the relation between the current gains of common base 


and common emitter amplifiers. 


MEN 2.16. TRANSISTOR AS AN OSCILLATOR 


Like a triode valve, a transistor can also be used to produce undamped 
electromagnetic oscillations. Fig. 2.29 shows the circuit for p-n-p transistor as an 


|IDUCTIVELY COUPLED 


Fig. 2.29. 


oscillator in common emitter configuration. The battery is connected in series with 
the high impedance coil L’ in collector-emitter circuit and a low impedance coil L 


The current gain in a common emmite: 


amplifier is very large as compared to that 
in case of a common base amplifier. 


ci LTS SS 
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is connected in the emitt 
connected in parallel to the coil L ma 
oscillations produced. 

Working, When the tapping key (T.K.) is pressed, a very small collector current 
flows through the coil L’. As the coil L is inductively coupled to the coil L’, due to 
the change of current and hence change of magnetic flux through the coil L’, a small 
voltage is induced in the coil L. This small voltage produces a small current to flow 
in the emitter-base circuit. If due to the induced voltage so produced, the emitter 
gets forward biased, then the small emitter current causes a corresponding increase 
in the collector current (in a transistor, I, =I,+I,). As the collector current rises, the 
growing magnetic flux linked with the coil L’ increases the induced voltage across 
the coil L, which in turn will further increase the forward bias of the emitter. This 
increases the emitter current and hence the collector current increases still further. 
In this way, the collector current through the coil L’ goes on increasing, till the 
induced e.m.f. across the coil L attains a saturation value. 

As the current reaches saturation value and stops changing, the magnetic flux 
also stops changing. The emitter current which was being sustained by the induced 
voltage in coil L begins to decrease, causing collector current to decrease as well. 
The decreasing collector current through coil L’ will induce voltage in the coil Lin 
the reverse direction, which will further decrease the emitter current. This results 
in further decrease of the collector current. The ‘inertia’ of the collapsing flux carries 
the collector current below its normal value (in the absence of any emitter current). 

As the current becomes minimum and stops changing, the magnetic flux also 
stops changing. In the absence of induced voltage, the collector current starts 
increasing to its normal value again, causing the induced emitter current once again. 
This marks the beginning of the next cycle and the process is repeated giving 
oscillations of constant amplitude because of the feedback energy to the L—C circuit 

proper phase. The frequency of the oscillations produced is given by 


f= uf cok p(B LZ) 
2% JLiG 


The frequency can be varied by changing capacitance of the variable capacitor. 


8 2.17. ADVANTAGES OF TRANSISTORS 

Transistors, because of their many merits over vacuum tubes, have practically 
completely replaced them in all the fields of electronics. Some of the advantages of 
the transistors over the vacuum tubes are as given below : 

Advantages. 1. As transistors have no filaments, hence no power is needed to 
heat them to cause the emission of electrons. 

2. Since no heating is required, transistors are set into operation as soon as the 
circuit is switched on. bh: 

3. During operation, transistors do not produce any humming noise. 


rang 
y be used to vary the frequency of the 


4. Transistors require low voltages for their operation as compared to vacuum ‘ 


tubes. 

5. Owing to their small sizes, the circuits involving transistors are very compact. 

6. Transistors are shock proof. 

7. Transistors are cheaper as compared to vacuum tubes. 

8. Transistors have almost unlimited life. 

9. As no vacuum has to be created in transistors, they have no vacuum 
deterioration trouble. 

Whereas transistors enjoy a number of advantages over the vacuum tubes, they 
have following drawbacks which put limit on their use in electronic circuits : 

Drawbacks. 1. Noise level is higher in transistors as compared to that in the 
vacuum-tubes. 

2. Ordinary semiconductor devices cannot handle as much power as ordinary 
vacuum tubes can do. 

3. In high frequency range, they have poor response. 

4. The transistors are temperature-sensitive. The maximum temperature the 
transistors can withstand, is very low (= 50° C). Even a small over-heating spoils 
the transistor. This is because, at a higher temperature, the covalent bonds break 
up and the semiconductor piece forming the transistor becomes conducting. 


parallel combination of inductor and 


capacitor. The transistor only keep: 
amplitude of the oscillations constant by 
providing right amount of energy at right 
Thomene (OPO Vr net 


2.18, INTEGRATED CIRCUITS (IC) 

Microelectronics is the branch of electronics, which describes the technology 
that is used to produce electronic circuits of extremely small size, called 
microelectronic circuits or integrated circuits. Integrated circuits consist of whole 
systems rather than separate electronic components. 

Fig. 2.30 (a) shows a thin slice of silicon crystal about 0-5 cm in thickness. It is 
called a silicon wafer. It may have diameter ranging between 0-25 cm to 10 cm. 

Fig. 2.30 (b) shows a small part of such a silicon wafer of dimensions 
50 mil x 50 mil.* This small portion of the wafer is called a silicon chip. The 
various components such as resistors, inductors, capacitors, diodes, transistors, 
logic-gates, etc can be grown over such one silicon chip. For example, a 
transistor can be constructed in space A of dimensions 6-5 mil x 4 mil, a diode 
can be constructed in space B of dimensions 4-5 mil x 3 mil and a resistor can 
be constructed in the portion C of dimensions 12 mil x 2 mil. The components 
are connected internally to produce a desired circuit. 

Fig. 2.30 (c) shows the mounting of the silicon chip into a casing. The pins are 
connected internally to the integrated circuits and the other ends of the pin are used 
to make external connections. pags 

Depending on the number of components fabricated on a chip, the integrated 
circuits are classified as below : Gina y Wis |: 

(i) Medium scale integrated circuits (MSI). Such integrated circuits have about 
100 circuit components. . we Aca Aye 

(ii) Large scale integrated circuits (LSI). They have more than 1000 circuit 
components. eh O yadcc2 <rigarees ' 

Integrated circuits have following advantages over the conventional electronic 
circuits : sabia 

1. They are highly reliable. eee tr ge 

2. They require very small space as compared to conventional electronic 

circuits. i. 

3. They have lower total cost. 

Today, integrated circuits are widely-used in televisions, video cassette 
recorders and computers. Large scale availability of computers in the market has 
been made possible by the IC technology. __.. At eae Pe 
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gum 2.19. DIGITAL ELECTRONICS | “a 


So far, we have studied analog electronic circuits. In such circuits, the voltage 
signals vary continuously with time and such signals are called continuous or analog 
voltage signals. Fig. 2.31 showsa typical voltage signal varying sinusoidally between 
Oand5V. PUA 

The digital electronic circuits make use of entirely different type of voltage 
signals. In such signals, the pulse wave form does not vary continuously with time 
as in analogne voltage signal. Instead, it has only two voltage levels i.e. either zero 
or some constant value of voltage. Such voltage signals ate called digital voltage 
signals. Fig. 2.32 shows a digital voltage signal, which at any instant will either be 
equal to 0 V or 5 V. Tai 

By representing these two voltage levels by binary numbers 0 and 1, the digital 
electronics has been developed. The counters, computers, etc are the outcome of 
digital electronics. We now first learn some elementary ideas about binary number 
system and then the logic gates, which are the basic building blocks of digital 
electronics. 
gums 2.20. BINARY NUMBER SYSTEM 

The binary number system is a code that uses only two digits 0 and 1. 

Just as the number next to 9 in decimal number system (0, 1, 2, 3, 4,5, 6, 7,8 
and 9) is obtained by writing second digit (i.e. 1) followed by the first (i.e. 0) and it 
is called 10 ; the number next to 1 in binary number system (0, 1) is obtained by 
writing second digit (i.e. 1) followed by the first (i.e. 0) and it is called 10. In other 
words, the binary representation of decimal digit 2 is 10. Similarly, the decimal digit 
3 is represented in binary number system as 11 and so on. 

The binary representation of any decimal digit or number can be easily obtained 
by double dabble method. 


*The symbol mil stands for milli-inch. Thus, 1 mil = 2:54 x 10° cm. 
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Double dabble method. To represent a decimal number in binary number 
system by double dabble method, the following steps are involved : 

Step I. Go on dividing the given decimal number by 2, until the quotient is zero. 

Step IT. Then, the remainders taken in reverse order (obtained in successive 
divisions) give the binary representation of the given decimal number. 


To find binary representation of decimal number 2: ie 
212 (i) The remainders in reverse order are 1 and 0. 
20 (ii) Therefore, binary representation of the decimal number 2 is 10. 
0-1 
To find binary representation of decimal number 3 : 
213 (i) The remainders in reverse order are 1 and 1. 
PAR as | (ii) Therefore, binary representation of the decimal number 3 is 11. 
0-1 


To find binary representation of decimal number 4: 
(i) The remainders in reverse order are 1, 0 and 0. 
(ii) Therefore, binary representation of decimal number 4 is 100. 
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To find binary representation of decimal number 9 : 
(i) The remainders in reverse order are 1, 0; 0 and 1. 
(ii) Hence, binary representation of decimal number 9 is 1001. 


1 
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To find binary representation of decimal number say, 37 : 
(i) The remainders in reverse order are 1, 0,0, 1, 0 and i. 
(ii) Hence, binary representation of decimal number 37 is 100101. 


The following points may be noted about the binary number system : 

1. Each digit of binary number is called a bit. 

2. The first digit is called least significant bit (LSB), while the last digit is called 
most significant bit (MSB). For example, in binary number 110 ; 0 is LSB and 1 is 
MSB. 

3. The binary representation of the decimal number 37 was found to be 10010. 
The decimal number 37 is represented (37),) and its binary representation is 
(100101),. Thus, 

(37)19 = (100101), 

4. In decimal number system, the multiplier of digit in unit place is 10°, the 
multiplier of digit in tenth place is 10!, the multiplier of digit in hundredth place 
is 107, and so on. In binary number system, base is 2. Therefore, in a binary number 
system, the multipliers of the bits are 2°, DLE Yi ages starting from LSB, till MSB 
is reached. With the help of these multipliers, the decimal representation of a binary 
number can be easily found as explained in the following two examples : 

To find decimal representation of binary number 110: 


‘Neal SER Ate olan 1 0 
pie isp |, =1*2 +1x2 +0x2 


=4+2+0=6 
Thus, decimal representation of binary number 110 is 6. 
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al representation of binary number 10100 : 


=16+0+4+0+0=20 

Thus, decimal representation of binary number 10100 is 20. 
gag 2.21. LOGIC GATES 

The logic gates are building blocks of digital electronics. They are used in digital 
lectronics to change one voltage level (input voltage) into another (output voltage) 
ccording to some logical statement relating them. 

Thus, logic gate is a digital circuit, which works according to some logical relationship 
etween input and output voltages. 

A logic gate may have one or more inputs, but it has only one output. The 
elation between the possible values of input and output voltages are expressed in 
he form of a table called truth table or table of combinations. 

Truth table of a logic gate is a table that shows all the input and output possibilities 
or the logic gate. . 

George Boole invented a different kind of algebra based on the binary nature 
of the logic. A logical statement can have only two values, such as HIGH or LOW ; 
IN or OFF; CLOSED or OPEN ; YES or NO; TRUE or FALSE ; etc. The two values 
»f the logical statements are denoted by the binary numbers 1 and 0. The binary 
umber 1 is used to denote the HIGH value and the number 0 to denote the LOW 
value. The logical statements that logic gates follow are called Boolean expressions. 
[he three basic logic gates of digital electronics, called OR gate, AND gate and NOT 
gate follow the following Boolean expressions : 

1. In Boolean algebra, the addition sign (+) is referred to as OR. The Boolean 
expression : 

; y=A+B ...(2.18) 

is read as y equals A OR B. 

The OR gate is designed on the basis of Boolean expression (2.18). 

2. The multiplication sign (.) is referred to as AND in Boolean algebra. The 
Boolean expression : 

y=A.B soci be) 

is read as y equals A AND B. 

The AND gate is designed on the basis of Boolean expression (2.19), 

3. The bar sign (-) is referred to as NOT in Boolean algebra. The Boolean 
expression : 

y=A * (2.20) 

is read as y equals NOT A. 

The NOT operation is also called negation or inversion, The NOT gate is 
designed on the basis of Boolean expression (2.20). 
gum 2.22. THE ‘OR GATE’ 

The OR gate is a two inputs and one output logic gate. It combines the inputs 
Aand B with the output y following the Boolean expression 


y=A+B 
i.e. y equals A OR B. The OR gate is represented by the symbol shown in Fig. 2.33 (a). 
A 
A B 
hi y L 
B’ 
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Fig. 2.33. (a) Fig. 2.33. (b) Fig. 2.33. (c) 


| The various possible combinations of the inputs and output of the OR gate can 
be easily understood with the help of the electrical circuit shown in Fig. 2.33 (b). In 
this electrical circuit, a parallel combination of two switches A and B is connected 
to a battery and a lamp L. 


_ The following inferences can be easily drawn from the working o 
electrical circuit : 

(a) If both the switches A and B are OPEN (i.e. A= 0, B = 0), then the lamp will 
not glow (i.e. y = 0). 

(b) If the switch A is CLOSED and B is OPEN 

(i.e. A= 1 and B = 0), then the lamp will glow (i.e. y=1). 

(c) If the switch A is OPEN and B is CLOSED (i.e. A = 0 and B = 1), then the 
lamp will glow (i.e. y=1). 

(d) If both the switches are CLOSED (i.e. A= 1, B = 1), then the lamp will glow 
(i.e. y= 1). 

It follows that in the given electrical circuit, the lamps glows (or output is 
obtained) even when one of two switches is closed i.e. when switch A OR switch B 
is closed. For this reason, the electrical circuit shown in Fig. 2.33 (b) is.called OR gate. 


The various possible input-output combinations for the given electrical circuit i.e. 
OR gate can be written the form of the table given in Fig. 2.33 (c). It is called truth... 


table of OR gate. 

In practice, the OR gate is realised with the help of the electronic circuit using 
two diodes D, and D, as shown in Fig. 2.34. The two diodes play the roles of the 
switches A and B as explained below : Hive " Kar 


The input voltage that can be applied at A or B is, either. 0 or, 5. V, There are 4 5 


following possible cases : 


PLES aor. a 
(a) A= 0 and B = 0. When the inputs A and B are connected to earth (0-V),, ’ 


both the diodes D, and D, do not conduct and hence no voltage develops across 
resistor and accordingly output y is 0. AGEs PR A i Ae AMM TE A oll gay cei 
(b) A =1 and B = 0. When the input A is connected to the positive terminal of 


battery (5 V) and B is connected to earth (0 V), the junction diode D, .conducts (as, 


it gets forward biased) while the diode D, does not conduct (as it gets reverse 


biased). If the diodes are ideal ones, output y (due to conduction of diode D,) will — 


also be 5 V or 1. (In binary number system, the high level of voltage is represented 
as 1). it eeu" 


ss rey Op ea ae eye) MiGt C3 
(c) A=0 and B =1. In this case, reverse of above will happen i.e. the diode Dyes 


will not conduct and D, will conduct. Obviously, the output will again be 5 V or 1. 

(d) A= 1and B = 1. When A and B are connected to positive terminal of the 
battery (5 V), both the diodes will conduct. Because the outputs of thé'two diodes 
obtained across resistor R are in parallel, the net output y will stillbe 5 Vor 


Since input-output combinations of the electronic circuit shown in Fig-2:34are ~ 


same as those of electric circuit shown in Fig.-2.33 (b); Fig. 2.33 (c) also represents 
the truth table of the OR gate realised with the help of the electronic circuit shown 
in Fig. 2.34. ; a . 


ME 2.23. THE ‘AND GATE’ 


! 


The AND gate is also a two inputs and one output logic gate. It combines the. 


inputs A and B with the output y following the Boolean expression 
y=A.B a ti “ag eS ‘3 ¥ 
i.e. y equals AAND B. The AND gate is represented by the symbol shown in Fig. 


2.35 (a). arr 
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Fig. 2.35. (a) Fig. 2.35. (b) Fig. 2.35. (c) 
The various possible combinations of the inputs and the outputs of the AND 
gate can be easily found with the help of the electrical circuit shown in Fig. 2.35 (b). 
Here, a series combination of the switches A and B is connected to a battery and a 
lamp L. The following conclusions can be easily drawn from the working of the above 
electrical circuit : 


(a) If both the switches A and B are OPEN (i.e. A=0, B=0), then the lamp will 
not glow (i.e. y = 0). 


y, Curl GE be 


rill not glow (i.e. y = 0). 

(c) If the switch A is OPEN and B is CLOSED (i.e. A = 0 and B = 1), then also 
1e lamp will not glow (i.e y = 0). 

(d) If both the switches A and B are CLOSED (i.e. A = 1 and B = 1), then only 
1e lamp will glow (ie. y = 1). 

It follows that in the given electrical circuit, the lamp glows (or output is 
btained), only when both the switches are closed i.e. when switches A AND B are 
losed. For this reason, the electrical circuit shown in Fig. 2.35 (b) is called AND gate. 
he various possible input-output combinations for the given electric circuiti.e. AND 
ate can be written in the form of the table given in Fig. 2.35 (c). It is called truth 
able of AND gate. 

The AND gate can be realised by the electronic circuit making use of two ideal 
inction diodes D, and D, as shown in Fig. 2.36. The resistor R is connected to 
ositive terminal of a 5 V battery. The operation of AND gate can be discussed in 
ollowing four cases : 

(a) A= 0 and B = 0. Both the diodes D; and D, get forward biased and hence 
onduct. The output y will be the voltage drop across D, or D5. Since diodes are 
deal, no voltage drop occurs across the diodes. Hence, the output y is 0. 

(b) A=1and B = 0. The diode D, will conduct and diode D,will remain idle. 
Jow, output y is voltage across D, and hence it is 0. 

(c) A=0and B =1. The diode D, will conduct, while D, will not conduct. Now, 
utput y is voltage across D,, which is 0. 

(d) A =1and B =1. Both the diodes will not conduct. The output y will equal 
vattery voltage 5 V i.e. equal to 1. ; 

Obviously Fig. 2.35 (c) represents the truth table of the AND gate realised with 
he electronic circuit as shown in Fig. 2.36. 
mem 2.24. THE ‘NOT GATE’ ; 

The NOT gate is a one input and one output logic gate. It combines the input 
A with the output y following the Boolean expression 

y=A e | 
.e. y NOT equals A. The way, the NOT gate gives the output, it is also called invertor. 
it is represented by the symbol as shown in Fig. 2.37 (a). 


A | ¥ 

Oxichrel 

a y 2 vivo 
Fig. 2.37. (a) Fig. 2.37. (b) ‘Fig. 2.37. (0) 


The possible input and output combinations of a NOT gate can be easily 
discussed with the help of the electrical circuit as shown in Fig. 2.37 (b). Here, the 
switch is connected in parallel to the lamp and the battery. The following 
conclusions can be easily drawn from the working of the above electrical circuit : 

(a) If the switch A is OPEN (i.e. A = 0), the lamp will glow (i.e. y= 1). 

(b) If the switch A is CLOSED (i.e. A = 1), the lamp will not glow (ie. y = 0). 

It follows that in the given electrical circuit, the lamp glows (or output is 
obtained), when the switch A is NOT closed. For this reason, the electrical circuit 
shown in Fig. 2.37 (b) is called NOT gate. The two possible input-output 
combinations can be written in the form of the table as shown in Fig. 2.37 (c). It is 
called truth table of the NOT gate. 

The NOT gate can be realised by making use of a transistor [Fig. 2.38]. The base 
(B) of the transistor is connected to A through a resistor R,, while the emitter (E) is 
earthed. The collector is earthed through a resistor R, and a5 V battery. The operation 
of NOT gate can be discussed in following two cases : 

(a) A = 0. The base of the transistor also gets earthed. Therefore, base-emitter 
junction is not forward biased. Since the base current is zero, the collector current 
is also zero. The transistor is said to be in cut-off mode. The output y will be equal 
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to the voltage of battery connected to collector i.e. 5 V.. 
y=1. 

(b) A = 1. The base-emitter junction gets forward biased and it leads to a large 
collector current.* The transistor is said to have gone to saturation. The voltage drop 
across the resistor R. is just equal to 5 V and the output y is very nearly 0. 

Obviously, Fig. 2.37. (c) represents the truth table of the NOT gate achieved by 
making use of the electronic circuit shown in Fig. 2.38. 


gee2.25. COMBINATION OF GATES 


Various combinations of three basic gates i.e. OR, AND and NOT give rise to 
complicated digital circuits. We now discuss a few combinations of these basic gates 
using their symbols : 

1. The NAND gate. It is a logic circuit in which AND gate is followed by a NOT 
gate. 

If the ouput (y’) of AND gate is connected to the input of NOT gate [Fig. 2.39 
(a), the gate so obtained is called NAND gate. The logic symbol of the NAND gate 
is as shown in Fig. 2.39 (b). 


A y’ A 
y y 
B B 


Fig. 2.39. (a) Fig. 2.39. (b) 
The truth table of NAND gate can be obtained by combining the truth tables 
of AND and NOT gates. It will be as given in Fig. 2.40 (a). 


Fig. 2.40. (a) Fig. 2.40. (b) 
The same is equivalent to the truth table given in Fig. 2.40 (b). 
Boolean expression for the NAND gate is 


y=A.B ..(2.21) 


2. The NOR gate. It is a logic circuit in which OR gate is followed by a NOT gate. 
If the output (y’) of OR gate is connected to the input of a NOT gate [Fig. 2.41 (a)], 
the gate so obtained is called the NOR gate. 


Fig. 2.41. (a) Fig. 2.41. (b) 
The logic symbol of the NOR gate is shown in Fig. 2.41 (b). 
The truth table of NOR gate can be obtained by combining the truth tables of 
OR and NOT gates given in Fig. 2.42 (a). 


, 


Fig. 2.42. (a) Fig. 2.42. (b) 


*The values of resistors R, and R, are so selected. 


It is equivalent to the truth table given in Fig. 2.42 (b). Boolean expression for 
the NOR gate is 
y=A+B zA2.22) 

wae 2.26. THE NAND GATE-BUILDING BLOCK IN DIGITAL CIRCUITS 

The different gates can be obtained by the repeated use of the three basic gates 
i.e. OR, AND and NOT gates. The repeated use of the NAND gate* can produce all 
the three basic gates. Thus, in digital circuits, NAND gate serves as a building block. 
Now, we proceed to show how the repeated use of the NAND gate can produce 
OR, AND and NOT gates. 

1. To produce NOT gate by using NAND gate. Suppose that the two inputs 
of the NAND gate are joined, so that it has one input [Fig. 2.43 (a)]. 


Fae onl! 
A 4 
B 1 eae 


Fig. 2.43. (a) Fig. 2.43. (b) 

Setting B =A in the truth table of NAND gate, we obtain the truth table as given 
in Fig. 2.43 (b). Since it is the truth table of the NOT gate, it follows that a NAND 
gate functions as the NOT gate, when its two inputs are joined. 

2. To produce the AND gate by using the NAND gate. Suppose that the output 
of the NAND gate is connected to the NOT gate (made from NAND gate by joining 
the two inputs) as shown in Fig, 2.44 (a) 


Rie i Bow Vi 
be cout 2112.0 
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Fig. 2.44. (a) Fig. 2.44. (b) 


The truth table of the combination will be as shown in Fig. 2.44 (b). It follows 
that it is the truth table (read columnsA, B andy only) of the AND gate. Hence, when 
a NAND gate is connected to a NOT gate (made from NAND gate), it functions as 
the AND gate. See 

3. To produce the OR gate by using the NAND gates. Suppose that the inputs 
Aand Bare connected to the two NOT gates (obtained from the NAND gates). The 


inputs A and B will get inverted i.e. will appear as A and B. These inputs are, then, 
fed to the NAND gate as shown in Fig. 2.45 (a). 


Fig. 2.45. (a) Fig. 2.45. (b) 

The truth table of the arrangement will be as shown in Fig. 2.45 (). It follows 
that it is the truth table of the OR gate (read columns A, B and y only), Hence, if the 
inputs A and B after being inverted by using two NOT gates ( obtained from the NAND 
gates) are then fed to the NAND gate, the arrangement functions as the OR gate. 
gums 2.27. THE ‘XOR GATE’ 

'. An XOR gate is obtained by using OR, AND and NOT gates as shown in Fig. 
2.46 (a), It is also called exclusive OR gate and its logic symbol is as shown in Fig. 
2.46 (b). 


*The repeated use of the NOR gate can also produce all the three basic gates and therefore 


the NOR gate is also the building block of digitial circuits. 


Self-test Question: 4 


Explain, how the repeated use of NOR 


gate can produce all the three basic gates. 


Fig. 2.46. (a) Fig. 2.46. (b) 


Fig. 2.46. (c) 


Its truth table is given in Fig. 2.46 (c). It follows that output in case of XOR gate 


is 1, only when inputs are different. 


Type A. On Junction diode and Zener diode 
Problem 2.01. Fig. 2.47 shows a junction diode 
connected to an external resistance of 100 92 and a source 
of e.m.f. of 3-0 V. Assuming that the barrier potential 
developed in the junction diode is 0-7 V, obtain the current 


in the circuit. 
R=100 Q 


Secor. | 
Fig. 2.47. 
Sol. Here, e.m.f of source, E = 3-0 V 
Barrier potential developed in the diode, V, = 0-7 V 
Therefore, potential drop across external resistance, 
V=E-V,=3-0-0:7=23V 
Hence, current in the circuit, 


2 22:3 _9.3x107A 8 23mA 
R100 
Problem 2.02. A diode used in the circuit shown in 
Fig. 2.48 has a constant voltage drop of 0-5 V at all currents 
and a maximum power rating of 100 mW. What should be 
the value of the resistance R connected in series with diode 
for obtaining maximum current ? (CBS; E2997) 


sans 
Fig. 2.48. 
Sol. Here, e.m.f. of source, E = 1-5: V « 
Voltage drop across diode, V, = 0-1 V 
Maximum power rating of diode, P = 100 mW = 0-1 W 
Therefore, maximum current through the diode, 


Potential drop across resistance R, 
V=E-V,=15-05=1-0V 


[OVE HULL Ey} 


Problem 2.03. In the circuit shown in Fig. 2.49, a Zener 
diode of voltage Vz (= 6 V) is used to maintain a constant 
voltage across a load resistance R, (= 1000 Q)by using a 
series resistance R (= 100 2). If the e.m.f. of source (E) is 9 
V, calculate the value of current through series resistance, 
Zener diode and load resistance. What is the power being 
dissipated in Zener diode ? 


Fig. 2.49. 

Sol. Here, E=9 V;V7=6V;R, = 1000 Q and R= 1002 

Potential drop across series resistor, 
V=E-Vz7=9-6=3V 

Therefore, current through series resistance R, 


= s = vac =0-:03A 
R_ 100 
Current through load resistance R,, 
L= AS Sel RP) 
R;, 1000 


Therefore, current through Zener diode, 
I, =I-I,, = 0-03 — 0-006 = 0-024 A 
Power dissipated in Zener diode, 
P, = Vz1, =6 x 0-024 = 0-144 W 

Problem 2.04. A junction diode of negligible forward 
resistance is used as a half-wave rectifier. A sinusoidal 
voltage supply having peak value 50 V is fed to the junction 
diode and output is obtained across the load resistance R,. 
Calculate (a) the r.m.s. voltage across R,; and (b) reading of 
a d.c. voltmeter connected across R,. 

Sol. Here, E) = 50 V 


By Oy 


r.m.s. at 
(a) A half-wave rectifier gives output corresponding to 
alternate half cycles of the a.c. input. Since junction diode is 
of negligible forward resistance, the rm. s. value of voltage 


across R, during half cycle of conduction is 50/2 BY. 


°® ‘Therefore, r.m.s. value of voltage fora complete cycle 
: (including the non-conducting half cycle) is) ©. <: Ace 
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=250V" 

(b) The d.c. voltmeter connected across R; would read 
the average value of voltage across R; during a complete cycle. 
Therefore reading of.d.c. voltmeter connected across R,, 

2Ey/a+0_ Ey _ 50 = 15:92 V 
wo Vat 


Type B. OnTransistor as an Amplifier 


Problem 2.05. For a transistor working as common base 
amplifier, current gain is 0-96. If the emitter current is 7-2 
mA, calculate the base current. 

Sol. Here, a = 0-96 ; 1, = 7:2 mA 


a= or I, = aI, = 0-96 x 7-2 = 6:91 mA 


deus 2 


Now, 


q 
Also, I,=1, +1, or I,=1,-l= 7-2 —6:91 =0-29 mA 
Problem 2.06. For a common emitter amplifier, 
current gain is 70. If the emitter current is 8-8 mA, calculate 
the collector and base current. Also calculate current gain, 
when transistor is working as common base amplifier. 
Sol. Here, B= 70;1,=8-8 mA 


Now, B= dé 
I, 
or I,= BI, =701, 
Also, I,=I,+], 
or 8-8 = 701, +1, 
or I, = ——- 0-124 mA 
71 
Again I,=701,= 70 x 0:124 = 8-68 mA 
We know, B= a te 
1-a 
a 70 
70= or @=— = 0-986 
‘ 1-a 71 


Problem 2.07. The base current of a transistor is 105 vA 
and collector current is 2:05 mA . 
(a) Determine the value of B, I, and a. 
(b) A change of 27 #A in-the base current produces a 
change of 0-65 mA in the collector current. Find B,.. 
Sol. Here, 1), = 105 wA'= 105 x 10° A; 
I. = 2.05 mA = 2:05 x 107 A; 


hE sige he AR aA ae 
oe (g) Now, p= =4-———— 7 = 195 
Lop ties hes fed eM. 05.9410 - 
Also, 2» Tj=Ty+1p2:105 x 10-6 + 2-05 x 10°F 
= 2-155 x 107A 
I, 2-05x 109 
Further @=—= $33 =9:95: 
I, 2-05 x 10°~ 
_ olp, Ab), Here, Al, =.27 pAs 27, Le Ac enceisel 
ils ceatuans esto odes = 00650 mA = 650 %-107° Aes 
FROWIG SOLO 1S. Ges WT o-6B0SCHO TE? eres ricer ists 
Now, _.B c pee = 2A r 


Fo andin abr f008 32 2 a2 Ql 6 
.. 2Problem.2.08. In a'silicon transistor, a change of 7-89 
mA in the emitter current produces a change of:7-8. mA in 


necessary to produce an equiv lent change in the collector 
current ? 


& 


ha rd a ng e b 


Sol. Here, AI, = 7-89 mA = 7:89 x 10° A; 
AI, =7:8mA=7:8 x 103A; 
Gal, 178x107 


Ogo = —— = ——_ —~ = 00-9886 
Now, ac A i 7.89 1073 
We havre,|8,<—— saat 2280 _ 96.79 
1-Q ge 1-0-9886 
Al 
Also, Bass Al, 
Al 
or alg B £ 
ac 
Here, AI, =7-8x 10°A; B,, = 86:72 
7-8x10° 
A 7 eke 99.98 10 A 
86-72 


Problem 2.09. In a silicon transistor, the base current 
is changed by 20 pA . This results in a change of 0-02 V in 
base to emitter voltage and a change of 2 mA in the collector 
current. 

(a) Find the input resistance, B, ; and transconductance 
of the transistor. 

(b) This transistor is used as an amplifier with the load 
resistance 5 kQ. What is the voltage gain of the amplifier ? 


(C.B.S.E. 2001) 


Sol. For AI, = 20 wA = 20 x 10°A; 
A Vip = 0:02 Vand AI,=2mA=2x10°A 
(a) Input resistance 


ZR G > = 0-02 
AT (2x10 
givers int A JL 400 
Al, 20x107 
SEAL P25 1073 V 
ST A Musane @OD ee 


(b) Ry =5k Q=5000 2 
Now, voltage gain 
BA Vin ce RT, Males 5000 x 2x10 _ a 
A Voe A Vp 0-02 
Problem 2.10. The input resistance of a silicor 
transistor is 665 Q.. Its base current is changed by 15 pA 
which results in the change in collector current by 2 mA 
This transistor is used as a common emitter amplifier with 
a load resistance of 5 kQ.. Calculate (i) current gain “8, . 
(ii) transconductance “g,,’ and (iii) voltage gain “A,” of th 
amplifier. (C.B.S.E. 2001 S ; C.B.S.E. Sample Paper 
Sol. Here, AI, = 15 wA=15 x 10° A; 
AI, =2mA =2 x IO A;: 
R,,, = 665 Q; RL =5kQ =5 x 10° Q 


Adis. 2 BAO? 
CNG es ee 
Wipeet15 x10F 
(ii) Transconductance, gy, = Bac = dt =0:2Q71 
R 665 


in 


(iii) Voltage gain, A, = g,, Ry, = 0:2 x 5 x 10° = 1000 


Problem 2 In the circuit sh g. 2.50, the 
value of Bis 100. Find IV co Vpe and Vier when I, =1-5 mA. 
Is the transistor in active, cut off ora patiaeation’ state ? 


R,,=220 kQ 


Fig. 2.50. 
Sol. Here, B= V0 = 24V;1,=15mA=1-5x 103A; 
Now, B= - 
1p ga aes erie 
(@) ee Sf | perme ems pu) hs ep 
: Be fines 0100 
Let V,, V,. and V,, be the respective potential drops 


across collector-emitter ; base-emitter and base-collector 
junctions. Applying Kirchhoff’s second law* to the closed part 
of the circuit containing R. and collector-emitter junction, we 
have 
Vee = Vec— 1, R, 
= 24 -4-7 x 108 x 1-5 x 10% 
= 24 —7-05 = 16:95 V 
Applying Kirchhoff’s second law to the closed part of 
the circuit containing R, and emitter-base junction, we have 
Voc F Vie Ai I, R, 
or = V,=V,.—1, R, = 24-1:5 x 10° x 220 x 103 
= 24 -3-3 = 20-7 V 
Applying Kirchhoff’s second law to the closed part of 
the circuit containing R, , R, and base-collector junction, we 
have 
Vie + I, R,-1, R, = 0 
or Vie = 1. R,-1, R, 
= 15x 10 x 4-7 x 10°-1-5 x 10 x 220 x 108 
= 7:05 - 3:3 = 3-75 V 
The transistor is in saturation state. 
Type C. On Binary algebra 
Problem. 2.12. Perform binary addition on the follo- 
wing sets of numbers : . 
(a) 110010 and 111101 (b) 101010 and 010101 
(Text Problem) 
Sol. (a) To find the sum of the given binary numbers 
110010 and 111101, we first find their values in decimal 
number system. 
(110010), =1 x 25+1x 2440x2340 x 224+1x2!+0x 20 
=32+16+0+0+2+0=50 | Se 
and (111101), =1 x 29+1x24+1x294+1x22+0x2!4+1x20 
=32+16+8+4+041=6Y 
Therefore, sum of the given two numbers in decimal 
system is 50+ 611¢.111. .. |, : 


Ley fio idieeet 


*One may use the equation (2.09) 


The binary representa 12 
system can be found by double dabble method as below : 


Writing the remainders in inverse order, it follows that 
(111),) = 110111 i.e. addition of binary numbers 110010 and 
111101 is equal to 1101111. 

(b) (101010), = 1 x 2°+0x 2*+1x29+0x2?+1 

ae 
=32+0+8+0+2=42 

(010101), =0 x 25+ 1x 24+0x234+1x22+0x2!1+0x 29 

=0+16+0+4+0+1=21 

The sum of the given two numbers in decimal number 
system is 42 + 21 i.e. 63. By proceeding as above, it can be 
shown that binary representation of 63 i.e. (63),9 = 111111. 
Therefore, addition of binary numbers 101010 and 010101 is 
equal to 111111. 

Type D. On Logic gates 

Problem 2.13. Express by a truth table, the output y for 
all possible inputs A and B for the combination of gates 
shown in Fig. 2.51. Hence, show that it behaves as a NAND 


gate. i V4 
mu 
Ya 
Big e215 15 


Sol. Here, outputs y, and y, of two NOT gates form the 
two inputs of the OR gate. Let us consider in turn the 
possibilities for A, B of 0, 0 then 0, 1, then 1, 0 and finally 1, 
1. Because of the NOT gates, the column y, contains ones, 
wherever A = 0 and zeroes, where A = 1. Similarly, y, is 
opposite to B. The output y of OR gate is 1, if y, or y, is 1 or 
both are 1. Hence, the truth table for the given combination 
of gates is as shown in Fig. 2.52. 


Te “Fig, 2 2.53; TL LP A 

From the compient table showing, the relationship 
between output y and the inputs A and B, it follows that it is 
the truth table for a single NAND gate [refer to Fig. 2.40 (b)]. 
Hence, the combination.of gates shown in Fig. 2.51 behaves 
as NAND gate. DExe 

Problem 2.14, Produce the truth table for the 
combination,of gates shown in Fig. baat and hence:show 
that it behaves as XOR gate. 


ey 
es + LAL 


Fig. 2.53. 

Sol. Here, the outputs y, and y, of AND and NOR gates 
respectively form the two inputs of another NOR gate. 
Because of NAND gate, the column y, contains 1, when both 
Aand Bare 1 and the column y, contains 1, when bothA and 
B are zero. Hence, the truth table for the given combination 
of gates is as shown in Fig. 2.54. 
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Problem 2.15. Assume that the silicon diode in the 
circuit shown in Fig. 2.55 requires a minimum current 
O07V 


> 


R 


min 


| 
Ve 
Fig. 2.55. 
of 1 mA to be above the knee point 0-7 V) of its I-V 
characteristics. Also assume that the voltage across the 
diode is independent of current above the knee point. 

(a) If Vg=5V, what should be the maximum value of 
R so that the voltage is above the knee point ? 

(b) If Vz = 5 V, what should be the value of R to 
establish the current of 5 mA in the circuit ? 

(c) What is the power dissipated in the resistance R and 
in the diode, when a current of 5 mA flows in the circuit at 
Vp=6V? 

(d) If R=1 kQ, what is the minimum voltage Vz requi- 
red to keep the diode above the knee point ? 

Sol. When current of 1 mA (minimum value) flows 
through the circuit, the potential drop across the diode 
becomes 0-7 V for a forward bias of 5 V. 

Thus, Vg =5 Vj Lpin = 1 mA 107A; 

(a) Applying Kirchhoff’s second law, we have 

Lain X R+0-7=5 


_ or 103 x R=5-0-7=43 
or R=43 x 10°Q 
“(b) Now, T=5mA=5% 10° A 
Again, according to Kirchhoff’s second law, we have 
‘ar Ix R+0-7=5 iets i 
“or 8 x 108 R=5507=43' ; Aor. 
siglo gyi ir wR ARS peg ITO oft ovat 
5x10 otee CWMAV 26 
of} (o}Nows! SiotV es 6 Vpi=smAES x04 A; 


roul'Applying Kitchhoff’s second law, we have "500" 
Tock 0:7.=6 gigg ALLA eR eoVbOSG Tea 
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Fig. 2.54. 

From the completed table showing the relationship 
between output y and the inputs AandB, it follows that it is 
the truth table for a single XOR gate [refer to Fig. 2.46 (c)]. 
Hence, the combination of gates shown in Fig. 2.53 behaves 
as XOR gate. 


~~ DDBOYRLENAS 
Students 


rious 


io 


cu 


6-0-7), 5:3 
I, 5x10? 
Power dissipated across R = I? R = (5 x 10-3) x 1060 
= 265 x 10° W 
Power dissipated across diode = VI = 0-7 x 5 x 10-3 
= 3-5 x 103 W 
(d) Now, R=1kQ= 1000 Q ;1=1mA=10%A; 
PD. across diode = 0:7 V 
Vz =I R+0-7 = 10% x 1000+0-7=17V 
Problem 2.16. In a p-n-junction, the current I can be 
expressed as 
ev 
t=ijle*™ =1) 


or R= = 1060 Q 


where I, is called the reverse saturation current, V the 
voltage across the diode and is positive for forward bias and 
negative for reverse bias and I is the current through the 
diode, k is the Boltzmann’s constant (8-6 x 10-° eV K-) and 
T is the absolute temperature. If for a diode, I, = 5 x 10 124 
and T = 300 K, then 
(a) what will be the forward current ata forward 
voltage of 0-6 V ? 
(b) what will be the increase in the current, if the 
voltage across the diode is increased to 0-7 V? 
(c) what is the dynamic resistance ? 
(d) what will be the current, if the reverse bias voltage 
changes from 1 V to2 V? 
. Sol. Here, I, =x 510712 A; k = 8-6 x 10° eV KI 
73 = $6 x 10% x 1-6 x 10-9 JK; 
(a) Now, iti # ek? 4 


For V.=0-6 volt, we have 


16x 1071? x06 
5 —19 
1=5x107!2 2 86x10 x 1-610 x 300 Syl 


eh 


=5 x 10-12 [1-256 x 1010 +1] 
(b) For V = 0:7 volt, we have 


16x107!? x07 


= 0-0628 A 


ao =19 
1=5x107!2 2% 6x10 x16x10 °* x 300 at 


kal 10712 ree a 1 


=5x 107? [6-054 x 1011 -1] = 
A1l=3:-271- 0-0628 = 2:9643 A 
() Now, Al=2-9643 A; AV =0-7-0-6 = 0:1 V 
Therefore, dynamic resistance 
aANeg, aded 
AL 2.9643 
(d) For change in voltage from 1 to 2 V, the current will 
remain equal to I, = 5 x 107!? A. It shows that the diode 
possesses practically infinite resistance in reverse biasing. 
Problem 2.17. A transistor is used in common-emitter 
mode in an amplifier circuit. When a signal of 24 mV 
is added to the base-emitter voltage, the base current 
changes by 32 A and collector current by 3-6 mA. The load 
resistance is 4-8 kQ. Calculate (i) the current gain £, (ii) the 
input resistance R,,, (iii) the transconductance g,,, and 
(iv) voltage gain A... 
Sol. Here, when A Vie = 23 mV, AT, = 32 vA 


= 3-0271 A 


= 0:0337 Q 


and A F =3-6mA 
oie Al, 3:6x107° Pat 
i) Now, B= = ca = 112 
Al, ‘a25ci0F® 
(ii) The input resistance R,, is given by 
AV; 24x107° 
Rie = = = =750Q 
32 x 10 


patie < 


Q. 2.01. What is depletion region in a p-n-junction ? 
(DS S.GF. 1997.56 BiS Fish 992) 

Ans. A thin layer betweenp andn sections of the junction 
diode devoid of free electrons and holes is called depletion 
layer. 

Q. 2.02. Can we measure the potential barrier of a 
p-n junction by putting a sensitive voltmeter across its 
terminals ? 

Ans. In the depletion layer, there are no free electrons 
or holes and in the absence of forward bias, it offers infinite 
resistance. Therefore, potential barrier in the p-n junction can 
not be measured with a voltmeter. 

Q. 2.03. Which type of biasing gives a semiconductor 
diode very high resistance ? (C.B.S.E, 1996) 

Ans. Reverse biasing. 

Q. 2.04. Fill in the blanks : if 

(i) When a p-n junction is forward pinsed, then the 


motion of charge carriers across the barrier is due to .....!.... ’ 


(iv) Voltage gain, 


eres Atos 4-8x10°x 3-6x107° 
Toons A Vige 24x 1079 

Si Problem 2.18. The Boolean expression Me a logic circuit 

is given by 

y=A.B+A.B 

(a) Find the output y, if the inputs are A=0,B=0;A 
=1;B=0;A=0,B=1and A =1,B=1. 

(b) Identify, which basic gate is represented by the 
given Boolean expression. 


Sol. (a) y=A.B+A.B 


= 720 


For A= 0) Be Os 
y=0.0+0.0=0.14+1.0=0+0 =0 
For A= 1 b=; 
y=1.0+0.0=1.14+0.0=1+0 =1 
For A=0,B=1: 
y=0.1+0.1=0.0+1.1=0+12=1 
For A= PR: 
y=1.14+1.1=1.04+0.1=0+0 =0 


(b) The truth table of the logic circuit represented by the 
given Boolean expression is 


With nrdceraies 


(drift, diffusion) and when it.is reverse biased, then the 


motion of charge carriers is due to .......... (drift, diffusion) 
(ii) An ideal p-n junction diode conducts, when........... 
biased and does not conduct, when.......... biased. (forward, 


reverse ; forward, reverse) (Text Question) 
Ans. (i) diffusion, drift (ii) forward, reverse. 
Q. 2.05. In the Fig. 2.56, is the diode D forward or 
reverse biased ? ' (C.B.S.E.°1997) 


-10V : 
R v4 
, Fig. 2.56-35 grit aps Pech 2! i 
Ans. Since 1 n-section is connected to earth and p- rection 
is at — 10,V, the diode is reverse biased...-;«' 
0 For'details, refer to conceptual SAQ) 2.02 Ae 2. 03:- 
Q. 2.06. Draw a p-n junction with reverse bias. _., ‘a ree 
os * srpetase 996) 
Ans. Refer to Fig. 2.05(@). 


symbolically ? Ug aie Kes aay 

Ans. Refer to Fig. 2.17. 

Q. 2.08. Can two p-n junction diodes back to back work 
as a p-n-p transistor ? 

Ans. No. It is because, the n-section acting as base will 
become very thick. In a transistor, base is always made thin. 

Q. 2.09. Fill in the blanks : 

(i) The base of a transistor is always .......... CV: Ys ak ee 
doped, compared to the emitter and collector. (thinner, 
thicker ; lightly, heavily) 

(ii) For using a transistor as an amplifier, the base- 


ry... REIN VS, rs 
5 1. 


emitter junction is .......... biased and the base collector 
junction is .......... biased. (forward, reverse ; forward, 
reverse) (Text Question) 


Ans. (i) thinner, lightly (ii) forward, reverse. 
Q. 2.10. In the Fig. 2.57, is (i) the emitter and (ii) the 
collector forward or reverse biased ? (C.B.S.E. 2001 S) 


+1V 
Cc 
OV = 
E 
-2V 
Fig. 2.57 


Ans. Of the p-n-p transistor shown in Fig. 2.57, 

(i) emitter is reverse biased and 

(ii) collector is forward biased. 

Q. 2.11. What is the relation between emitter current 
(I,), base current (I,) and collector current (I,) at any instant 
in a properly biased common emitter transistor circuit ? 
Which one of the three has the smallest magnitude ? 

(I.S.C.E. 1998) 

Ans. The relation between I,, I, andI,:I,=1,+ Is 

Of the three, I, has the smallest magnitude. 

Q. 2.12. Define current amplification factor ina 
common emitter mode of transistor. (H.S.S.C.E. 1994) 

Ans. It is defined as the ratio of change in collector 
current to the change in base current at constant collector 
voltage. It is denoted by f. 


Al 
Mathematically, B= . 
Al, 4 
Q. 2.13. Write the relation between current gains @ 
and B. 
Ans. B= Desai 
1L-Aa@ 
Q. 2.14. Calculate the current gain f of a transistor, if 
the current gain @ = 0-98. (L.S.C.E. 1995) 
Ans. Here, a = 0-98 
a 0-98 
RM BF aig OAS (98 
Q. 2.15. Define the transconductance of a transistor. 
(C.B.S.E. 1996) 
Ans. It is defined’as the ratio of change in collector 
current to the change in base-emitter voltage. It is denoted 


DY 8m : G 9e12 ¥¢ 


= 49 


Al 


tha ; ~~ (04 
Mathematically, 8m ~ Ay. Vip 


or represented 
99 ; C.B.S.E. 1991) 


& What kinde af biasina= 
. WYO ee 


collector and base of a transistor in a common emitter 
amplifier ? (I.S.C.E. 1998) 

Ans. A collector is reverse biased, while a base is 
forward biased. 

Q. 2.17. Would.you prefer to use a transistor as a 
common base or a common emitter amplifier ? 

Ans. A transistor as a common emitter amplifier is 
preferred for the reason that current gain in this case is more 
as compared to that in case of a common base amplifier. 

Q. 2.18. Portable radio receiver sets are generally not 
made with electron tube circuits. Why ? 

Ans. A portable radio receiver should be small in size 
and should work on d.c. A receiver set made of electron tube 
is bound to be large in size and works on a.c. Hence, radio 
receirs made with electron tube circuits are not portable. 

Q. 2.19. What is a digital signal ? 

Ans. The voltage signal that does not vary continuously 
but has only two levels of voltage. 

Q. 2.20. A square wave (- 1 V to +1 V) is applied to 
p-n junction diode as shown below [Fig. 2.58]. Draw the 
output wave form. (I.S.C.E. 1994) 


wee 


Fig. 2.58 
Ans. When input is — 1 V, the diode gets reverse biased 
and no output is obtained. On the other hand, when input is 
+1 V, the diode gets forward biased and output obtained is 
+1 V. Therefore, corresponding to given input cycle, the 
output is of the shape as shown in Fig. veda 


Fig. 2.59 

Q. 2.21. Convert number 39 into binary system. 
(H.S.S.C.E. 1997) 

Ans. 

The remainders in reverse order are 1, 

0,0, 1,1 and 1. 

Hence, binary representation of 

decimal number 39 is 100111. 


Q. 2.22. What is a logic gate ? 

(PS.S.C_E. 1999, 1998 S ; H.S.S.C.E. 1997 S, 1993) 

Ans. A digital circuit which works according to some 
logical relationship between input and output voltages. 

»Q.'2.23. What do you understand by truth table of a 
logic gate ? 

Ans. The truth table of a logic gate shows all possible 
inputs combination and the corresponding output 
combinations-for ‘a logic gate. It is also called table of 
combination. 


Q. 2.24. What is oolean expressio ’ 
Ans. The logical statement having oily two vanes 
(either yes or no) is called Boolean expression. The 
functioning of a logic gate is based on its Boolean expression. 
Q. 2.25. Name the logic gate realised using p-n junction 
diodes as shown in Fig. 2.60. Give its logic symbol. 
(C.B.S.E. 2001) 


all 


Fig. 2.60 

Ans. It is OR gate. 

For logic symbol of OR gate, refer to Fig. 2.33 (a). 

Q. 2.26. Draw the logic symbol of OR gate. 

(H.PS.S:C.E: 2002 H:S:S:C:E.91995) 

Ans. Refer to Fig. 2.33 (a). 

Q. 2.27. Write the truth table for an OR gate. 

(H.S.S.C.E. 2002 ;'C.B.S.E. 1995) 
Ans. Refer to table in Fig. 2.33 (c). 
Q. 2.28. Draw the logic symbol of AND gate. 
(H.PS.5.Cek, 2002: ets Ged goo 
C.B.S.E. 1994, 1990) 
Ans. Refer to Fig. 2.35 (a). 
Q. 2.29. Write the truth table for an AND gate. 
GS5,.€.E, 2002 7 C:BS.E. 1995) 
Ans. Refer to table in Fig. 2.35 (c). 
Q. 2.30. Draw the logic symbol of NOT gate. 
(H.P.S.S.C.E. 2002) 
Ans. Refer to Fig. 2.37 (a). 
Q. 2.31. Write down the truth table for a NOT gate. 
(H.S.S.C.E. 2002) 

Ans. Refer to table in Fig. 2.37 (c). 

Q. 2.32. In the circuits shown, a switch which is opened 
represents the logic state 0 and the switch which is closed 
represents the logic state 1. The lamp L is lit, when output 
is logic state 1. What types of gates are represented by the 


Q. 2.01. Discuss the formation of a p-n junction. 

Ans. Refer to section 2.01. 

Q. 2.02. How is the depletion region formed in a p-n 
junction diode ? (C.B.S.E. 2000, 1993) 

Ans. Refer to section 2.01. 

Q. 2.03. How is potential barrier formed in a p-n 
junction diode ? (H.S.S.C.E. 2002) 

Ans. Refer to section 2.01. 


Q. 2.04. How does the width of the depletion region. 


of a p-n junction vary, if the reverse bias applied to it 
increases ? XC. Drovks. er) 
Or . 


(C.B.S.E. 1995) 


A J 4 B A 
B 
L ky 
Fig. 2.61. (a) Fig. 2.61. (b) 


Ans. (i) AND gate (ii) OR gate. 
Q. 2.33. Draw the logic symbol for a NAND gate. 
(C.B.S. BL 993). 

Ans. Refer to Fig. 2.39 (b). 

Q. 2.34. Write truth table of NAND gate. 

(H.S.8.C.E. 2002); H-P.S:S:GsE1996);:G.B:S. Eo 1991) 

Ans. Refer to table in Fig. 2.40 (b). 

Q. 2.35. Write down the truth table for a NOR gate. 

(H.S.S.C.E. 2002) 

Ans. Refer to table in Fig. 2.42 (0). 

Q. 2.36. Fill in the blanks : 

(i) In a digital circuit, diodes and transistors are 
operated by a5 V supply. The 1 state will correspond to 
shenen (0 V, 5 V) and the 0 state to.......... (0 V,5 V); 

(ii) Digital circuits can be made by repetitive use of 
scone gates. (AND, NAND) 

(iii) An output 1 is obtained in a AND gate, when........... 
of the input terminals are at 1 state. (either, both) 

(iv) An output 1 is obtained in a NOR gate, when........... 
input terminals are at 0 state. (either, both) 

(v) If one terminal is an XOR gate is kept at 1; the 
output will be 0, when the other terminal is at .......... (1, 0). 

(Text Question) 

Ans. (i) 5 V,0 V (ii) NAND (iii) both (év) both (v) 1. 

Q. 2.37. NAND or NOR gate may be called as digital 
building blocks. Why ? 

Ans. The repeated use of NAND or NOR gates can 
produce all the three basic gatesi.e. OR, AND and NOT gates. 
For this reason, these are called digital building blocks. 


With peatagret petites 


difference (fictitious battery) is set up across the depletion 
layer. When the junction diode is reverse biased, the polarity 
of the applied d c. source aids the fictitious battery. Due to 
this, potential drop across the junction increases and diffusion 
of holes and electrons across the junction decreases. It makes 
the width of the depletion layer larger. 
Q. 2.05. In the following diagrams, indicate which of 
the diodes are forward biased and which are reverse biased. 
(CBSE. 1996 5) 


4+7V +2V 


Why does the thickness of the depletion layer in “ ea 


p-n diode vary with increase in reverse bias’? 0°" 0°) © 
(CBIR ES1999) 
Ans. When a p-n junction is formed, a small potential 


+5 V 


Fig. 2.62 (a) Fig. 2.62 (b) 


—5V 


Fig. 2.62 (c) Fig. 2.62 (d) 

Ans. Fig. 2.62 (a) : Forward biased. 

Fig. 2.62 (b) : Reverse biased. 

Fig. 2.62 (c) : Forward biased. 

Fig. 2.62 (d) : Reverse biased. 

For details, refer to conceptual SAQ 2.02 or 2.03. 

Q. 2.06. Fig. 2.63 shows two p-n junctions diodes along- 
ha resistance R and a d.c. battery E. Indicate the path 
1 direction of flow of appreciable current in the circuit. 

CS GE 1993) 


ail 


Fig. 2.63 
Ans. In the circuit containing two junction diodes D, and 
, the diode D,is forward biased and D, is reverse biased. 
erefore, the path of appreciable current will be from 
sitive pole of the battery to its negative pole through 
istance R and junction diode D). 

Q. 2.07. Draw the graph showing the variation of 

rrent with voltage for a p-n junction diode. 
ay 3d UR EY) 

Ans. Refer to Fig. 2.04 (0). 

Q. 2.08. Which type of biasing results in very high 
sistance of a p-n-junction diode ? Draw a diagram 
owing this bias. (C.B.S.E. Sample Q. Paper) 

Ans: The reverse biasing results in very high resistance 
a p-n junction diode. 

For diagram showing reverse bias, refer Fig 2.05 (a). 

Q. 2.09. Draw the V-I characteristics of a p-n junction 
ode. Show the Zener voltage on the characteristics curve. 

(I.S.C:E! 1994) 

Ans: For V-I characteristics of p-n junction diode, 
fer to Figs 2.04'(b) and 2.05 (b). Zener voltage corres- 
nds ‘to the straight portion of the graph [Fig. 2.05 (b)], 
owing the sudden rise in current corresponding to 
verse bias of — 10 V. 

Q. 2.10. A diode is connected to 220 V (r.m.s.) a.c. in 
ries with.a capacitor as shown in Fig. 2.64. What is the 
yltage V across the capacitor ? (I.S.C.E. 1996) 


220Va.cy Ff 


Fig. 2.64 


cycles of a.c. input supply. D 


ing a half cycle of conduction, 
the capacitor will charge itself to peak value of supply voltage. 
Therefore, voltage across the capacitor, 
V =E,=Eyms % V2 =220x V2 =3111V 
Q. 2.11. Draw the circuit diagram of a half wave 
rectifier using a junction diode. (8,5.S:C, 5. 2002; 
1.S.C.E. 1995 ; Pre-degree Kerala, 1994) 
Ans. Refer to Fig. 2.07. 
Q. 2.12, Draw a labelled circuit diagram of full wave 
rectifier using p-n junction diodes. (C.B.S.E. 1995) 
Ans. Refer to Fig 2.09. 
Q. 2.13. Draw a labelled circuit diagram showing use 
of p-n junctions as full wave rectifier. 
(H.S.S.C.E. 2001, 1998, 1997) 


S. -O 


Ans. Refer to Fig. 2.09. 
Q. 2.14. State the funciton of a Zener diode ina circuit. 
SCE ty93) 

Ans. Refer to section 2.07. 

Q. 2.15. What is a light emitting diode (LED) ? Draw a 
circuit diagram and explain its action. (C.B.S.E. 1996 S) 

Ans. Refer to section 2.07 and Fig. 2.14. 

Q. 2.16. Represent symbolically Zener diode, 
photodiode, n-p-n and p-n-p transistors. (P.S.S.C.E. 1993) 

Ans. Refer to Figs. 2.11, 2.13 (a), 2.17 and 2.18. 

Q. 2.17. Why is the base region of transistor usually 
made thin ? (C'B,0.6.. 2002) 

Or 
In a transistor, base is made very thin. Explain. 
(H.PS.S.C.E..1995) 
Or 

Write the function of base region of a transistor. Why 
is this region made thin and slightly doped ? 

(C.B.S.E. 1998 S) 

Ans. Due to the fact that base is doped lightly, the 
number density of majority carriers (electrons in p-n-p and 
holes in n-p-n transistors) is low. When emitter is forward 
biased, electron-hole combination takes place in base region. 
Since it is thin and lightly doped, only a small amount (about 
5%) of electron-hole recombination will take place. 

Q. 2.18. How does the collector current change in a 
junction transistor, if the base region has larger width ? 

(C.B.S.E. 2000, 1999) 

Ans. The collector current will become smaller. 

Also refer to SAQ 2.17. 

Q. 2.19. Explain the conditions that must prevail in the 
base fora large current to flow in the collector circuit in spite 
of reverse bias. 

Ans. Base should be made thin and it should be lightly 
doped. For details, refer to SAQ 2.17. 

Q. 2.20. In a transistor, forward bias is always sinall as 
compared to the reverse bias. Explain the reason. 

Ans. In a transistor, emitter is forward biased and 
collector is reverse biased. In case,forward bias is made large, 
majority. carriers in the emitter drift towards the collector 
through the base region, with large velocity. Since, their 
number is also very large, heat produced is so large that it 
breaks up the covalent bonds.and the transistor gets spoiled. 


* However, if the rever 


comparatively larger, no such effect is produced a as the charge 
carriers drift only in collector region. 

Q. 2.21. How will you test in a simple way whether the 
transistor is spoiled or in working order ?(P.S.S.C,E. 2002) 

Ans. The two parts (part between the emitter and base 
and the part between base and collector) of a transistor in 
working order possesses low resistance in one direction and 
high resistance in the opposite direction. In a spoiled 
transistor, the resistance is low in both the directions. It can 
be checked with the help of a AVO-meter or by taking a 
battery cell and a milliammeter. 

Q. 2.22. What is a p-n-p transistor ? How does it differ 
from a n-p-n transistor ? (H.S.S.C.E. 2002) 

Ans. In ap-n-p transistor, a thin p-section is sandwitched 
between two n-sections. The holes are charge carriers in a 
p-n-p transistor. 

In a n-p-n transistor, a thin p-section is sandwitched 
between twon-sections. Ina n-p-n transistor, electrons are the 
charge carriers. 

Q. 2.23. Give the working of a p-n-p transistor. 

(H.S.S.C.E. 1995) 

Ans. Refer to section 2.10. 

Q. 2.24. Why a transistor cannot be used as a rectifier ? 

(RS.S.C Es L997 

Ans. To use a transistor as a rectifier, either its emitter- 
base portion or the collector-base portion has to be used. Since 
base is thin and lightly doped, either of the two portions will 
not work as a p-n junction diode. Hence, a transistor cannot 
be used as a rectifier. 

Q. 2.25. In a transistor, emitter is always forward- 
biased, while the collector is reverse biased. Explain the 
answer. 

Ans. Ina transistor, the function of emitter and collector 
is same as that of cathode and plate respectively in a triode 
valve. The emitter will send charge carriers (electrons or 
holes) towards the base only, when it is forward-biased. On 
the other hand, the collector will collect them, when it is 
reverse-biased. 

Q. 2.26. Draw a circuit diagram of a p-n-p transistor as 
an amplifier in a common emitter configuration. 

(C.BIS:EF 1998'S) 

Ans. Refer to Fig. 2.28. 

Q. 2.27. Draw the circuit diagram of ann-p-n transistor 
as an amplifier in common emitter configuration. 

(C.B.S.E. 1998 S) 

Ans. Refer to Fig. 2.27. 

Q. 2.28. Why the output voltage is out of phase with the 
input voltage in acommon emitter transistor amplifier ? 

s (E.BISEM1999) 

Ans. Refer to section 2.14. 

Q. 2.29. Draw the circuit oF a Ete as an amplifier. 


S@SS.CE. 1994) 


1 eshGy 


Ans. Refer to Fig. 2.27. 


Q. 2.30. Draw the circuit diagram of an n-p-n transistor’ 


amplifier and show various a Tag sh! drops. 
) ) (HUS.S/C.E. 1994) 
Ans. Refer to Fig. 2.27. Fit 0.1 
Q. 2.31. Define current gains, a and £ of a transistor. 
a ti ame erm ait gy al mci, 5 


oris —— Ans. @and 


write its truth, tables oo sigci 


base amplihier aad common emitter aInpRAeE respectivel 

To define a: It is defined as the ratio of change 
collector current to the change in emitter current at consta 
collector voltage. 

To define f: It is defined as the ratio of change 
collector current to the change in base current at consta 
emitter current. 

Q. 2.32. A transistor has a current gain of 30. If tl 
collector resistance is 6 kilo-ohm, input resistance is 1 kil 
ohm, calculate its voltage gain. (C.B:S.E. 2998" 

Ans. Here, input resistance, R;, = 1 kQ ; outp 
(collector) resistance, R,,,, = 6 kQ 

Therefore, resistance gain, Rout ° = 

in 
Now, voltage gain = current gain x resistance gain 
= 30 x 6 = 180 

Q. 2.33. Draw the circuit diagram of a transist 
oscillator. (P.S.S.C.E. 1999 S, 1992 ; Pre-degree Kerala, 199 

Ans. Refer to Fig. 2.28. 

Q. 2.34. What is the logic gate ? Mention the symb 
and truth table of AND logic gate. (P.S.S.C.E. 2000, 199 

Ans. A logic gate is a digital circuit, which wor 
according to some logical relationship between input a1 
output voltages. For symbol and truth table of AND gat 
refer to Figs. 2.35 (a) and 2.35 (c). 

Q. 2.35. What is.a ‘logic gate’ ? Mention the truth tab 
of AND gate. CS SC -E799 

Ans. Logic gate. Refer to SAQ 2.34. 

Truth table of AND gate. Refer to the table given in F: 
2.32 (c). 

Q. 2.36. Give the logic symbol and truth table of AN 
UP 949. C-be 1909 21 1.0.0, se oo 
Ans. Refer to Figs. 2.35 (a) and 2.35 (c). 
Q. 2.37. Give logic symbol, Boolean expression at 
truth table of AND gate. 
(PS.5.C.E: 200277 

Ans. Refer to section 2.23. 

Q. 2.38. Describe in brief an OR gate. (H.S.S.C.E. 199 

Ans. Refer to section 2.22. ; 

Q. 2.39. Give logic symbol, Boolean expression a1 
truth table of an OR gate. 

(P.S.5,GE;, 2002.21. 2 SSL Fad 99 

Ans. Refer to section 2.22. 

Q. 2.40. Draw circuit diagram of OR gate. 

ins (H.S.S.G.E51998iS;,199 
aA Niet Refer ti to, Fig 21348 KB, 4 

Q. 2.41. Give logic symbol, Boolean expression at 
truth table of a NOT gate ? (P.S.S.C.E. 200 

Ans. Refer to section 2.24. 

Q, 2.42. Name the logic gate shown in Fig. 2.65 a1 

a Sriteis he ere 
(; Ans; It is OR ae For its truth table, refer to ths tab 
given in Fig. 2.33 (c).) ges 


gate. 


FIP. S.S. CEL A9S 


Fig. 2.66 
Ans. It is AND gate. For its truth table, refer to table 
n in Fig. 2.32 (c). 
Q. 2.44. Write the truth table for the combination of 
s shown in Fig. 2.67. (H.S.S.C.E. 2000, C.B.S.E. 1997) 
Ans. The combination of the gates shown in Fig. 2.67 
esents NAND gate. Its truth tableis as givenin Fig. 2.40 (b). 


A 
B 


y 


Fig. 2.67 
Q. 2.45. Name the logic gate shown in Fig. 2.68 and 
te its truth table. (C.B.S.E. 1996) 


A 
y 
B 


Fig. 2.68 

Ans. It is NAND gate. For its truth table refer to table 
on in Fig. 2.40 (b). 

Q. 2.46. Draw a logic circuit diagram showing how a 
ND gate can converted into a NOT gate. 

(C.B.S.E. 1999) 

Ans. Refer to section 2.26. 

Q. 2.47. Using a logic circuit, explain briefly how a 
put NAND gate can be converted into a NOT gate. 

(C.B.S.E. 1998 S) 

Ans. When the two inputs of NAND gate are joined, so 
t it has one input, it works as a NOT gate. 

For details, refer to section 2.26 and Fig. 2.43 (a). 

Q. 2.48. The output of a two-input NAND gate is fed 
input to a NOT gate. Write down the truth table for the 
al output of the combination. (CBS.E; 1999) 

Ans. Let A and B be two inputs of NAND gate and y’ 
its output. When its output y is fed to the NOT gate, the 
al output will be as given in the adjoining truth table. 


Q. 2.49. The output of a 2-input NAND gate is fed toa 
IT gate. Write down the truth table for the output of the 
mbination for all possible inputs of A and B. 

(C.B.S.E. 2002) 
Or 

If the output of a2-input NAND gate is fed as the input 
a NOT gate, (i) name the new logic gate obtained and (ii) 
rite down its truth table. (C.B.S.E. 2001) 

Ans. (i) It functions as the AND gate. 

(ii) For truth table, refer to Fig: 2.35 (c). 

Q. 2.50. Write down the truth table of a logic circuit in 
hich an AND gate is followed by'a NOT gate. 


Sera 


AND gate. 

For its truth table, refer to the table given in Fig. 2.40 (0). 

Q. 2.51. Explain, how a NAND gate can be used to 
obtain OR gate. CP 535.C.E. 1999 S) 

Ans. Refer to section 2.26. 

Q. 2.52. Discuss how the NOT gate is realised from a 
NAND gate. 

Ans. Refer to section 2.26 and Fig. 2.43 (a). 

Q. 2.53. Discuss how the AND gate is realised from the 
NAND gate. 

Ans. Refer to section 2.26 and Fig. 2.44 (a). 

Q. 2.54. Give the logic symbol and truth table of NOR 
gate. (H.S.S.C.E. 2001) 
Ans. Refer to section 2.25. 

Q. 2.55. Write truth table and Boolean expression of 
NOR gate. (H.P.S.S.C.E. 2001) 

Ans. Refer to section 2.25. 

Q. 2.56. If the output of a 2-input NOR gate is fed as 
the input to a NOT gate, (i) name the new logic gate 
obtained and (ii) write down its truth table. 

(C.B.S.E. 2001) 

Ans. (i) If functions as the OR gate. 

(ii) For truth table, refer to Fig. 2.33 (c). 

Q. 2.57. Write down the truth table of a logic circuit in 
which an OR gate is followed by a NOT gate. 

Ans. An OR gate followed by a NOT gate results in 
NOR gate. 

For its truth table, refer to the table given in Fig. 2.42 (b). 

Q. 2.58. Write the truth table for the following 
combination of gates shown in Fig. 2.69. (C.B.S.E. 1998) 


A 
B 


Fig. 2.69 
Ans. In the combination of gates shown in Fig. 2.69, 
input (A) and output (say y’) of the AND gate form the two 
inputs of the OR gate. The following truth table gives the final 
out put (y) of the combination of two gates. 


Q. 2.59. Write the truth table for the combination of 
gates shown in Fig. 2.70. (C.B.S.E. 1998) 


A 
B 


Fig. 2.70 
Ans. In the combination of gates shown in Fig. 2.70, the 
input (A) and output (say y’) of the OR gate form the two 
inputs of the AND gate. The truth table gives the final output 
(y) of the combination of two gates. 


se ae 8 3 lar 
gate marked as Y is NOT gate. 


mere gic § , 
2.71. Write down the output at y, when A = 1, B= 1 and 


A= 0 and B =1. (C.B.S.E. 2001) Let y’ be output of NOR gate X. Then, output at y w 
be as given in Fig. 2.74. 
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Fig. 2.71 
Ans. The logic gate marked X is NAND gate, while the Fig. 2.74 
gate marked as Y is OR gate. QO. 2.62. Identify the logic gates marked X, Yin Fig. 25 
Corresponding to input B, lety’ be outputof NAND gate Write down the output at y, when A = 1, B=1 and A = 
X. Then, inputs of OR gate Y areAandy’. The outputatywill B=0. (C.B.S.E. 20( 
be as given in Fig. 2.72. 
FOE PRN chen y 
Dis Mectos oh 
Ode abd ok Fig. 2.75 
Fig. 2.72 Ans. The logic gate marked as X is NAND gate, wh 
Q. 2.61. Identify the logic gates marked X, Y in Fig. 2.73. the gate marked as Y is NOT gate. 
Write down the output at y, when A =1, B=1and A=0 and Let y’ be output of NAND gate X. Then, output aty w 
B=0. (C.B.S.E. 2001) be as given in Fig. 2.76. 
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Fig. 2.76 


For ambitious, brilliant & curious Students 


Q. 2.01. Ann-type semiconductor is the one which has Ans. The circuit shown in Fig. 2.77 (a) can be redrawn 
excess of free electrons and p-type semiconductoris shownin Fig. 2.78. 
deficient in these. When a p-n junction is formed, the 
electrons should flow fromz to p region. But all the electrons 
do not do so. Explain, Why. 

Ans. Though the semiconductors are called n-type or p- 
type, yet electrically they are neutral. When p-n junction is 
formed, electrons flow from n to p region. But as they do so, 
p-type becomes increasingly negative, while n-type becomes 
positive. This increasing potential difference across the p-n 
junction set up due to the electron flow attains a value, which Fig. 2.78 
then prevents the further flow of electrons. That is why all the As the p-section is connected to negative terminal of t 
electrons do not flow from n to p-type semiconductor. battery, the diode has been reverse biased. 

Q. 2.02. In the following circuits, which of the diodes By redrawing the circuit diagrams, it can be shown th 


why by forwardsbiased auaisiiees5 [ew ers eobaaeeciane diode in circuit shown in Fig. 2.77 (b) is reverse biased and 


+5V R the circuit shown in Fig. 2.77 (c), the diode is forward bias 
mel A | Q. 2.03. In the following circuits, which of the diod 

R is forward biased and which is reverse biased ? 
(C.B.S.E. 206 


«ill 
& 
oO 
< 


Fig. 2.77 (a) Fig. 2.77 (b)... 


P ‘ I ™ iv R 
basd deny pivibst : 15 vf} Hw 
ie 3 he ccannahy Pe Fig, 2.79 (a) Hig. 2.79). buns 


yor: iont eink ' Ans, The circuit shown in Fig, 2.79, Ma) can be redrawn 
SAT I shown in Fig.2.80...., = ere 


SI BiL 


Fig. 2.77 (c) ©. 


Fig. 2.80 

The battery of 10 V makes p-section at +10 V, while the 
tery of 5 V makes n-section at + 5 V. Therefore, p-section 
it net + 5 V wrt. n-section. Hence, the diode in the circuit 
ywn in Fig. 2.79 (a) is forward biased. 

Similarly, by redrawing the circuit shown in Fig. 2.79 (b), 
an be shown that the p-section is at net 7 V w.rt. n-section 
1 hence the diode is forward biased. 

Q. 2.04. The circuit shown in Fig. 2.81 contains two 

diodes, each with a forward resistance of 50Q and with 
inite backward resistance. If the battery voltage is 6 V, 
d the current through the 100 Q resistance. 


D, wo (LLT. 1997) 


> 
< 


100 Q 


Fig. 2.81 
Ans. Since the diode D, is reverse biased and it has 
finite backward resistance, no current will flow through 
ode D,. Only the diode D, will allow current to flow in the 
cuit, as it is forward biased. 
Total resistance of the circuit 
= 150 + 100 + forward resistance of diode D, 
= 150+ 100 + 50 = 300 Q 
Therefore, current in the circuit (or through 100 Q 
sistance), 
p= E = : 0:02 A 
R 300. - 


Q. 2.05. Explain the following : 


(i) A transistor is a temperature-sensitive device. 

(ii) A transistorised circuit starts working immediately 
ter the circuit is switched on, whereas a vacuum tube 
rcuit takes some time to start working. 

Ans. (i) A transistor contains free electrons and holes as 
arge carriers. When properly biased (emitter forward biased 
1d collector reverse biased ), they carry current through the 
ansistor in external circuit. In case, temperature increases, 
valent bonds break up, resulting in an additional large 
umber of free electrons and holes. If transistor (when hot) is 
Serated now, the current will be very strong, which may 
sult in excessive heat and ultimately in a complete break 
own of semiconductor device. 

(ii) A vacuum tube is based upon thermionic emission. 
vacuum tube circuit will require some time, so that cathode 
ets heated and starts emitting electrons. On the other hand, 
. a trarisistor, as there is no filament and hence no heating 


, required, the transistorised circuit starts working” 


nmediately, when the circuit is switched on. 


Q. 2.06. In only one of the circuits given below, the 
lamp L lights. Which circuit is it ? Give reason for your 
answer. (C.B.S.E. 2001 S) 


Fig.2.82 Fig. 2.83 
Ans. In the circuit shown in Fig. 2.83, the lamp will light. 
It is because, then-p-n transistor in the circuit can conduct only 
when its base is positive. 
Q. 2.07. In the circuit shown in Fig. 2.84, a voltmeter V 
we is connected across lamp L. What changes would occur 
at lamp L and the voltmeter V, if the resistor R is reduced 
in value ? Give reason for your answer. 
(B.S. BOUL Sd 999 5) 


Fig.2.84 

Ans. In the circuit shown in Fig. 2.67, the n-p-n transitor 
is forward biased. If resistor R is reduced, emitter current I, 
will increase. The collector current flowing through the lamp 
is given by 

1,=I,-I, 

It follows that due to increase in I,, I, will also increase. 
It will lead to make the lamp glow more brilliantly. 

The voltmeter V measures potential difference across L. 
Due to increase in current through lamp, potential difference 
across lamp and hence reading of the voltmeter willincrease. 

Q. 2.08. The gain of a common emitter amplifier is 
@ given byA,, =—g,,, Ry- Does it mean that if we keep on 
increasing indefinitely R, , the gain of the amplifier will also 
increase indefinitely ? Explain your answer. 

(C.B.S.E. Sample Q. Paper) 
Ans. No, the gain of amplifier will not increase 
indefinitely on increasing R,, indefinitely. We know that 
Vee = Veo Ry 
Therefore, as R; is increased, V_., decreases and when 
V_, becomes less than V,, (base voltage), both the junctions 
get forward biased and the saturation starts. 

Q. 2.09. All India Radio broadcasts at 710 kcps, 
& whereas BBC broadcasts at 1380 kcps on the same 
medium wave band. For changing over from All India Radio 
to BBC, the capacitance of the variable capacitor has to be 
decreased. Give reasons in support of your answer. 

Ans. The frequency of oscillations is given by 


oe 1 
2a {be 


As both the stations are tuned on the sam 
wave band), the value of L is same in both the cases ahd 
therefore, 


1 
leo 


Since in changing over from All India Radio (710 kcps) 
to BBC (1380 kcps), frequency increases, the capacitance of 
variable capacitor has to be decreased. 

Q. 2.10. In the following circuits, if the input wave form 

is as shown in the Fig. 2.85, what will be the output 
wave form across the diode in circuits shown in Fig. 2.86 (a) 
and Fig. 2.86 (b) ? Assume that the diode is ideal. 


10. 


11. 


12. 


- explain its working principle. 


Fig. 2.86 (b) 


Fey 2.86 (a) 


Show diagrammatically a forward biased and a reverse 
biased p-n junction. (C.B.S.E. 1990) 
Distinguish between forward biasing and reverse biasing 
in p-n junction. Discuss its use. GLE S-0.C.6. tooo) 
Draw a circuit diagram for p-n junction diode in forward 
bias. Sketch the voltage versus current graph for the same. 
(C.B.S.E. 1995) 
What is a p-n junction diode ? Define the term dynamic 
resistance for the junction diode. GiS.S'GE, 1999) 
What is rectification ? Explain with the help of a circuit 
diagram, how a junction diode acts as a half-wave rectifier. 
(I.S.C.E. 1994) 
How a p-n junction diode can be used as half-wave 
rectifier ? (H.P.S.S.C.E. 1998 S) 
Explain the forward and reverse bias characteristic curve 
of a p-n junction. Draw the circuit diagram of p-n diode as 
a full-wave rectifier. (P.S.S.C.E. 1996 S) 
Draw the circuit diagram of a full-wave rectifier and briefly 
(C.B.S.E. 2001) 
With the help of circuit diagram explain, the working of 
p-n junction diode as a full-wave rectifier. 
(C.B.S.E. 2000 ; H.S.S.C.E. 1999, 1998 S) 
What do you mean by rectification ? With the help of a 
circuit diagram, explain the use of a p-n junction diode as 
a full-wave rectifier, giving its input and output wave- 
forms. (C’BS.E: 1999'S) 
Explain the function of a p-n junction diode as full-wave 


rectifier. (PS.S.C.E. 2002, 1998 S; H.S.S.C.E. 2001, 1999 S ; 


* H-P.S.S.C.E. 2000, 1999 ) 
Draw the current versu8 voltage characteristic curve of a 
Zener diode. Indicate the position of Zener voltage. Draw 
a labelled circuit diagram of a d.c/voltage regulator using 
a Zener diode: *' (ES.C.E. 1998) 


fix 


digital n nature To it is either — 5 V or + "SV 


Circuit shown in Fig 2.86 (a) : When the input | 
— 5 V, the diode in the circuit shown in Fig. 2.86 (a) be 
reverse biased. No output is obtained across resistanc 
long it remains — 5 V. When the input level becomes 
the diode gets forward biased and current flows throv 
resistance R. As diode is ideal, the output across R 1 
exactly 5 V. Thus, for the given waveform of the inp 
output will vary between 0 and 5 V and will be as sh 


Fig. 2.87. 1s 
0 Ln oh ahd tsb 


Fig. 2.87 

Circuit shown in Fig. 2.86 (b) : In this case, the 
conducts, when the input level is — 5 V and it do 
conduct, when input level is + 5 V. Due to ideal na 
diode, the output obtained across R will be between —£ 
0 and will be as shown in the Fig. 2.88. 


Carrying 3 Marks ___ 


13. What is a Zener diode ? Explain its action in reg 
supply voltage. (H.S.S.C.E 
14. What is a Zener diode ? How is it symbo) 
represented ? With the help of a circuit diagram, 
the use of Zener diode as a voltage stabilizer. 
(C.B.S.E. 
15. Whatisa zener diode and a photo diode ? Give the 
use of such diodes. 
16. Distinguish between the light emitting diode an« 
diode. Draw their biasing circuits. 
(C.B.S.E. Sample Q 
17. Give the symbol of n-p-n and p-n-p transistors. SI 
biasing of ann-p-n transistor and explain transisto! 
(C.B.S.] 
18. With the help of a circuit diagram, explain the act 
n-p-n transistor. (C.B.S.E. 
19. What is an n-p-n transistor ? How does it diffe 
p-n-p transistor ? Give their symbols. Explain tr 
action. (C.B.S.E 
20. Describe the working of an-p-n transistor as comm: 
amplifier. Define current amplification... 
(H«S)S.C.E. 
21, Explain through a labelled diagram the working 
transistor (common-base configuration) as an am 
Tear (H.P.S.S.C.1 
22. Explain the working of an n-p-w. transistor as.an a1 
and determine its voltage gain. 
(C:B:$.E::1995 ;#.3/S.C) 
23. Discuss the working of p-n-p transistor as amplifi 
» common-base circuit. (H.BS.S.C.] 
24. Write the construction of p:7-p transistor. He 
represented symbolically ? Explain its operatior 


for the u common-base amplifier ? 

(C.B.S.E. 1996 S) 

. Discuss the working of ap-n-p transistor as a common-base 
amplifier and determine its voltage gain. 

CHIS'S: C/E. 2001 "P'S:5.C.E, 1996) 
Explain with the help of a labelled circuit diagram the use 
of a transistor as an amplifier. (C.B.S.E. 1996, 1995) 
Explain the working and amplifying action of a transistor. 

(P.S.S.C.E. 1996) 
Describe a transistor as an amplifier. (H.S.S.C. E. 1996) 
Describe the principle, construction and working of a 
transistor. (H.S.S.C.E. 2002, 1996) 
Explain the amplifying action of a transistor. 
P5:5)C-.E. 1997 8) 
With the help of a circuit diagram, explain the use of an 
n-p-n transistor as an amplifier. (H.S.S.C.E. 1997 S) 
Explain through a labelled diagram, the working of an 
n-p-n transistor as an amplifer (common-emitter 
configuration). (H.P.S.S.C.E. 2002 ; 1996) 
Draw a labelled circuit diagram for a common-emitter 
amplifier using n-p-n transistor. Write down the expression 
for its voltage gain. What is the phase difference between 
input and output signals ? (C.B.S.E. 2002) 
Draw the circuit diagram of a common-emitter amplifier. 
What is the phase difference between the input and output 
signals State two reasons, why a common-emitter 
amplifier is preferred to a common-base amplifier. 
(C.B.S.E. 2001) 
Fig. 2.89 shows the circuit diagram of a common-emitter 
amplifier. Explain the function of (i) resistor R,, (ii) resistor 
R,, (iii) resistor R, and capacitor C3. (iv) capacitors C, and 


NPUT®) 


In the circuit, whichjunction is forward biased and which 
one is reverse biased ? (LSiC.E, 1993) 
Explain through a labelled diagram, the working of p-n-p 
transistor as an oscillator. 

(H.PS.S.C.E. 2002 ; H.S.S.C.E. 2001) 


Define the terms “potential barrier’ and “depletion region’ 
" for a p-n junction diode. State how the thickness of 
depletion region will change when the p-n junction diode 
is (i) forward biased, (ii) reverse biased. (C.B.S.E. 1998) 


how depletion layer is formed near the junction. Also 


explain what happens to this layer, when the junction is y 


(i) forward biased and (ii) reverse biased.) - - - 

nisa 3giilov aif omismsaiob(Ho$.S.C.E 2001) 

(cin it ? Discuss the chayacteristics/ofia pam junctiondiode. 

Hudtio send- ton@hhGsS.C.E. 2002) 

What is.a p-n junction ? Diseuss its action inforward bias | 
and reverse bias! arrangements) + fy) e(H.S2S.C.E. 2002) 


ou : Sat RNA ely ; ; 
» What is a p-n junction ? How is potential barrier caused 


Son 
oh ah 


38. Explain through a diagram, the working of transistor as 
an oscillator. (H.S.S.C.E. 2001 ; H.P.S.S.C.E. 1998 S) 
39. Describe a junction transistor and explain its use as an 
oscillator. (H.S.S.C.E..1995) 
40. Describe a junction transistor. Show with the help of a 
circuit diagram, how it can be used as an oscillator. 
CHIS-SCUB\1995 $C'B'S:E: 1991) 
41. Explain transistor as an oscillator. 
(H.S.S.C.E. 2001, 2000, 1993, 1992) 
42. Explain the advantages and disadvantages of 
semiconducting devices compared to vacuum tube 
devices. (P.S.S.C.E. 2002) 
43. Write a short note of integrated circuits. Give their uses. 
44, Give symbol, truth table and logic statement of OR gate. 
(H.S.S.C.E. 1996) 
45. What is a logic gate and its truth table ? Draw the logic 
symbol of the OR gate. Explain its working and obtain the 
truth table for it. 
46. Give the logic, truth table and Boolean expression for OR 
gate. How is it realised in practice? (H.S.S.C.E. 1993) 
47. Draw the symbol of an AND gate. What type of truth table 
does it follow ? How can one realise such a gate in actual 
practice by using a junction diode for two-input feed ? 
(P.S.S.C.E. 1996) 
48. Give the logic symbol, truth table and Boolean expression 
for AND gate. How is it obtained in practice ? 
(FS.S:C.E. 1992) 
49. Discuss the working of the NOT and AND gates. Write 
down the truth table in each case. 
50. Give the truth tables and symbols oi AND, NAND and 
NOR logic gates. (PS:5.C.E.,1993) 
51. Give the truth tables and logic symbols of OR, NOR and 
NAND logic gates. (PS.S.C.E. 1999 S) 
52. What is a digital circuit, a logic gate, truth table and 
Boolean expression ? Draw the logic symbols of the OR, 
AND and NOT gates. 
53. Explain how a NAND gate is obtained from AND and 
NOT gates. Give its logic symbol and truth table. 
54. Explain how a NOR gate is formed. Give its logic symbol 
and truth table. 
55. Explain how a NAND gate can be used to obtain all the . 
three basic logic gates. 
56. Explain, how AND logic gate can be realised from NAND 
logic gate. (PS.S.GE. 1999'S) 
57. Explain, how XOR gate is obtained from OR, AND and 


REQUENTLY ASKED LONG ANSWER QUESTIONS 


Witt help of a labelled circuit diagram, explain the use 
of a transitor as an oscillator. (C.B.S.E. 2000, 1998) - 


NOT logic gates. Also give the logic symbol and truth table 
of XOR gate. (PS SiC. E. L999 3) 


Carrying 5 Marks 


5. Forap-n junction, draw (i) the circuit diagram for forward 
biasing (ii),circuit diagram for reverse biasing (iii) the 

_ current-voltage characteristics. (Pre-degree Kerala, 1991) 
6...Why does a p-n junction diode offer low resistance in 


What is a p-njunction ? Explain'with thé help ofadiagram, 


Ww thy 
% VOO' 
Payer any 


jo 9VIL 


wai .egnilov ies 
ariien 1 8. 
| ) erectifier giving a neat circuit diagram as well as the input 
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_ forward bias and a high resistance in reverse bias ? Explain 
~ the-characteristic curves of this diode by drawing suitable 
circuit diagrams. (PS.S.C.E. 1998) 


7, Explain thewuse of p-n junction diode as rectifier. Draw the 


circuit diagram of a full-wave rectifier and explain its 
, ,working..Draw, the input and output waveforms. 
: (C.B.S.E. 1990) 


IN io NoDizod ont sinzil 
f {What is ja rectifier, ? Explain the working of a full-wave 


“| 


and output waveforms. (H.S.S.C.E. 2002) 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


how it can be used as a full-wave fecttier 
(H.S.S.C.E. 2000) 
Explain briefly, why a junction diode acts as a rectifier. 
Draw a labelled diagram of a full-wave rectifier, explaining 
the functions of its various components. 
(L.S.C.E. 1996, 1993) 
Define the terms “potential barrier’ and ‘depletion region’ 
for a p-n junction. Explain, with the help of a circuit 
diagram, the use of a p-n diode as a full-wave rectifier. 
Draw the input and output wave-forms. (C.B.S.E. 1998) 
Give a circuit diagram for common-base characteristics of 
p-n-p transistor. How are input and output characteristics 
drawn ? Explain them. (FESISIC.E. 1993) 
Draw the circuit diagram for p-n-p common-base transistor 
characteristics. Discuss the characteristics. 
(H-S.S:C.E; 199705) 
Draw a circuit diagram to obtain the characteristics of a 
n-p-n transistor in common-emitter configuration. 
Describe how you will obtain input and output 
characteristics. Give shape of the curves. (C.B.S.E. 2001) 
Describe the consutrction of a transistor. Explain its 
working as a common-base amplifier. (P.S.S.C.E. 2000) 
With the help of a labelled circuit diagram, explain the 
working of n-p-n transistor as a common-base amplifier 
and derive an expression for its voltage gain. 
(P.S.S.C.E. 2001) 
What is an amplifier ? With the help of a circuit diagram, 
explain the function of a p-n-p transistor as an amplifier. 
(H.S.S.C.E. 2002) 
Drawing a labelled circuit diagram, explain the working 
principle of a common-emitter transistor amplifier. State 
the phase relation between input and out signals. 
(C.B.S.E. 2000) 
Discuss common emitter amplifier using n-p-n transistor. 
Find its current gain, voltage gain and power gain. 
(P.S.S.C.E. 2002, 2000) 


Type A. On p-n junctions 


1. 


In a forward biased silicon diode, current occurs at close 
to 0-7 V and increases rapidly with very small further 
potential difference increase. What current will flow, when 
there is a 200 Q resistor in series with the diode with a 10 V 
battery across the series combination? [Ans. 46:5 mA] 
A p-n junction diode when forward biased has a potential 
drop of 0-5 V, which is assumed to be independent of 
current. The current in excess of 10 mA through the diode 
produces a large Joule heating, which damages (burns) the 
diode. If we want to use a 1-5 V battery to forward bias the 
diode, what should be the value of the resistor used in 
series with the diode so that the maximum current does 
not exceed 5 mA ? [Ans. 200 Q] 
Refer to the Zener diode circuit shown in Fig. 2.49. If E = 12 V, 
V7 =9 V, R= 200 Q and R,; = 1:5 kQ, calculate the power 
dissipated in (a) resistance R (b) load resistance R; and 
(c) the Zener diode. 

[Ans. (a) 0-045 W, (b) 0-054 W, (c) 0-081 W] 
In the circuit using a Zener diode voltage stabiliser [Fig. 
2.49], what is the smallest value of load resistance for 
stabilisation to be possible. Given, R = 100 2, E=5 V and 
Zener diode is of 3 V. [Ans. 150 Q] 
A full-wave recitifier makes use of two identical junction 
diodes having negligible forward resistance. What is the 


Zi 


22. 


23. 


24. 


25% 


26. 


P2443 


28. 


29: 


working of a p-n-p transistor as a co mit 
amplifier and derive an expression for its voltage gail 
(P.S.S.C.E. 20 
Draw a practical single stage circuit for a common-emii 
audio frequency amplifier using an n-p-n transistor an 
single battery. Describe, how (i) temperature stabilisat 
is achieved, (ii) base-bias is provided and (iii) undesira 
feed-back of amplified signal into the base-emitter circ 
is avoided. (ES:CE. 
Draw a circuit diagram to show the connections for 
operation of a p-n-p transistor as an amplifier. Explain 
different biasing. What is the phase relationship betw: 
the input and output voltages in this case ? Obtain 
expression for its current gain. (C.B.S.E. 199€ 
Explain through a labelled circuit diagram, the work 
of a transistor as an amplifier (common-emitter confi 
ration). Obtain an expression for the current gain, volt 
gain and power gain. 
(SSC 1999 S.; H-P.S.S.C.E. L999 GiaBaSt Eg 996; Te 
What is an oscillator ? Discuss the use of a junct 
transistor as an oscillator. (H:S:S:C.E. 20 
Give the logic symbol, truth table and Boolean express 
for AND gate. How is it realised in practice ? 
(H.S.S.C.E. 20 
Draw the logic symbol of OR gate. Write its truth table a 
How can one realise such a gate in actual practice by us 
junction diodes ? (P-SISIC.E. 20 
What do you understand by logic gate ? Why is it 
called ? Discuss AND gate ? (A.Si5;C. B20 
Give the logic symbol, truth table and Boolean express 
for AND gate. How is it realised in practice ? 
(H.S.S:C.E. 20 
Draw the logic symbol of AND gate. Write its truth ta 
also. How can one realise such a gate in actual practice 
using junction diodes ? (ESS Cec 


For Practice 


r.m.s. value of voltage across R, , when a sinusoidal volt 
supply of peak value 100 V is fed to the rectifier. 
[Ans. 70-7 


Type B. On Characteristics of a:transistor 


6. 


Fig. 2.90 gives the variation of I, as a function of V,, at fi 
V -¢ = 20 V. (a) Find the voltage corresponding to I, = 40 
and 80 A; (b) Find the resistance R= V,,,/I, at these 
points and the dynamic resistance. 

[Ans. (a) 0-7 V, 0-8 V ; (b) 17:5 kQ, 10 kQ, 2:51 


Type C. 
9. 
10. 


11. 


12. 


13. 


14. 


15. 


"characteristics as shown in Fig. 2.91. 


ertain 1 an co’ mitter output 
(a) Find the emitter current at V,, = 10 V and I, = 60 pA. 
(b) Find @ at that point. [Ans. (a) 6:06 mA ; (b) 0-99] 
A certain transistor has common-emitter input 
characteristics as shown in Fig. 2.90 and the common 
emitter output characteristics as shown in Fig. 2.91. 


Fig. 2.91. 
(a) Find I,, when V;, = 0-7 V and V.,, = 20 V. (b) Find B of 


the transistor at that point. [Ans. (a2)5 mA; (b) 125] 
OnTransistor as an amplifier 


For a common base amplifier, emitter current is 5-2 mA 
and base current is 0:22 mA. Find the current gain of the 
amplifier. [Ans. 0-958] 
For a transistor working as common base amplifier, 
current gain is 0-97 and base current is 0-12 mA. Calculate 
the collector and emitter current. [Ans. 3-88 mA, 4 mA] 
In a common base transistor amplifier, if the input 
resistance is 200 ohm and load resistance is 20 kiloohm, 
find (i) voltage gain (ii) power gain. Given, current gain 
of common base transistor is 0-95.  (H.P.S.S.C.E. 1993) 

[Ans. (i) 95; (ii) 90-25] 
In the n-n-p transistor circuit shown in Fig. 2.92, what 
is the potential difference between base and collector ? 
What is the biasing (forward or reverse) between emitter- 
base and collector-base junctions ? 


4V 


Fig: 2.92. 
[Ans. 2 V, 2 V (forward), 2 V (reverse) ] 
Calculate emitter current for which f = 100 and base 
current I, = 20 #A. 


For a common-emitter amplifier, current gain is 60. If the 
emitter current is 6-6 mA, calculate the collector and base 


current. [Ans. 6-49 mA, 0-108 mA] 
In acommon-emitter mode of transistor, d.c. current gain 


is 20 and the emitter current is 7 mA. Calculate (i) base 


current and (ii) collector current. (C.B.S.E. 2002) 
[Ans. (i) 0-333 mA, (ii) 6-667 mA] 


For a common-emitter amplifier, current gain is 60. If the 
emitter current is 7-7 mA, calculate the base current and 
collector current. Also calculate current gain, when the 


17. The input resistance of acommon-emitter amplifier is 2 kQ 
and a.c. current gain is 20. If the load resistor used is 5 kQ, 
calculate (i) the voltage gain of the amplifier and (ii) the 
transconductance of the transistor used. (C.B.S.E. 1999) 

[Ans. (i) 50 ; (ii) 0-01 S] 
Achange of 8-0 mA in the emitter current causes a change 
of 7-9 mA in the collector current. How much change in 
base current is required to have the same change of 7-9 mA 
in the collector current ? Find the values of a and f. 

[Ans. 0-1 mA, 0-99, 79] 
In the circuit shown in Fig. 2.93, the base current I, is 10 vA 
and the collector current is 5-2 mA. Calculate V,,, and V.,. 
Can this transistor circuit be used as an amplifier ? 

1+], 


18. 


ao. 


R,=500 kQ 


Fig. 2.93. 
[Ans. V,, = 0:5 V, V,, = 0:3 V. It cannot work as an amplifier as 
both the emitter-base and collector base junctions are 
forward biased] 


Type D. On Logic gate and its Truth table 
20. Express bya truth table, the outputy for all possible inputs 
A and B in the logic circuit shown in Fig. 2.94. 


Ans. A 


Fig. 2.94 


21. Produce the truth table of the combination of two NAND 
gates arranged as shown in Fig. 2.95. Hence, show that it 
behaves as AND gate. 

Ans. ao B | Y 
© 07) 0 
A ; y Bea 8) 0 
B 7 By. Pd, 0 
ek ey ye | 

Fig. 2.95 

22. Produce the truth table of the combination of gates shown 

in Fig. 2.96. 
A Y4 
B 
y 
Yo 
Fig. 2.96 


5 
gates arranged as shown in Fig. 2.97. Hence, show that it 


behaves as XOR gate. 
y Ans. 
A 
5 y 
Yo 
Fig. 2.97 
MISCELLANEOUS PROBLEMS 


24. Ajunction diode of negligible forward resistance is used 


as a half-wave rectifier to rectify a sinusoidal voltage 
supply 30 V (.m.s.), 50 Hz. The output is obtained across 
a load resistance R,; of 10 kQ. Calculate (a) the peak value 
of output current, (b) the reading of d.c. milliammeter 
connected in series to R; and (c) the reading of the d.c. 
voltmeter connected across a capacitor of 16 “F connected 
in parallel to R,. 


[Ans. (a) 4-24 mA (b) 1:35 mA (c) 30 V2 V] 


25. The circuit shown in Fig. 2.98 uses a Zener diode of 12 V 


as a voltage regulator to runa 12 V, 6 W tape recorder 
on 110 V d.c. line. What should be the value of the 
resistance R, if the d.c. supply varies from 102-115 V ? 

(I.S.C.E. 1996) [Ans. 180 Q] 


d.c. 

i TAPE 
2 ‘ tay RECORDER 
i 


Fig. 2. 98 
26. In Fig. 2.99, circuit symbol of logic gate and input wave 
forms are given. Name the logic gate. Write its truth table 


and give the output wave form. (C.B.S.E. 2002) 


OUTPUT 


1. EME of battery, E= 10 V 


Voltage drop across junction diode, V, = 0-7 V 

Therefore, voltage drop across series resistor, 
V=E-V,=10-0-7=93V 

Hence, current in the circuit, 


fon ee 4-658 10 A= 46S 
00 


2. Effective forward bias, V = 1-5-0-5=1V 


Current desired through p-n junction, 
I=5mA=5x10°A 
Let R be resistance of the resistor used in series with the 
diode. Then, 
R i v = 1 =3 = 200 Q 
A510 


3. Refer to Fig. 2.49: 


(a) V=E-V7=12-9=3V 
Viet 


27: 


28. 


7A 1: 


Identify which basic gate, OR, AND and NOT is 
represented by the circuits in the dotted line boxes,a, b and 
c shown in Fig. 2.100. 


Fig. 2.100 
Give the truth table for the entire circuit for all possible 
values of A and B. [Ans. (a) NOT ; (b) OR ; (c) AND] 


In the circuit shown in Fig. 2.101, if we assume that when 
the input voltage at the base resistance is 5 V, V,, is zero 
and V,, is also zero, what is I,, 1, and B. 
[Ans. I, = 25 vA, I, = 3-33 mA, B = 133-2] 
5V 


5V R,=1'5 kQ 
0 
i ecilhns Scnemriyc se flee 
Fig. 2.101 ¥ 
The Boolean expression for the logic circuits as given 
below : ‘ 


(@@) y=A.B+A.B (6) y=A.B+A.B 


Find the output y in each case, if the inputs are A = 0, 
B=i0 A= BB =0 | 5A =0) Be iieandsAyv= 1, B = 1. 
[Ans. (a) 0, 1, 0, 1; (b) 1, 1, 1, 1] 


Power dissipated in resistance R, 
Pp = VI=3 x 0-015 = 0-045 W 


(b) Current through R,, [, = =0-006A 


9 
1-5x 10° 
Power dissipated in R,, 

P, = Vz], =9 x 0-006 = 0-054 W 
(c) Current through Zener diode, 

I, = I—I,, = 0-015 — 0-006 = 0.009 A 
Power dissipated in Zener diode, 

PZ = Vz I, = 9 x 0-009 = 0-081 W 
Voltage drop across series resistor, 

V=E-Vz=5-3=2V 

Current through series resistor, 


The smallest value of load resistance for which stabilisation 
occurrs is that which allows a negligible (almost zero) 
Zener current. 


10. 


11. 


12. 


13. 


Hence, smallest value of load resistance, 


n, -Me- 9 L500 
HE 640-02 
Here, Ep) = 100 V 
100 
Byes T5 V 


A full-wave rectifier gives output corresponding to both 
the half cycles. Therefore, r-m.s. value of voltage for a 
complete cycle will be same as that over a half cycle. 
Hence, 


Vems. = (100 / V2) = a4 =70-7 V 


(a) From V,, - I, characteristic at V,, = 20 V [Fig. 2.90], 
corresponding to I, = 40 uA, V,, = 0-7 V 
and corresponding to I, = 80 “A, Vi, = 0-8 V 


0-7 
b) R (at V;,, = 0:7 V) =——— <> = 1750 2 = 17-5 kQ 
) REV, = 07) =O ag 
R (at V,, = 0-8V)= pee dhaed Ee 10,000 Q = 10 kQ 
@ 80x10 
ON Vie 0-8—0-7 
Dynamic resistance = = 
Al, | 80x10-° -40x10° 
= 01 _ 2500 2 =25kQ 
40 x 10 


(a) From V,,, - I, characteristic at V., = 20 V [Fig. 2,901, 
corresponding to Vie = 0-7 V, I, = 40 pA 
Now, from V_, - [, characteristic at I, = 40 mA [Fig. 2.91], 
corresponding to V,, = 20 V,I,=5 mA 
Pik ge 
40x10 ° 
(a) From V,, - 1, characteristic at I, = 60 BA [Fig. 2.91], 
corresponding to V,, = 10 V, I, =6 mA 
Now, I, = 1, + 1, = 6mA + 60 vA= 6-06 mA 
6 


(b) Now, B= “ 125 
b 


Ie 29-97 or 1, = 0971, 
I 

or I, = 0-97 (I, + I,) or 
0-97x0-12 
=——_—__~* = 3.88 mA 
ents 0-03 

Now, I, =I, + I, = 3-88 + 0-12 = 4.0 mA 


Ba 20X18" 
™ 200 
(@ Voltage gain = current gain x resistance gain 
= 0-95 x 100 = 95 
(ii) Power gain = voltage gain x current gain 
= 95 x 0-95 = 90-25 
Here, V,,=2V (forward) 
and_ V,,= 4 V (reverse) 
Vib =4-2=2 V 
Pepe eS 
Now, B===—— bo ore 2100 
I, I, 20 


or 1,=2020“A=2-02 mA 


0-03 I, = 0-97 I, 


Resistance gain = 100 


15. 


16. 


ais 


18. 


19. 


21. 


22. 


PB 


24. 


Here, al = 60 
I, 60 


Also,1,=1,+1, or 66=1,+1,/60 
or I1,=649mA 
I,= 6°49 _ 0.108 mA 
60 
Proceed as in problem no. 14. 
I.-l, 


i _7-7xiI, 
Fag NOT Be GRE 
or 1,=0-126mA 

Now, I, = I, - I, = 7-7 - 0-126 = 7-574 mA 


Now, p= or 60 


a 


Also, B=——— 60= 
0, vate or i 
or a=0-984 
R 
Resistance gain = —“4 = a hs 
|S Hegilcty 
(i) Voltage gain = current gain x resistance gain 
= 20 x 2:5 = 50 


(ii) Transconductance, g,,, = current gain/Rip py, 
= 20/2 x 10° = 0-01S 
From the relation : I, = 1, + I, we have 
AI, = Al, + Al, 
When AI, = 8-0 mA, AI, = 7-9 mA 
Al, = Al,— Al, = 8-0 -7-9 = 0-1 mA 


Proceed as in solved problem no. 2.11. 

Proceed as in SAQ 2.58. 

The truth table of the combination of gates shown in Fig. 
2.95 is produced as below : 


Since it is the truth table of AND gate, the given 
combination of gates represents AND gate. 

The truth table of the combination of gates shown in Fig. 
2.96 is produced as below : 


APD Ye Voy 

1 0 1 
1” "0 1 1 0 = 
‘Were! 1 1 0 


ete Le ee 


The truth table of combination of gates shown in Fig. 2.97 
is produced as below : 


A a ae 
PN aT oe 1 5 te Ma 
Teele. G 5 ho ay 3 
OU iy lend 0 j1 
De Toro ewy eye) 


Since it is the truth table of XOR gate, the given 
combination of gates represents XOR gate. 
Here B= 30 V 


Therefore, peak value of supply voltage, 
Eo = Ex ms. * ¥2=30V2V 


25. 


26. 


(a) Since the forward resistance of diode is ne 


value of current through R,, 
po Bo 2 3092 2 5 9x10 A424 mA 
Ry 10x10 


(b) The d.c. milliammeter connected in series to load 
resistance R; measures the average value of current over 
the complete cycle. Therefore, 
(2 Ip /x)+0 se Ip 

pd 7 


reading of d.c. milliammeter = 


4-24 
— Sigs 1:35 mA 
(c) When a capacitor is connected across R,, the capacitor 
charges to peak supply and when diode is not conducting, 
it discharges through R, . 


el 
Now, time period of supply voltage, T= —= ris 0-02s 


=; 


Time constant of CR-circuit, 

CR = 16 x 10° x 10 x 10° =0-16 s 
Since CR >> T, the output voltage across capacitor will 
practically remain equal to the peak value of supply 
voltage and hence output will be as shown in Fig. 2.102 
given below. 


Fig. 2.102 
Hence, reading of d.c. voltmeter connected across C 


= 30/2 V 


Operating voltage of the tape recorder = 12 V 

Power rating of the tape recorder = 6 W 

Therefore, current drawn by the tape recorder (load 
resistance), 


6 
I, =—-=0-5A 
ee 


Now, Zener diode should provide stabilised supply to the 
tape recorder, when supply voltage varies between 102- 
115 V. For this, the value of R should be chosen so that a 
negligible current flows through Zener diode, when 
supply voltage is minimum i.e. 102 V. 


Now, ey ae 
When E = 102 V, I, =0 or I=], 
102-12 
R= = 180: 2 
0-5 


It may be pointed out that when supply voltage rises to 
115 V, the current through series resistor R and the Zener 
diode increases. The increase in potential drop across R 
leaves the supply voltage of 12 V to the tape recorder 
unchanged. 

Logic gate shown in Fig. 2.99 is NOR gate. The truth table 
of the logic gate will be as given in Fig. 2.42 (b). 


FS man Fi 


Fig. 2.103 


e, peak 


27. 


28. 


29. 


In dotted line box a: Refer to section 2. 26. When the tt 
inputs of NAND gate are joined, it acts as NOT gate. 
In dotted line box b : Refer to section 2.26, when output 
of two NOT gates are fed to a NAND gate, th 
arrangement acts as OR gate. 

In dotted line box c: Refer to section 2.26, when the input 
of NAND gate are fed to a NOT gate, the arrangement act 
as AND gate. 

Let y’ be output of logic gate in dotted line box a and y 
be output of logic gate in box b. 

The truth table of the whole arrangement will be as give 
below : 


Ill 


Refer to solved problem no. 2.11 : 
When input oe at the base resistance is 5 V, 


Also, =5 V 
Applying Kirchhofts second law to the closed part of th 


circuit containing R,, and collector-emitter junction, w 
have 


Vce— Ve ic Be 
0=5-I,x15x 10 
or I, = 3-33 x 10° A= 3-33 mA 


Applying Kirchhoff’s second law to the closed part of th 
circuit containing R, and emitter-base junction, we have 
Voc = Vie + Ty Ry 
5=0+ 1, x 200 x 10° 


or I, = 25 x 10% A= 25 A 
I, 3°33x1079 
Now, p= + Armensaneot = 133-2 
b 25 x 10 
(a) Here, y=A.B+A.B 
For A=0,B=0: 
y=0.0+0.0=0.1+0.0=0+0=0 
For A=1,B=0: 
y=1.04+1.0=1.1+1.0=1+0=1 
For. A= 0, Bade 
y=0.1+0.1=0.0+0.1=0+0=0 
For A=1,B=1: 


y=1.14+1.1=1.0+1.1=04+1=1 
(b) Here, y=A.B+A.B 


For A=0,B=0: 
y=0.0+0.0=0.0+0=0+1=1 
For A=? B= 0: 
y=1.0+1.0=1.0+0=0+1=1 
KortAc= 0s Ria= i 
y=0.1+0.1=0.1+0=0+1=1 
For A=1,B=1: 


y=1.14+1.1=1.141=1+0=1 


Competitive Examination File (Unit IX) 


RR eEESnS ET enuEaNeerS REVISION AT A GLANCE 
Chapter 1. Solids 


0 Crystalline materials. The materials, in which atoms (or molecules) are arranged in a definite and regular way throughout 

he body of the crystal. 

CO Amorphous materials. The materials, in which atoms (or molecules) are arranged in an irregular manner. 

C1 Crystal lattice. It is an infinite array of atoms (or molecules) in space, such that at every point, an atom or a molecule has got 

he identical surroundings. 

CO Unit cell. It is the smallest block, whose repetition in three dimensions builds up the whole crystal. 

The three sides a, b and c of the unit cell are called primitives or lattice constants. 

The set of three lines drawn parallel to the lines of intersection of the faces of the unit cell are called crystallographic 
ixis. 

The angles a, 6 and y between the three crystallographic axes are called interfacial angles. 

C1 Single crystal. The crystal in which the ordered arrangement of atoms (or molecules) extends throughout the piece of the crystal. 

The physical properties, such as mechanical, thermal, electrical and optical of a single crystal are different in different 
Jirections. In other words, a single crystal is anisotropic. 

The small sized single crystal is called monocrystal. 

0 Polycrystal. The crystalline solid, which is made of a large number of monocrystals with well develoned faces joined together. 
Polycrystals are isotropic. 

0 Liquid crystal. The organic crystalline solid, which on heating becomes fluid like but retains its anisotropic property. 

Liquid crystals change the plane of polarisation of light and are used in liquid crystal displays (L.C.D.). 

0 Energy bands in solids. Due to interaction between closed packed atoms in solids, the splitting of energy levels take 
place and it gives rise to formation of energy bands. The energy band formed by a series of levels containing valence electrons 
‘s called valence band and the lowest unfilled energy band formed just above the valence band is called covalent band. 

In some solids, there is a energy gap between valence and conduction band. This energy gap is called forbidden energy 
gap. . / 

The behaviour of conductors, semiconductors and insulators can be explained on the basis of energy bands. 
C0 Conductors. The conduction and valence bands partly overlap each other in case of conductors. In other words, there 
is no forbidden energy gap in conductors. 

CO Semiconductors. The conduction and valence bands are separated by the small width (= 1 eV) of forbidden energy 
gap. The valence band is completely filled, while the conduction band is empty. The electrons cross from valence band to 
conduction band even when a small amount of energy is supplied. 

C Insulators. The width of forbidden energy gap between valence and conduction band is quite large (~ 10 eV). 
Ordinarily, electrons cannot jump from valence to conduction band even on applying a strong electric field. 

C1 Intrinsic semiconductors. A semiconductor free from all types of impurities is called intrinsic semiconductor. At 
0 K, a semiconductor is an insulator i.e. it possesses Zero conductivity. When temperature is increased, a few covalent 
bonds break up and release the electrons. These electrons move to conduction band leaving behind equal number of holes 
in valence band. The conductivity of an intrinsic semiconductor is due to both electrons and holes. 

CO Doping. The process of adding impurity atoms (pentavalent or trivalent) to a pure semiconductor, so as to increase its conductivity 
in a controlled manner is called doping. The impurity atoms added are very small (~ 1 in 10° semiconductor atoms). The 
pentavalent impurity atoms are called donor atoms, while trivalent impurity atoms are called acceptor atoms. 

C Extrinsic semiconductor. A semiconductor doped witha suitable impurity, so as to possess conductivity much higher 
than the semiconductor in pure form is called extrinsic semiconductor. 

n-type semiconductor. When a pentavalent impurity, such as arsenic or antimony or phosphorus is added to a pure 
semiconductor, the number of free electrons become more than the holes in the semiconductor and such an extrinsic 
semiconductor is called n-type semiconductor. In other words, in an-type semiconductor, electrons are majority carriers and 
holes are minority carriers. 

p-type semiconductor. When a trivalent impurity, such as indium or galium or boron is added to a pure semiconductor, 
the semiconductor becomes deficient in electrons i.e. number of holes become more than the number of electrons. Such a 
semiconductor is called p-type semiconductor. It has holes as majority carriers and electrons as minority carriers. 

C Electrical conductivity of a semiconductor. The conductivity of a semiconductor is determined by the mobility (4) 
of both electrons and holes and their concentration. 

Mathematically : o=e(n,U, + My, My) 

Here, n, and n, represent number density, while u, and “4, represent mobility of electrons and holes respectively. 


1. Valence band is formed of the outermost energy levels having electrons, while conduction band is formed of lowest 
unfilled energy levels. 

2. The highest energy level, which an electron can occupy in the valence band at 0 K is called Fermi level. 

3. Both n-type and p-type semiconductors are electrically neutral. 

4. In semiconductors, electron mobility is greater than hole mobility. 
5. The conductivity of a semiconductor increases with temperature. 


Chapter 2. Semiconductor devices 


O p-n junction. The device obtained by growing a p-type semiconductor over a n-type semiconductor or vice-versa is called a p- 
n junction. It conducts in one direction only. It is also called a junction diode. 

O Depletion layer. It is a thin layer formed between the p and n-sections and devoid of holes and electrons. Its width is about 
10~* m. A potential difference of about 0-7 V is produced across the junction, which gives rise to a very high electric field 
(= 10° V m-}). 

0 Forward biasing. The p-n junction is said to be forward biased, when positive terminal of the external battery in the 
circuit is connected to p-section and negative terminal to n-section of the junction diode. 

Flow of majority carriers across the junction from both the sections of the junction diode is responsible for the forward 
current. 

CX Reverse biasing. The p-n junction is said to be reverse biased, when positive terminal of the external battery in the 
circuit is connected to n-section and negative terminal to p-section of the junction diode. 

The flow of minority carriers across the junction from both the sections of the junction diode is responsible for the reverse 
current. 

O Transistor. A three section semiconductor device formed by growing a thin layer of p-type semiconductor between two 
comparatively thick layers of n-type semiconductor and vice-versa. 

The thin layer at the centre is lightly doped and is called base (B). The other two layers serve as emitter (E) and collector 
(C). When the emitter is forward biased, the majority carriers move across the base so as to reach the collector biased in reverse 
manner. A small recombination of holes and electrons takes place in the base region. 

If I,, |, and I, are emitter current, base current and collector current respectively, then 


I,=I, +1, 
O Current gain. (a) In common base configuration : 
Tee! 
d.c. current gain, a= = 
e 
: A I. 
and a.c. current gain, GQ go = 
Al, 
(b) In common emitter configuration : 
d.c. current gain, p= : 
b 
Al 
and a.c. current gain, By... =——* 
Al, 
The values of @ and f are related to each other as : 
a 
vias Me 


O Voltage gain. It is defined as the ratio of output voltage to the input voltage. 

O Resistance gain. It is defined as the ratio of resistance in output circuit to the resistance in input circuit. It can be proved 
that 

voltage gain = current gain x resistance gain 
0 Power gain. It is defined as the ratio of output power to input power. It can be proved that 
power gain = current gain x voltage gain = (current gain)* x resistance gain 

O Digital signal. A signal which has only two levels of voltage. A digital signal does not vary continuously with time 
as in case of a analogue signal. The two levels of a digital signal are represented as 0 and 1. 

0 Logic gate. A digital circuit, which works according to some logical relationship between input and output voltages is called a 
logic gate. 

O Truth table. It is a table, which shows all possible input combinations and the corresponding output combination for a logic 
gate. Truth table is also called table of combinations. R 

O Boolean algebra. The algebra based on the binary nature of logic (either true or false) is called Boolean algebra. 


: NG ia Hae o oer A Ses he tia ca ey eS Es 
(a) The addition sign (+) implies OR. The Boolean expression, 
y =A+B implies y equals A OR B. 

(b) The multiplication sign (.) implies AND. The Boolean expression, 
y = A.B implies y equals A AND B. 
(c) The bar sign (-) implies NOT. The Boolean expression, 
y = Aimplies y equals NOT A i 
0 The OR gate. It is a digital circuit having two inputs and one output. 
Its Boolean expression is y = A + B. The symbol and truth table of OR gate are as given below : 


A B 
A 
y 
B 


Serta 
0 The AND gate. It is also a digital circuit having two inputs and one output. 
Its Boolean expression is y = A.B. The symbol and truth table of AND gate are as given below : 


A 
y 0 
6 0 

1 


O The NOT gate. It is a digital circuit having one input and one output. 


(Ome 
orl 
baie 3 


Its Boolean expression is y = A. The symbol and truth table of NOT gate are as given below : 


A|y 
A y Ovelest 
110 
Some Useful Facts : 


1. A potential difference of about 0-7 V is produced across the p-1 junction due to diffusion of holes and electrons across 
it. It results in a very strong electric field of the order of 10° V mr!. 

2. During forward bias, the resistance of the junction diode is low and during reverse bias, the junction diode possesses 
very high resistance. 

3. When reverse bias is made sufficiently high, the reverse current increases abruptly due to breaking of covalent bonds 
near the junction. This phenomenon is called avalanche breakdown and is used in Zener diodes. 

4. Ina transistor, emitter is always forward biased and collector is always reverse biased. 

5. The logic gates are used to perform switching action i.e. either on (or yes) or off (or no). 


$:FROM COMPETITIVE EXAMINATIONS = 
Chapter 1. Solids 


oh Peet oT 


Problem 1.01. A doped semiconductor has impurity (b) Here, k T = 40 meV = 40 x 107 3 eV 
levels 40 meV (millielectron volt) below the conduction 3 be 
band. (a) Is the material n-type or p-type ? (b) Ina thermal ee 40x10" _ a0 464 K 
collision, an amount of energy k T is given to the extra k 8-62X 10-° 
electron loosely bound to the impurity ion and this Problem 1.02. A p-type semiconductor has acceptor 


electron is just able to jump into the conduction band. 
Calculate the temperature T. 
Given, Boltzmann’s constant, k = 8-62 x 10 eV K-14. 
Sol. (a) In a semiconductor, the forbidden energy gap 


energy levels 54 meV (millielectron volt) above the valence 
band. Find the maximum wavelength of the radiation, 
which can create a hole ? 


between valence and conduction bands is of the order of Sol. Energy required to create a hole 

1 eV. Since in the doped semiconductor, energy gap is much = energy required to transfer an electron 

smaller (40 meV), the impurity levels in the doped from valence to conduction band 
semiconductor corresponds to donor energy level. Hence, the = 54 meV =54 x 103 eV =54 x 10-3 x 16x 10719J 


doped semiconductor is of n-type. 


If A is the wavelength of the radiation, which can create 
a hole, then 


= 54x 1073 x 1-6 x 10719 
he 
54x 107° x1-6x10~/? 


—34 8 
oe eee sel Oy 4 er Galen 
54x 107° x 1-6 x 10 

Problem 1.03. Energy of the photon of sodium light of 
wavelength 5890 A equals the energy gap between valence 
and conduction band of a semiconductor. 

(a) Find the minimum energy E required to create a 
hole-electron pair. 


or A= 


Chapter 2. Semiconductor devices 


Problem 2.01. A potential barrier of 0-6 V exists across 

\ a p-n junction. (a) If the depletion region is 6 x 10-7 m 

\wide, what is the intensity of the electric field in this 

egion ? (b) An electron with speed 5 x 10° m s~! 

approaches the p-n junction from the n-region. With what 
speed will it enter the p-region ? 

Sol. (a) Here, barrier voltage, V = 0-6 V 

and width of depletion region, d = 6 x 10-7 m 

Therefore, electric field in the depletion region, 

Vv 0-6 
d 6x10? 

(b) Let u be the velocity of electron, with which it enters 
the depletion region and v be the velocity, with which it leaves 
the depletion region. The barrier voltage across the depletion 
region acts on the electon, so as to decrease its energy, say by 
an amount V e. Therefore, 

2Ve 
m 


1 
eae ake ened or rs oo 
2 2 


2x 0-6 x 146x107!” 
9-1x 10%! 
=25 x 104-2-1 x 10! =0-4 x 101 
or v=2x10ms 
Problem 2.02. What is the input voltage needed to 
maintain 15 V across the load resistance R, of 2 kQ, 
assuming that the series resistance R is 200 Q and the Zener 


diode requires a minimum current of 10 mA to work 
satisfactorily [Fig. 2.01]. What is the Zener rating requried ? 


or v2 =(5X 10°)? — 


R [ I, Vv 
Vin t 


Re 


Fig. 2.01 
Sol. Here, R = 200 Q, Ry =2kQ =2 x 10° Q, 
IZ = 10 mA= 10x 10° Aand V, = 15 V 


Given, Boltzmann’s constant, k = 1.38 x 107 23 y Kt. 
Sol. (a) The minimum energy required to create a hole- 
electron pair, 
E = energy gap between valence and conduction band 
= energy of sodium light of wavelength 5890 A 
We \ 6622 10~* x 3 x 108 
A 5890 x 1071 
3372x102? 
16x10? 
oh 13-372 R10 


(b) Ne Wii aortic ee 
kT 1-38x 10°“ x 400 


= 3-372.x 10-19] 
=2-11eV 
= 61-1 


’ 


Let I be current through the series resistance. Current 
through the load resistance is given by 
V 1 a 
A 5 =75x107° A=75mA 
Bi seo ae) 

If I7 is current through Zener diode, then current 
through series resistance, 

I=I,+],=10+75=175 mA 
Now, 


I, = 


Vin = potential drop across R + V;_ 
=IxR+V, =17-5.x 10 x 200+ 15 
=3-5+15=18-5V 

Since V7 is always equal to V,, break down voltage of 
Zener diode should be 15 V and its current rating should be 
17-5 mA. 

Problem 2.03. In ap-n-p transistor circuit, the collector 
current is 10 mA. If 90% of the holes reach the collector, find 
emitter and base currents. 21-1992) 

Sol. Since 90% of the holes reach the collector, 


ie eve. =0:91, 
100 
I 1 
or I,=— sobre al iat 
0-9 0-9 


Also, 1,=1,-I,=11-1-10=11mA 

Problem 2.04. A n-p-n transistor is connected in 
common emitter configuration in which collector supply is 
8 V and the voltage drop across the load resistance of 
800 Q connected in the collector circuit is 0-8 V. If current 
amplification factor a is 25/26 , determine collector-emitter 
voltage and base current. If the input resistance of the 
transistor is 200 2, calculate the voltage gain and power 
gain. (Roorkee, 1994) 

Sol. Fig. 2.02 shows an n-p-n transistor in common- 
emitter configuration. I 


I, 


INPUT 
SIGNAL 


Fig. 2.02. 


~ Here, collector supply, V,, = 8 V ; 
load resistance, R;, = 800 Q. 
and voltage drop across load resistance, I, R, =0:8V 
Now, collector-emitter voltage is given by 
Nee ¥ poke Rp 8-0-0:8=7:2 V 
Now, |. Ry =0:8V . 


I _ 0:8 0°8 19-3 A=1mA 


“ Ry, 800 
Now, current amplification factor, 
I 
Ly 220 
26 26 
1,=—xXIp=—xX1=1:04mA 
25 25 


Also, base current, 
Lebetly= 104 t= 0-04 mA 
The current gain of the transistor in common-emitter 
nfiguration, 
B= Brinrdig Qo 2Orivy 
la 1— 25726 

Now, input voltage, = I, x input resistance 

= 0-04 x 10-3 x 200 =8 x 10° V 

Since output voltage = I, Ry = 0:8 V, 


output voltage _ —_—08 


- Age PERY =100 
input voltage 8x10— 


voltage gain = 

Also, power gain = f x voltage gain 

= 25 x 100 = 2500 
Problem 2.05. An amplifier is represented by the 
rcuit shown in Fig. 2.03. Here, R;,, is the input resistance 


Fig. 2.03 
»f the amplifier and V,,, the voltage appearing across it. 
This voltage is amplified by a factor of A,,and appears 
scross the load as voltage V,. An external voltage V, is 
applied at the input terminals of the amplifier via series 


~~ 


V 
resistor R,. What will be the apparent gainA,’= as of the 
s 


amplifier ? Express the gain in terms of A,, R, and R;,,. 


Sol. Let I,,, be the input current. Then, 


Vs 
Ti RyRy 
s in 
V. 
Vi, =i, X Rin = Ri 
in in in bsg ee in 


Since input voltage is amplified by a factor A,,, the 
voltage appearing across load, 


V, Rj 
Vise: Aigersi ipa athlon ayaa 
arta 
Hence, apparent voltage gain, 


V, V.-R; R, 
Vs R, +Rin " R, + Rin 
Problem 2.06. The Boolean expression fora logic circuit 
is given by 
y=(A+B).A.B 
(a) Find the output y, if the inputs are A=0,B=0; 
A=1,B=0;A=0, B=1and A =1,B=1. 
(b) Identify, which basic gate is represented by the 
given Boolean expression. 


Sol. (a) Here, y=(A +B). A.B 


For A=0,B=0: 
y=(0+0).0.0=(1+1).0.0=1.0.0=0.0.0=0 
FonA = 1, B=0k 
y=(1+0).1,0=(0+1),1.0=1.0.0=0.1.0—0 
For A=0,B=1: 
y=(0+1).0.1=(1+0).0.1=1.0.1=0.0.150 
For'A =1,B=1: 


y=(1+1).1.1=(O+0).19=0.1-1=1-1151 
(b) The truth table of the logic circuit represented by the 
given Boolean expression is 


It is the truth table of AND gate. 
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11. 


12. 


13. 


Which of the following is not a property of a crystalline 
substance ? 
(A) Sharp melting point. 
(B) Bounded by flat surfaces. 
(C) Isotropic. 
(D) Long range order. 
Which property makes the crystalline solids to have sharp 
melting points ? 
(A) Equal strength of all the interatomic bonds. 
(B) Anisotropic. 
(C) Long range order. 
(D) none of the above. 
Polycrystals 
(A) are in fact amorphous in nature. 
(B) have orderly arrangement throughout their bodies. 
(C) donot have orderly arrangement throughout their 
bodies. 
(D) none of the above. 
If there are 4 atoms per unit cell in a solid, the crystal is 
(A) tetragonal (B)_ simple cubic 
(C) body-centred cubic (D) face-centred cubic 
(CEST, 1999) 
Co-ordination number means 
(A) the co-ordinates of an atom in crystal lattice. 
(B) atoms per unit cell. 
(C) atoms per unit volume. 
(D) closest neighbouring atoms to a particular atom. 
For an FCC unit cell, the ratio of the radius of atoms to 
lattice parameter is 


(A) 1:2 (B) 1:22 

(C) 2:1 (D) 1:4 (C.E.T. 1998) 
The number of atoms per unit cell in BCC lattice is 

(A) 1 (B) 2 

(C) 4 (D) 9 (C.B.S.E. 2002) 


In BCC structure of lattice constant a, the minimum 
distance between atoms is : 


(A) J/3.a/2 (B) J2a 
(C) a/V2 (D) 2/2 (C.B.S.E. 2001) 


Sodium has body centred packing. If the distance between 
two nearest atoms is 3-7 A , then lattice parameter is 


(A) 483A (B) 43A 

(Cc) 39A (D) 3:3A (C.B.S.E. 1999) 
The type of bonds in a silicon crystal is 

(A) ionic (B) metallic 


(D) vander Waals 

(Karnataka Entrance, 1991) 
Which of the following is not a semiconductor ? 
(A) germanium (B) silicon 
(C) arsenic (D) all of these. (A.EM.C. 1997) 
In a semiconductor, the forbidden energy gap between the 
valence band and the conduction band is of the order of 
(A) 1 MeV (B) 0-1 MeV 
(C) leV (D) 5eV (C.B.S.E. 1988) 
The main difference between conductors, semiconductors 
and insulators is because of 
(A) work function. 
(B) binding energy of electrons. 
(C) width of forbidden energy gap. 
(D) mobality of electrons. 


(C) covalent 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 
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23. 
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In an insulator, the forbidden energy gap between th 
valence band and conduction band is of the order of 
(A) 5eV (B) 1eV 

(C) 2 MeV (D) 10%eV (C.E.T. 1998 
When the conductivity of a semiconductor is only due t 
breaking of the covalent bands, the semiconductor is calle 
(A) donor. (B) acceptor. 

(C) intrinsic. (D) extrinsic. 

If N is Avagadro number, M is atomic weight and p, th 
density, the number of free electrons per unit volume of 
monovalent metallic crystal can be expressed as 

(A) p N/M (B) N/pM 

(C) MN/p (D) p M/N (C.B.S.E. 1990 
A small impurity is added to germanium to get p-typ 
semiconductor. This impurity is a 

(A) trivalent substance. 

(B) pentavalent substance. 

(C) bivalent substance. 

(D) monovalent substance. (A.LILM.S. 1992 
To obtain a p-type germanium semiconductor, it must b 


doped with 
(A) arsenic (B) antimony 
(C) indium (D) phosphorus. 
(C.B.S.E. 1997 


The impurity atoms with which pure silicon should b: 
doped to make a p-type semiconductor are those of 
(A) phosphorus (B) boron 
(C) antimony (D) aluminium 

(C.E.T. 1998 ; LT. 1988 
When arsenic is added as an impurity to silicon, th 
resulting material is 
(A) n-type semiconductor. 
(B) p-type semiconductor. 
(C) n-type conductor. (D) none of these. 

(C.B.S.E. 1996 

When Ge crystal is doped with phosphorus atoms, then i 
becomes 
(A) insulator 
(C) n-type 


(B) p-type 
(D) superconductor. 

(A.E.M.C. 1995 
A p-type semiconductor is 
(A) a silicon crystal doped with arsenic impurity. 
(B) a silicon crystal doped with aluminium impurity. 
(C) a germanium crystal doped with boron impurity. 
(D) a germanium crystal doped with phosphorus impurity 

(N.C.E.R.T. 1979 

An n-type and a p-type silicon can be obtained by doping 
pure silicon with 
(A) sodium and magnesium respectively. 
(B) phosphorus and boron respectively. 
(C) boron and phosphorus respectively. 
(D) indium and sodium respectively. 
Holes are charge carriers in 
(A) intrinsic semiconductors. 
(B) ionic solids. 
(C) p-type semiconductors. 
(D) metals. (LT. 1996) 
In a p-type semiconductor, the majority carriers of current 
are : 
(A) holes (B) electrons 
(C) protons (D) neutrons. 
An n-type semiconductor is 
(A) negatively charged. (B) positively charged. 


(C.E.T. 1991) 


(C.B.S.E. 1999) 


8. 


negatively or positively charged depending upon the 
amount of impurity. (A.EM.C. 1988) 
A semiconductor is known to have an electron concentra- 


tion of 8 x 10 cm™ and hole concentration of 5 x 102 cm. 


(D) 


The semiconductor is , 33. 
(A) n-type. (B) p-type: 
(C) intrinsic. (D) insulator. 


The temperature coefficient of resistance of a semicon- 
ductor 

(A) is always positive. 
(C) is zero. 

(D) may be positive or negative or zero. 


(B) is always negative. 
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The volume of atoms to the volume of unit cell is called 
(A) packing fraction. 

(B) packing coefficient. 

(C) co-ordination number. 

(D) lattice parameter. 

The valence electron in alkali metal is a 
(A) f-electron (B) p-electron 
(C) s-electron (D) d-electron © (C.B.S.E. 1990) 
The electronic configuration for a noble gas is 


(A) 1s? 2s? 2p® (B) 1s? 2s* 2p? 


(C) 1s? 252 2p 3p6 4s? (D)_ 1s? 2s? (C.B.S.E. 1993) 


34. 


(A.E.M.C. 1995) 35. 


In a good conductor, the energy gap between the 
conduction band and the valence band is 
(A) infinity. (B) wide. 
(C) narrow. (D) zero. 
(Karnataka Entrance, 1993) 

When a semiconductor is heated, 
(A) number of electrons increases, while that of holes 
decreases. 
number of holes increases, while that of electrons 
decreases. 
number of electrons and holes remains same. 
number of electrons and holes increases equally. 

(Pre-Medical/Dental 1993) 
Doping of a semiconductor (with small traces of impurity 
atoms) generally changes the resistivity as follows : 
(A) Decreases. 
(B) Does not alter. 
(C) May increase or decrease depending on the dopant. 
(D) Increases. (Karnataka Entrance, 1994) 
The mobility of conduction electrons is greater than that 
of holes. It is because, 
(A) electrons are negatively charged. 
(B) electrons are lighter 
(C) electrons experience a lesser number of collisions. 
(D) drift velocity acquired per unit electric field is greater 

for electrons. 


(B) 


(C) 
(D) 
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The depletion layer in the p-n junction region is caused by 
(A) diffusion of carriers. 

(B) drift of electrons. 

(C) drift of holes. 

(D) migration of impurity ions. (Pre-Medical/Dental 1994) 
The cause of the potential barrier in a p-n junction diode 
is: 


(A) depletion of positive charges near the junction. 9. 


(B) concentration of positive charges near the junction. 
(C) depletion of negative charges near the junction. 
(D) concentration of positive and negative charges near the 


junction. (C.B.S.E. 1998) 
The potential barrier in the depletion layer is due to 10. 
(A) ions (B) holes 
(C) electrons (D) forbidden gap. 

(B.H.U. 1999) 

The barrier potential of a silicon diode at room temperature 
is 
(A) 03V (B) 0-7 V 
(C) 1V (D) 2mV (C.E.T. 1998) 
A p-n junction has a thickness of the order of tte 
(A) 1cm (B) 1mm 
(C) 10°cm (D) 10° cm (B.LT. 1990) 


Diffusion of free electrons across the junction of an 
unbiased diode produces 
(A) forward bias 

(C) breakdown 


(B) reverse bias 
(D) depletion layer. 
(C.E.T. 1998) 


Which of the following statements is not true ? 12. 


The resistance of intrinsic semiconductors decreases 
with increase of temperature. 

Doping pure Si with trivalent impurities gives p-type 
semiconductors. 

The majority carriers in n-type semiconductors are 


(A) 
(B) 
(C) 


holes. 13. 


(D) A p-n junction can act as a semiconductor diode. 
(L.1.T. 1997) 


A semiconducting device is connected in a series circuit 
with a battery and a resistance. A current is found to pass 
through the circuit. The polarity of the battery is reversed, 
then the current drops to almost zero. The device may be 
a/an 

(A) p-n junction. 

(B) intrinsic semiconductor. 

(C) p-type semiconductor. 

(D) n-type semiconductor. (C.B.S.E. 1998) 
In forward bias, the width of depletion layer in a p-n 
junction 

(A) decreases. 
(C) increases. 


(B) remains unchanged. 
(D) first (A) and then (C) 
(C.B.S.E. 1999) 

In a p-n junction, the hole current due to drift of charges 

is from 

(A) n-section to p-section. 

(B) p-section to n-section. 

(C) n-section to p-section, if the junction is forward biased 

and in the opposite direction, if it is reverse biased. 

p-section to n-section, if the junction is forward biased 

and in the opposite direction, if it is reverse biased. 

In a p-n junction, the hole current due to diffusion of 

charges is from 

(A) n-section to p-section. 

(B) p-section to n-section. 

(C) n-section to p-section, if the junction is forward biased 
and in the opposite direction, if it is reverse biased. 

(D) p-section to n-section, if the junction is forward biased 
and in the opposite direction, if it is reverse biased. 

In a p-n junction, diffusion current is greater than the drift 

current (in magnitude), 

(A) if the junction is forward biased. 

(B) if the junction is reverse biased. 

(C) if the junction is unbiased. 

(D) cannot be predicted. 

For conduction of a p-n junction, the biasing is 

(A) high potential on n-side and low potential on p-side 

(B) high potential on p-side and low potential cn n-side 


(D) 
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18. 


19. 


20. 


(©) same potential on p and n sides 


(D) undetermined. (C.B.S.E. 2002) 
When we apply reverse bias to a junction diode, it 

(A) lowers the potential barrier. 

(B) raises the potential barrier. 

(C) increases the majority carrier current. 

(D) decreases the majority carrier current. (C.E.T. 1991) 
In case of p-n junction diode at high value of reverse bias, 
the current rises sharply. The value of reverse bias is 
known as 

(A) cut off voltage. 

(C) inverse voltage. 


(B) Zener voltage. 
(D) critical voltage. 
(C-E.T. 1991) 
In a p-n junction diode not connected to any circuit, 
(A) the potential is same everywhere. 
(B) the p-type side is at a higher potential than the n-type 
side. 
(C) there is an electric field at the junction directed from the 
n-type side to the p-type side. 
(D) there is an electric field at the junction directed from the 
p-type side to the n-type side. (LLT. 1998) 
In the case of forward biasing of p-n junction, which one 
of the following figures correctly depicits the direction of 
flow of carriers ? 


P n 


(C) (D) 


(C.B.S.E. 1995 ; A.EM.C. 1995) 
A p-n-junction diode can be used as : 
(A) rectifier. (B) modulator 
(C) demodulator (D) amplifier. 

(C.B.S,E.. 1999 ; A.EM.C. 1997) 
A full-wave rectifier circuit along with the output is shown 
in the figure. The contribution from the diode 1 is (are) 


INPUT 


an VAVEVOVN 
ay t eg 
Nee OUTPUT 
(A) C (B) A,C 
(C) B,D (D) A,B,C,D (LL.T. 1996) 


The part of a transistor which is heavily doped to produce 

a large number of majority is called 

(A) emitter. (B) base. 

(C) collector. 

(D) any one out of emitter, base and collector. 
(Pre-Medical/Dental, 1993) 
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When n-p-n transistor is used as an amplifier, then 
(A) electrons move from base to collector. 
(B) holes move from emitter to base. 
(C) electrons move from collector to base. / 
(D) holes move from base to emitter. (C.B.S.E. 199 
To use a transistor as an amplifier (common-bas 
configuration), 
(A) both junctions are forward biased. 
(B) both junctions are reverse biased. 
(C) the emitter-base junction is forward biased and bas 
collector junction is reverse biased. 
no biasing voltages are required. 

(Pre-Medical/Dental ,199- 
In acommon-base amplifier, the phase difference betwee 
the input signal voltage and the output voltage (acros 
collector and base) is 
(A) 0 (B) 2/4 
(C) 2/2 (D) x (C.B.S.E. 199¢ 
For a transistor, the current amplification factor is 0-8. Th 
transistor is connected in common-emitter configuratiot 
The change in collector current, when the base currer 


(D) 


changes by 6 mA is 
(A) 48 mA (B) 6mA 
(C) 8mA (D) 24mA (CE. 1997 


For a transistor I, / I, = 0-96. The current gain in commo 
emitter configuration is 

(A) 6 (B) 12 

(C) 24 (D) 48 (C.B.S.E. 2002 
In a common-base configuration of a transistorm AI. /AI 
= 0-98. Then current gain in common-emitter configuratio: 
of transistor will be 

(A) 49 (B) 98 

(C) 49 (D) 24-5 (C.B.S.E. 2001 
In n-p-n transistor circuit, the collector current is 10 mA 
If 90% of the electrons emitted reach the collector, 

(A) the emitter current will be 9 mA. 

(B) the emitter current will be 11 mA. 

(C) the base current will be 1 mA. 

(D) the base current will be 0-1 mA. (LLT. 1992 
Ifa and are current gains in common-base and common 
emitter configurations of a transistor, then f is equal to 
(A) 1/a (B) a/(1+a) 

(C) a/(-a) (D) a-1/a (C.B.S.E. 2000 
The current relationship between the two current gain 
a and f in a transistor is 


a a 

ia Tes a alea 

(C) nora aa wy @="*8 CRse 1997 
ee : 'B.S.E. 1997 


The current gain# of a transistor is 50. The input resistance 
of the transistor, when used in the common emitte 
configuration, is 1 kQ. The peak value of the collector a.c 
current for an a.c. peak input voltage of 0-01 V is 
(A) 100 vA (B) 250 vA 
(C) 500 wA (D) 800 vA (GB Sie, 1999) 
A transistor is preferred to a triode valve, because it 
(A) can withstand larger changes in temperature. 
(B) has a higher input impedance. 
(C) can handle large powers. 
(D) does not require a heater. 

(C.P.M.T. 1986 ; N.C.E.R.T. 1978) 


The adjoining truth table represents 


32. Which of the following represents the digital signal : 
(A) AND gate 


t t (B) NOR gate 
V 3 V (C) OR gate 
; Ley (D) NAND gate 
(A) (B) (C.B.S.E. 2000) 
f t 43. When a potential difference is applied across, the current 
Vv (BES Vv ae passing through 
(A) an insulator at 0 K is zero. 
(C) (D) (B) asemiconductor at 0 K is Zero. 
33. In the bin umber system, 111 t (C) a metal at 0 K is finite. 
(A) one. melt phot i ae 2 (D) ap-n diode at 300 K is finite, if it is reverse biased. 
(C) seven. (D) one hundred and eleven. : : ‘ : 3 bac ictal 
34, Boolean algebra is essentially based on 44. The identical p-n junction may be connected in series with 
(A) logic (B) truth a battery in three ways as shown in the circuits given 
(C)_ numbers (D) symbol (A.LI.M.S. 1999) below. The potential drops across the two p-n junctions are 
35. In Boolean algebra, y = A + B implies : Sheers Pl AI ri] 


(A) y equals A or B. 
(B) y equals sum of Aand B. 
(C) y equals neither A nor B. 
(D) y equals A and B. 
36. In Boolean algebra, y = A .B implies 
(A) yequals AandB. (B) y equal A or B. 
(C) y equals product of Aand B . 


(i) 


(A) circuit (i) only. 


(D) y equals neither A nor B.- . (B) circuits (i) and (ii) 

37. In Boolean algebra, y= A implies (C) circuits (ii) and (iii) (ii) 
(A) y equals A. (D) circuits (i) and (iii). 
(B) y is not equal to A. (A.F.M.C. 1997) 
(C) y is equal to — A. 45. In which of the following figures, junction diode is 
(D) none of the above. forward biased ? 


38. The symbol shown in the adjoining figure represents 


A 
(A) (B) 


B 
(A) NOT gate (B) OR gate -2v-—_>—-ov 2 v-—_ p> —5v 
(C) AND gate (D) NOR gate (C.B.S.E. 1996) (C) (D) 
39. A truth table is given below. Which of the following has 
this type of truth table ? (C.B.S.E. 2000) 


46. Whena p-n junction diode is forward-biased, the flow of 
current across the junction is mainly due to 
(A) drift of charges. 
(C) AND gate (B) diffusion of charges. 
(D) OR gate (C)_ both drift and diffusion of charges. 
(C.B.S.E. 1996) (D) depends on the nature of the material. 
(Pre-Medical/Dental, 1994) 
47. Whena p-n junction diodie is reverse-biased, the flow of 
current across the junction is mainly due to 


(A) XOR gate 
(B) NOR gate 


40. In the truth table given below, A and B are inputs and Y, 
the output. Which of the following has this type of truth 


table ? (A) diffusion of charges. 
(A) AND gate. (B) drift of charges. 
(B) NOR gate. (C) both drift and diffusion of pedis 
(D) depends upon the nature of the material. 
Sleae  eaee. tas: (CELT. 1999) 
(D) XOR gate. 48. Two identical capacitors each of capacitance C are charged 
(C.E.T. 1999 ; C.B.S.E. 1997) to the same potential V and are used to forward and reverse 
41. Which of the following gates corresponds to the truth table bias two identical junction diodes as shown in figures. 


Cc 


given below : 
(A) NAND 
(B) AND 
(C) XOR 
(D) OR 


(C.B.S.E. 2002, 2001, 1998, 1994 ; A.F-M.C. 1995) 


49. 


ie 


52. 


The charges on the two cap 
(A) @CV@CV (B) (i) CV/e (i) CV 

(C) @CV@CV/e (DD) @CV/e fi) C V/e 

Here, e = 2-718 is mathematical constant. 

For a given circuit of ideal p-n junction diode, which of the 
following is correct ? 


R 


Vv 
(A) In forward biasibng, the voltage across R is V. 
(B) In reverse biasing, the voltage across R is V. 
(C) In forward biasing, the voltage across R is 2 V. 


(D) In reverse biasing , the voltage across R is 2 V. 
(C.B.S.E. 2002) 


The diode used in the circuit shown in figure has a constant 
voltage drop at 0-5 volt at all currents and a maximum 
power rating of 100 mW. What should be the value of the 
resistor R connected in series to the dioide for obtaining 
maximum current ? 


O5V 
(A) 52 R 
(B) 5-6Q 
(C) 6-762 
(D) 102 Pee 
(C.B.S.E. 1997) 


If internal resistance of cell is negligible, then current 
flowing through the cell is : 


(A) 0:06 A 
(B) 0-1A 
(C) 0-08 A 
(D) 0-02 A 


(C.B.S.E. 2001) 5V 


The circuit shown in the figure contains two diodes each 
with a forward resistance of 50 2 and with infinite 
backward resistance. If the battery voltage is 6 V, the 
current through the 100 © resistance (in ampere) is 


(A) zero 
(B) 0-02 
(C) 0-03 
(D) 0-036. 


(LLT. 1996) 
In which of the configurations of a transistor, the voltage 
gain is highest ? 
(A) Common-base. (B) Common-emitter. 
(C) Common-collector. (D) Same in all the three. 
In which of the configurations of a transistor, the power 
gain is highest ? 
(A) Common-base. (B) Common-emitter. 
(C) Common-collector. (D) Same in all the three. 


56. 


S¥E 


59. 


60. 


61. 


62. 


(A) the base-emitter junction is forward-biased. 
(B) the base-emitter junction is reverse-biased. 
(C) the input signal is connected in series with the volte 
applied to bias the base-emitter junction. 
(D) the input signal is connected in series with the volte 
applied to bias the base-collector junction. 
(LLT. 19: 
In the circuit shown in the figure, the transistor used 
a current gain # = 100. What should be the bias resistor I 
so that V,, = 5 V. (Neglect V,,,). 


(A) 200 10-3 Q 
(B) 10°Q 


(C) 500 Q 


(D) 2x 10°Q 


(Pre-Medical/Dental, 19! 
An oscillator is an amplifier with 


(A) a large gain. (B) negative feedback. 
(C) positive feedback. (D) no feedback. 

(C.B.S.E. 1995 ; Pre-Medical/Dental, 19: 
The output of the following logic circuit is 


A y 
y 
B 
(A) y=A+B (B) y=A+B 
(C) y=AB (D) y=A.B 


The combination of the two basic gates shown in MCQ. 
represents 

(A) NAND gate. (B) NOR gate. 

(C) NOT gate. (D) XOR gate. 

The output of the following logic circuit is 


A y’ 
y 
B 
(A) y=A+B (B) y=A+B 
(C) y=A.B (D) y=A.B 


The combination of the two basic gates shown in MCQ. 
represents 

(A) NAND gate. (B) NOR gate. 

(C) NOT gate. (D) XOR gate. 

Which of the following gates will have an output of 1 
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hapter1. Solids 

eee Ce 2. (A) 3.4%) 4. 
1 ©) 12." (C) 13. (C) 14. 
21° (C) 22. (B&C) 23. (B) 24. 
31. (A) 32. (D) 33. (D) 34. 
hapter 2. Semiconductor devices 
1. (A) bd 3. (A) 4. 
41> (b) 12. (A) 13. (B) 14. 
21. (A) 92: 4G) 23. (A) 24. 
31. (D) 32. (D) 33. (C) 34. 
41. (A) 42. (A) 43. (A,B &D) 
50. (A) 51. (B) 52. (B) 53. 
60. (C) 61. (A) 62. (D) 63. 


(D) 5. (D) 
(A) 15. (C) 
(A &C) 25. (A) 
(A) 35. (D) 
(B) Bs .(C) 
(B) 15. (B) 
(D) zo. {C) 
(A) 35. (A) 

44. (C) 
(B) 54. (B) 
(A) 64. (A) 


6. (B) Fi 
16. (A) 17. 
26. (C) 27, 

6. (D) de 
16. (©) iW, 
26. (A) 27 
36. (A) 37 
45. (B) 46. 
55. (A & ©)56. 


(B) 8. 
(A) 18. 
- (A). 28. 
(C) 8. 
A) eel: 
. (B&O©)28. 
BUS REE 
(B) 47. 
CA) aor. 


(B) 2 
(D) 4 


(B.H.U. 1997) 


. (B) 10. 
. (B&D) 20. 
. (A) 30. 

(A) 10. 
. (Bor ©) 20. 
. (B&O) 30. 
. (B) 40. 
. (B) 49. 
. (A) 59. 


AND gates are required to form NAND gate ? 


(C) 
(A) 
(C) 


(A) 
(A) 
(C) 
(B) 
(A) 
(B) 
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| Analog and Digital Communication 
4+ Space Communication 
2y) Line Communication 


| think there’s a world market for about five computers.” 
— Thomas Watson (Founder of IBM) 
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8 1.01. INTRODUCTION 
In the early days, people used to send messages through trained pigeons. 


Towever, this mean of communication was not reliable. So that general masses could 
ommunicate with one and another, a messanger called harkara used to pass through 
arious towns and people used to receive the messages sent by their friends and 
elatives from him or could deliver the messages to him. One will appreciate that 
s such, a messanger would require a lot of time to cover the distance between two 
lestinations and will get fatigued. Therefore, this method also proved to be quite 
mpracticable. As a remedy, the messanger was provided a horse so that he could 
nove between two destinations quite swiftly. Thus, providing a horse to the 
nessanger, the task of communication became much easier and quicker. As a matter 
f fact, this method overcame the problem of sending the messages from one place 
o other only to some extent. However, it laid the foundation of modern methods 
f communication. With the advent of elctronics, the messages in the form of electric 
ignals are made to sit on high frequency carrier waves (in place of putting a man 
mn the back of the horse) and the person at the other end can pick the message with 
he help of some electronic gadget. This mean of communication is known as 
adioacommunication and is used to send and receive the messages in the form of 
nalog signals. With the advancement of technology, analog communication systems 
re being replaced by digital communication systems. Before making a study (in 
rinciple) of analog and digital communication systems, it is worthwhile to have 
ust an overview of them. 

Analog communication systems. The communication systems, which make use 
f analog signals, are called analog communication systems. 

A few of them are as given below : 

1. Telegraphy. It was used for sending electric signals in the form of a code (dots 
nd dashes). Now, optical and audible coded signals can be sent over large distances. 
‘he telegraph messages can also be sent through radiowaves, microwaves and 
rtificial satellites. 

2. Telephony. It enables to send voice signals from one place to another by means 
yf wires. In the recent past, it was made more reliable by making use of microwaves 
nd communication satellites. The use of optical fibres in this field has totally 
evolutionised it. 

3. Radio network. This system makes use of radiowaves for broadcasting 
peech and music. The long distance transmission of audio signal is achieved by 
nixing (modulating) it with radiowaves of high frequency. 

4. Radar. It is contraction of Radio detection and ranging. It is an electronic 
ystem used for determining the distance (range) and direction of objects using 
nicrowaves. 

5. Television network. It is an electronic system that transmits and receives 
risual images and sound using very-high frequency (VHF) or ultra-high frequency 
UHF) radiowaves. 

6. Teleprinting. It is a system, which makes use of a machine similar to a 
ypewriter, on which messages can be typed and telegraphed to distant receivers. 
t can print out the incoming messages also. 

7. Telex. It is contraction of Teletype writer exchange service. Telex* is a 
elegraphic system using telephone lines through which direct current pulses 
epresenting characters typed on a typewriter are sent. 


*Tt has been superseded by the FAX machine. . 
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Digital communication systems. The communication systems, which make use of 
digital signals, are called digital communication systems. 

The following are a few such latest systems : 

1. Fax. It is used for facsimile transmission and receiving of texts (documents), 
photographs, etc. 

2. Mobile telephone network. It enables to make use of a portable (mobile) 
telephone. Such telephones are also called cellular phones, because they operate 
within a network of radiocells. The first generation mobile phones operated with 
analog signals. The mobile phones, which are presently in use, operate with digital 
signals and are called second generation mobile phones. 

3. Electronic mail (e-mail). The messages sent via a computer network are 
called e-mails. The messages produced using word processing programs are 
transmitted over the world-wide network, called internet and they get stored in a 
computer, called a mail server. Anyone connected to the internet can contact the mail 
server to check, whether it is holding mail for him/her. 

4. Teleconferencing. It is a system in which persons sitting at coloured television 
screens see and talk to each other via a computer-communication network. It saves 
travelling cost as well as the time that would otherwise be lost in journey. 

5. Telemetry. It is a system of transmitting data (usually measurements) from 
a spacecraft to earth using radiowaves. 

6. Communication satellites. They are used to relay radio and television 
programs. They have proved of immense use in the field of telecommunication and 
for sending data signals from one part of the earth to another. 

7. Global positioning system (GPS). It is a navigation system based on a 
network of earth-orbiting satellites. The users can find their positions within an 
accuracy of 100 m by receiving signal from the satellite. A user needs to be within 
the range of four satellites (out of 24 satellites orbiting the earth). 


mae 1.02. COMMUNICATION SYSTEM 

The exchange of information between a sender and a receiver is called communication 
and the setup used to achieve this task is called a communication system. 

In principle, a communication system consists of following three main parts : 

1. Transmitter 

2. Communication channel 

3. Receiver 

In order to familarise ourselves with the three parts of a communication system, 
consider that two persons A and B are communicating with each other in the 
following three situations : 

(a) At first instance, suppose that the two persons are so close that they can 
communicate directly with each other. Then, the speaker (say person A) is acting 
as transmitter and the listener (the other person B) as the receiver. The air, through 
which sound waves travel from the speaker to the listener plays the role of 
communication channel. The communication channel is also called transmission 
medium or link. 

(b) Now, assume that the two persons are separated by a distance of several 
kilometres and it is not possible for them to communicate directly. One of the possible 
ways is to connect the transmitter and the receiver with the help of wires as is done 
in telephone as a communication system. The signal in the form of sound waves is 
converted into electrical pulses with a microphone, which then travel along the long 
wires. The signal in the form of electrical pulses is converted back into sound waves 
with the help of a loud speaker. Both the microphone and the loudspeaker are said 
to act as transducers (device that converts energy in one form to another). Thus, in 
this mode of communication, information is not exchanged in its original form 
between the speaker and the listener. The transmitter performs the job of transducer 
before sending the information to the receiver. Similarly, the receiver also 
accomplishes the job of transducer before making the information reach the listener. 

(c) Let us now consider that the two persons are separated by a very large 
distance, say more than several thousand kilometres so that it is not possible to 


onnect the transmitter and receiver with long wires. In such a situation, the two 
yersons can exchange information between them through radio communication 
wireless communication). The sound signal is converted into electrical signal with 
he help of a transducer as before. The electrical signal corresponding to the sound 
ignal is called audio signal. Its frequency range is from 20 Hz to 20 kHz and is 
ssociated with a small amount of energy. If it is radiated in free space as such, it 
vill die out soon. So that the audio signal can travel up to several thousand 
ilometres, it is mixed with high frequency radiowaves, called carrier waves. This 
srocess is calld modulation and the signal so obtained is called modulated signal. 
[he power of the signal is further boosted up by using a suitable amplifier and then 
he signal is radiated into the space with the aid of an antenna, called transmitting 
untenna. Therefore, in this mode of communication, transmitter constitutes a 
ransducer, modulator, amplifier and a transmitting antenna. The free space, 
hrough which the modulated signal travels acts as the communication channel. 
[he receiver of this type of communication system consists of a pick-up antenna 
‘to pick the signal), demodulator (to separate out the audio signal from the 
modulated signal), amplifier (to boost up the audio signal, which may have got 
weakened) and the transducer (to convert back audio signal in the form of electrical 
pulses into sound waves). 
The radiocommunication system is schematically as shown in Fig. 1.01. 
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Fig. 1.01 
gue 1.03. ANTENNA 


In a communication system, antenna plays a vital role. It is employed for both 
transmitting and receiving the radio frequency signals. 


A 
A Hertz antenna isa straight conductor of length equal to half wavelength (5) 


of the radio signal to be transmitted or received. The transmitting antenna converts 
electrical energy into electromagnetic waves, whereas the pick-up antenna converts 
electromagnetic waves into electrical energy. When the transmitting antenna is 
placed vertically, it produces vertically polarized waves and when placed 
horizontally, it produces horizontally polarised waves. 


A 


A Marconi antenna is quarter wave (4) long. It is placed vertically with its 


lower end touching the ground. The ground provides a reflection of the voltage and 
current distributions set up in the antenna. It is fed near the ground. The emitted 
electromagnetic waves from antenna-ground system are same as that from a Hertz 
antenna. 

There is a large variety of antennas with each type having its own preferred 
range of applications. A microwave antenna is used in radar systems and for 
receiving broadcasts directly from the satellites. Such an antenna has a parabolic 
reflector with a dipole (also called horn feed) at the focus of the reflector. A 
microwave antenna can transmit waves in a particular direction and can receive 
waves, which are directed towards it. 


mam 1.04. ANALOG AND DIGITAL SIGNAL 

In communication systems, a signal means a time varying electrical signal 
containing information or intelligence. The different signals have their own 
characteristics, such as amplitude and frequency. 


963.9 72. 


The signals are of the following two types : 
1. Analog signal. An analog signal is a continuous function of time. In other 
words, amplitude of an analog signal varies continuously with time. Such signals 
can be easily generated from the source of information by using an appropriate 
transducer. For example, pressure variations in the sound waves can be converted 
into corresponding current or voltage pulses with the help of a microphone. 
Similarly, a photocell may be used to convert light intensity variations into current 
and voltage pulses. 

In the simplest form of an analog signal, the amplitude of the signal varies 
sinusoidally with time and may be represented by the equation 
E = E§,) sin wt (1.01) 


It represents an analog signal of a single frequency f - 2.| Such a signal is 


graphically as shown in Fig. 1.02. 

The frequency of analog signals associated with speech or music varies over 
a range between 20 Hz to 20 kHz. The range over which the frequencies of a signal 
vary is called its bandwidth. This information bearing signal is also called baseband 
signal. The term baseband designates the band of frequencies representing the signal 
supplied by the source of information. 

2. Digital Signal. A digital signal is a discontinuous function of time. The pulses 
in a digital signal do not vary continuously with time as in an analog voltage signal. 
Instead, it has only two voltage levels i.e. either low (zero) or high (some constant 
value of voltage). The two levels in a digital signal are coded usually in binary code. 
When voltage is low, it is represented by binary digit 0 and when it is high, it is 
represented by the binary digit 1 as shown in Fig. 1.03. 
gy 1.05. RADIO COMMUNICATION 


Sound offers a flexible means of communication between us. Nature has 
equipped a human being with its own transmitter and receiver in the form of 
mouth and ears. However, sound as a means of communication has some 
disadvantages. Firstly, as such, it cannot travel to a far off listener and secondly, if 
several persons are speaking at the same time, the listener may find it difficult to 
sort out the different messages from different persons. 

In 1844, telegraphy was developed as a means of communication by Samuel 
Morse. The information could be sent from one place to another along wires through 
Morse Code, which consisted of dots and dashes. In 1876, Alexander Graham Bell 
invented telephone, which could send voice message from one person to another. 
As such, if a person wanted to talk to other persons, their telephones had to be 
connected through wires leading to a wild jumble of wires. It became obvious that 
this technique of communication i.e. connecting every telephone to every other 
telephone was not going to work and it led to the development of wireless radio- 
communication. 

The transmitting and receiving a message in the form of a radiowave signal between 
two stations without connecting them with wires is known as wireless radio-communication. 

In 1865, James Clerk Maxwell predicted the existence of electromagnetic waves, 
which can propagate through the free space (vacuum) with the speed of light. These 
waves were first produced and detected by Heinrich Hertz in 1887 using a spark 
gap transmitter and detector. In 1901, Guglielmo Marconi and his associates 
succeeded in sending radio signal across the Atlantic by making use of antenna. The 
transmitting antenna helps the radio oscillator (which generates radio waves) to 
radiate the energy of the radiowaves into the space. The function of the antenna in 
transmission of radiowaves is same as that of the resonance tube or the sonometer 
used with a tuning fork. When the length of the antenna is equal to a quarter or one 
half of the wavelength of the radio signal, the standing electrical waves are set up 
along it, which are then strongly radiated into the space. The receiving antenna 
connected to the detector works in a similar fashion. When the transmitted signal 
is intercepted by the receiving antenna, the induced electrical waves are set up in it. 


gu 1.06. ANALOG MODULATION 


The process of producing a continuous high frequency waves, some characteristic of 
which varies as a function of the instantaneous value of the audio signal, is called analog 
modulation. 


Soe the process of modulation, lio signal, modulating wave (or 
baseband signal), is mixed with a high frequency wave, called carrier wave and 
the wave so produced is called modulated wave. In the analog modulation, carrier 
wave is continuous in nature and is usually a sinusoidal waveform. Fig. 1.04 is the 
block diagram illustrating the process of modulation. 4 
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Fig. 1.04 

The original signal (in the form of speech or music) in fed to the message signal 
generator (such as a microphone), which converts it into an electrical signal. The 
signal so obtained is called baseband or modulating signal. The oscillator generates 
the high frequency waves, called carrier waves. The modulator, then, carries out 
the superposition of the baseband signal and the carrier waves. The nature of the 
modulator depends upon the type of modulation to be carried out, which may be 
one of the following three types : 

1. Amplitude modulation 2. Frequency modulation 3. Phase modulation. 

In order to understand the three methods of modulation in principle, consider 
that the instantaneous voltage of the modulated wave is given by 

e=Asin (wt +9), 
where A, w and @ represent the amplitude, frequency and phase of the modulated 
wave. 

Amplitude modulation. When the modulating wave is superimposed on a high 
frequency carrier wave in a manner that the frequency of the modulated wave is same as 
that of the carrier wave but its amplitude is modified in accordance with that of the 
modulating wave, the process is called amplitude modulation. 

In amplitude modulation, the amplitude A of the modulated wave is varied 
in accordance with the modulating wave, while w and ¢ remain constant. 

Frequency modulation. When the modulating wave is superimposed on a high 
frequency carrier wave in a manner that the amplitude of the modulated wave is same as 
that of the carrier wave but its frequency is modified in accordance with the amplitude of 
the modulating wave, the process is called frequency modulation. 

In frequency modulation, the frequency « of the modulated wave is varied in 
accordance with the modulating wave, while A and ¢ remain constant. 

Phase modulation. When the modulating wave is superimposed on a high frequency 
carrier wave in a manner that the magnitude of the phase angle of the modulated signal varies 
in accordance with the amplitude of the modulating wave, the process is called phase 
modulation. 3 

In phase modulation, the phase ¢ of the modulated wave is varied in 
accordance with the modulating wave, while A and remain constant. It may be 
noted that phase modulation is not of much practical importance in itself, but it is 
sometimes used as an intermediate step in achieving frequency modulation. 
However, we shall restrict ourselves to the study of amplitude and frequency 
modulation processes only. . 


gam 1.07. NEED FOR MODULATION 

The sound waves within the range of human hearing have frequency from 
20 Hz to 20 kHz. The sound waves cannot be transmitted from a radio transmitter 
by converting them into electrical waves (audio signal) directly for the following 
reasons : 

1. For efficient transmission and reception, the transmitting and receiving 
antennae must have a length equal to quarter wavelength of the audio signal. For 


the order of 5000 m. To set up a vertical antenna of this size is practically impossible. 

2. The energy radiated from an antenna is practically zero, when the frequency 
of the signal to be transmitted is below 15 kHz. It also makes the direct transmission 
of audio signal as impracticable. 

3. Due to the fact that all audio signals from different sources possess 
frequencies in the same range i.e. 20 Hz to 20 kHz, an audio signal can not be 
transmitted directly. It is because, the audio signal from different transmitting 
stations will get hopelessely and inseparably mixed up. 

The above said difficulties faced during the transmission of audio signal, if 
transmitted directly, are overcome by the process of modulation. For example, when 
a carrier wave of frequency 1 MHz is used for transmission of audio signal, the 
antenna required will be of length 75 m only, which can be easily set up. Further, 
the energy radiated from the antenna for a radio signal of frequency 1 MHz is quite 
appreciable and the signal can travel upto a large distance, before it dies out. The 
problem of mixing up of the signals from the different transmitting stations is 
overcome by allocating different frequencies of the carrier waves to different 
transmitting stations. 
ma 1.08. AMPLITUDE MODULATION 

The amplitude modulation is produced by varying the amplitude of the carrier 
waves in accordance with the amplitude of the modulating wave (audio signal). Let 
the instantaneous values of the voltage of the carrier waves and the modulating 
signal be represented by 

e.=E,cosa,t «-AdnO1) 

and Cm = Ey COS Om t ...(1.02) 
respectively. The frequency of carrier waves @, is usually much greater than the 
frequency of audio signal ,,. Figs. 1.05 (a) and 1.05 (b) show the graphical 
representations of the voltages of the carrier waves and the audio signal with time. 

In amplitude modulation, the amplitude of the modulated signal is varied in 
accordance with the amplitude of the modulating signal so that the frequency of 
the modulated wave is equal to the frequency of the carrier waves. Accordingly, 
let the instantaneous voltage of the modulated signal be given by 

e=Acos@,t, -1(103) 


where A is amplitude of the modulated signal. Since amplitude of modulated signal 


should vary in accordance with the audio signal, we assume that 
A=E,+k,e 


Ban, 


amplitude of the modulated wave for a given modulating signal. In amplitude 


modulation, the degree of modulation is defined by a term called modulation index, — 


which is given by 


mM, = 
E 
The modulation index is also called modulation factor or depth of modulation. 
Fig. 1.05 (c) gives the sketch of amplitude modulated signal with time. The 
amplitude of modulated signal varies between E,,,;,, (= E,—E,,) and Eyigy (= E+ E,y). 
It can be proved that 
ty = eax — Emin (1.06) 
Emax k Emin 
From the detailed study of amplitude modulation, it is found that the 
expression for instantaneous value of the voltage (or amplitude) of the modulated 
signal consists of three terms. The first term represents a wave form of carrier 
frequency w, and the second term of frequency (w, + @,,), called the upper sideband. 
The third term represents a wave form of frequency (w, —@,,,) and is known as lower 
sideband. Since the frequency of the modulating signal is much smaller than the 
frequency of the carrier waves, all the three frequencies in the modulated wave are 
roughly the same and lie in radio frequency range. 
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where the proportionality constant k, determines the maximum variation in — 
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mn (1,05). § : 


a frequency of 15 kHz of audio signal, the length of the antenna* comes out to be of ie 


Self-test Question 
Show that the length of antenna required 
to transmit a radio signal of 
1 MHzisabout75m. 
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Bandwidth. The ies in the frequency range from w, —@,, to 

D+ Op ie. 2 0,,- It is called the bandwidth of the transmitted signal. Thus, 
band width = 2 x frequency of audio signal ...(1.07) 

In practice, the audio signal is always complex rather than consisting of a single 
pure frequency ,,,. For example, the voice of a person or a piece of music always 
consists of a band of frequencies of different amplitudes and phases. If such an audio 
signal has frequencies ranging from @, to @7 (@, > @,), then each frequency in the 
audio signal produces a pair of sidebands on modulation. The entire signal, then, 
produces two sidebands symmetrically disposed about the carrier. The bandwidth 
in case of a complex audio signal is equal to twice the maximum frequency (w,) of 
the audio signal i.e. 

band width = 2 x maximum frequency of audio signal ...(1.08) 

Importance of modulation index. The modulation index determines the 
strength and quality of the transmitted signal. If the modulation index is small, the 
amount of variation in the carrier amplitude will be small. Consequently, the audio 
signal being transmitted will not be strong. The greater the degree of modulation, 
the stronger and clearer will be the audio signal during reception. 

Amplitude modulation is most basic and is widely used for broadcasting 
speech and music. It is because, the equipments required in AM modulation are 
simple and cheaper. Further, carrier waves used are of low frequency (0:5 to 20 
MHz). However, atmospheric and man made electrical discharges, called noise, also 
get amplitude modulated along with the message signal. Due to this, reception of 
signal is not clear particularly in case of weak radio signals. 


mmm 1.09. FREQUENCY MODULATION 

The frequency modulation is produced by varying the frequency of the carrier 
waves in accordance with the amplitude of the modulating wave. Let the 
instantaneous values of the voltage of the carrier waves and the modulating signal 
be represented as 

€, = E, cos @, t ...(1.09) 

and Cm = Em COS Om t ...(1.10) 

respectively. Fig. 1.06 (a) and 1.06 (b) show the graphical representations of the 
voltages of the carrier waves and the audio signal with time. 

In frequency modulation, the frequency of the modulated signal is varied in 
accordance with the amplitude of the modulated signal so that the amplitude of the 
modulated wave is same as that of the carrier waves. Accordingly, let the 
instantaneous voltage of the modulated signal be given by 

e=E, sin@, Lk hal by 
where @ is some function of carrier and modulating frequencies. Since the 
instantaneous angular frequency (t) of the modulated wave should vary in 
accordance with the amplitude of the modulating wave, we assume that 
w(t) = We + kp em, ALE) 
where the proportionality constant ks determines the maximum variation in 
frequency of the modulated wave for a given modulating signal. 
Fig. 1.06 (c) gives the sketch of frequency modulated signal with time. It can be 


kp E 
proved that the frequency of modulated signal varies between f,,,;, [- i : an 


E 
andfinax | = fe + : - _The maximum swing of the frequency of modulated wave 


from the carrier frequency is called frequency deviation (6). Thus, 
6 =fmax ate =fe~ frnin (1.13) 
The ratio of frequency swing to the frequency of modulated signal is called 
modulation index for frequency modulation. It is denoted by ms. 


5 — fimaxa fae fo = fmin ea(T 14) 
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As said earlier, in frequency modulation, the amplitude of the modulated signal 
is same as that of the carrier waves but its frequency changes in accordance with 
the modulating signal. From the detailed study of frequency modulation itis found 
that the modulated signal consists of carrier and an apparently infinite number 
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of sidebands, whose frequencies are (fo+ fim), fe 2 fin), (Fo+ 3fin)y eevee 
of sidebands depends on the modulation index m, . The number of sidebands 
increases, when frequency deviation is increased by keeping frequency of the 
modulating signal constant. On the other hand, the number of sidebands decreases, 
when the frequency of modulating signal is increased by keeping frequency 
deviation constant. It may be pointed out that the sidebands are separated from the 
catrier- Dy .foi 2 fmeotnas-ea i.e. they have a recurrence frequency of f;. The side- 
bands are disposed symmetrically about the carrier and the sidebands at equal 
distances from the carrier have equal amplitudes. The amplitude of the sideband 
separated largely from the carrier becomes negligible. Due to this, the number of 
significant sideband pairs is limited. 

Bandwidth. In frequency modulated signal, the information (audio signal) is 
contained in the sidebands. Since the sidebands are separated from each other by 
the frequency of modulating signal ( f,,,), 

bandwidth = 2 n x frequency of modulating signal, fh a Bide, 
where n is the number of significant sideband pairs. 

Frequency modulation is now fast replacing amplitude modulation for 
broadcasting speech and music. Frequency modulated signals have larger 
bandwidth. So that FM signals on the adjacent signals donot interfere, carrier waves 
of higher frequency have to be used. In FM transmission, the message signal is in 
the form of frequency variations of carrier waves. Therefore, noise which gets 
amplitude modulated does not harm the message signal. As a result, in FM 
broadcasts the reception is of much better quality. The following table gives the range 
of frequency allotted for FM radio and TV broadcasts : 


UHFTV. | 47010 960 MHz 


Ml { 10. ADVANTAGES OF FREQUENCY MODULATION, 

The following are a few advantages of frequency modulation over amplitude 

lulation : 

1. FM reception is quite immune to noise as compared to AM reception. 

Noise is a form of amplitude variations in the transmitted signal due to 
atmosphere, industries, etc. In FM receivers, the noise can be reduced by increasing 
the frequency deviation or by making use of amplitude limiters. 

2. FM transmission is highly efficient as compared to AM transmission. 

In FM transmission, all the transmitted power is useful ; whereas in AM 
transmission, most of the power goes waste in the transmitted carrier, which contains 
no useful information. 

3. Due to a large number of sidebands, FM transmission can be used for the 
stereo sound transmission. 

Disadvantages. The following are a few disadvantages of FM transmission : 

1. The bandwidth in FM transmission is about 10 times as large as that needed 
in AM transmission. As a result, much wider frequency channel is required in FM 
transmission. 

2. FM reception is limited to line-of-sight. Due to this, area of reception for FM 
is much smaller than that for AM. 

3. FM transmitting and receiving equipments are very complex as compared 
to those employed in AM transmission. 


a 1.41, DEMODULATION 


The process of detection or demodulation is the inverse of modulation. In the 
process of detection, audio signal is separated from the modulated signal, which 
on being fed to the loud speaker or headphone, reproduces the original speech or 
music. The action of a diode as detector is basically the same as that of a half-wave 
rectifier. 

Fig. 1.07 shows the basic circuit for using a junction diode as a detector. The 
input circuit consists of a parallel combination of an inductor L and a variable 
capacitor C, called tuned circuit. It helps to select the desired modulated radio 
frequency signal from the different signals picked up by the antenna. Due to its 
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g , the output of the diode is a series of positive half cycles of radio 
frequency current pulses, whose peaks vary in accordance with the modulating 
audio signal. If this rectified output is fed to the headphone directly, its diaphram 
will vibrate with the high frequency of the carrier waves and therefore nothing 
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would be heard. In order to extract the audio signal, the rectified output is fed to 
the parallel combination of the capacitor C’ and the resistor R. The value of the 
capacitance of the capacitor C’ is so chosen that its reactance to the high frequency 
carrier waves is low but is appreciable to the low frequency audio waves. As such, 
the capacitor C’ acts as a by-pass for carrier waves and the audio frequency voltage ‘ 
appears across the resistor R, which then sends the current through the head phone 
so as to ee original speech or music. 


eee 1-12.BASIC ELEM NTS OF MODULATION AND DETECTION OF AN 
AUDIO SIGNAL 


Fig. 1.08 illustrates the basic elements required to transmit and receive back 
an audio signal. 
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Fig. 1.08 

A brief description of the various elements is as given below : 

1. An oscillator generates radio frequency waves i.e. carrier waves. 

2. A microphone converts the sound waves into electrical waves i.e. audio 
signal. és 

3. The modulator mixes up the audio signal with the carrier waves and feeds 
the modulated waves to the transmitter. : 

4. The transmitting antenna radiates the modulated waves into the space. 

5. The receiving antenna intercepts the transmitted signal. 

6. The detector demodulates (separates out) the audio signal from the 
modulated waves. 

7. The loud speaker converts the demodulated audio signal back into the sound 
waves 


gus 1-13. PULSE MODULATION 


Analog modulation (both AM and FM modulations) are extensively employed 
for radio and TV transmission. As already said, in analog modulation, some 
parameter of sinusoidal carrier is varied in accordance with the instantaneous value 


of the modulating signal. In pulse modulation, the carrier is no longer 
sinusoidal wave but consists of pulse train. In this type of modulation also, some 
parameter of the carrier (a pulse train) is varied in accordance with the instantaneous 
value of modulating signal. 

The pulse modulation is of the following two types : 

1. Pulse Amplitude Modulation (PAM). In pulse amplitude modulation, 
amplitude of the pulses of the carrier pulse train is varied in accordance with the 
instantaneous value of modulating signal. 

2. Pulse Time Modulation (PTM). In pulse time modulation, timing of the 
pulses of the carrier pulse train is varied in accordance with the instantaneous value 
of the modulating signal. 

Pulse time modulation is, further, of the following two types : 

(a) Pulse Width Modulation (PWM). In pulse width modulation, the width of 
the pulses of carrier pulse train is varied in accordance with the instantaneous value 
of the modulating signal. It is also called Pulse Duration Modulation (PDM) or 
Pulse Length Modulation (PLM). 

(b) Pulse Position Modulation (PPM). In pulse position modulation, the 
position of the pulses of the carrier wave train is varied in accordance with the 
instantaneous value of the modulating signal. 

Fig. 1.09 (a) shows a modulating signal, whose amplitude E,, is function of time. 
For the sake of simplicity, it is shown to have only a positive amplitude at different 
instants of time. In practice, however, the amplitude of the modulating signal may 
be positive as well as negative. The carrier is a train of pulses of fixed amplitude 
and spaced uniformly in time [Fig. 1.09 (0)]. 

The amplitude of the modulating signal is measured several times during each 
cycle of the signal. It is called sampling of the signal. From Fig. 1.09 (a), it follows 
that the amplitudes of the modulating signal at different sampling instants are 
different. 

In PAM, the variation in the amplitude of each pulse of the carrier pulse train 
is according to the amplitude of the modulating signal at the sampling instant. 
Likewise, the PAM signal appears as shown in Fig. 1.09 (c). In PAM, the information 
about the baseband or modulating signal lies in the amplitude of a pulse. 

Fig. 1.09 (d) shows the PWM signal, in which the width of each pulse changes 
in accordance with the amplitude of the modulating signal at the sampling instant. 
In PWM, the information about the baseband signal lies in the trailing edge of the 
pulse. 

Finally, in PPM, the shift in the position of each pulse is according to the 
amplitude of the modulating signal at the sampling instant. The PPM signal obtained 
is as shown in Fig. 1.09 (e). In PPM, the information about the baseband signal lies 
in the leading edge of the pulse. 


Gam 1.14. PULSE CODE MODULATION 

The pulse amplitude, pulse width and pulse position modulations are not 
completely digital, as the amplitude, width or position of the pulses transmitted 
may vary continuously in accordance with variations in baseband signal. A 
completely digital modulation is obtained by Pulse Code Modulation (PCM). Since 
pulse amplitude modulation (PAM) is the simplest pulse modulation process, the 
PAM signals are used to cbtain PCM signals. An analog signal is pulse code 
modulated by following the three operations explained as below : 

1 Sampling. It is the process of generating pulses of zero width (duration) and of 
amplitude equal to the instantaneous amplitude of the analog signal. 

Thus, in sampling process, the amplitude of analog signal is measured several 
times during each cycle of the signal. According to sampling theorem (known as 
Nyquist theorem), if a signal is bandlimited to B Hz (i.e. there are no frequency 
components beyond B Hz in the frequency spectrum of the signal), the sampling 
frequency must be atleast 2 B Hz. The number of samples taken per second is called 
sampling rate. 

For example, consider that voltage amplitude of an analog signal varies 
between 0 to 7 V as shown in Fig. 1.10. Suppose that when the signal is sampled, 
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To achieve Pulse Code Modulation, an 
analog signal is seanpled, pee and 
then coded. 


Watch out ! ‘ 


In the sampling process (for the conver- 


sion of analog signal into digital signal), 
the analog signal is sampled at intervals 
of about 125 us i.e. 8000 eee are 
taken every second ! 


its amplitude at three discrete times is measured to be 3-7 V, 1-3 V and 6-8 V 


respectively. The three sampled pulses of zero width having amplitudes 3-7 V, | 
1-3 V and 6-8 V have been shown separately in Fig. 1.11. As such, the analog ~ 


signal is said to have become pulse amplitude modulated (PAM). 


2. Quantisation. The process of dividing the maximum amplitude of the analog voltage ' 


signal into a fixed number of levels is called quantisation. 


Let us divide the amplitude (7 V) of the analog voltage signal into eight levels — 
viz 0, 1,2,3,4,5,6and 7 V. These levels are called quantisation levels. Pulseshaving — 
amplitude between — 0-5 V to 0-5 V are approximated (quantised) to a value 0 V, — 
pulses having amplitudes between 0:5 to 1:5 V are approximated to a value 1 V and “Sx 
50 on. Therefore, the amplitude of the three pulses will be approximated to values — y 
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4V,1Vand7 V respectively. The pulses so obtained are called quantised pulsesand — 


are as shown in Fig. 1.12. 
3. Coding. The process of digitising the quanti 
called coding. 


The most popular code is the binary code. Therefore, each quantised pulse is — 
given a digital code, which is a binary number. The size of the binary number i.e. — 


how many bits it has, depends on the number of quantisation levels. Since there 
are eight levels, a three-bit binary code will suffice. The three-bit binary code 


corresponding to various quantisation levels is as given in the adjoining table. 


Zeros have been added to the left of any number that is less than three bits. 


Therefore, The three quantised pulses having amplitudes 4 V, 1 V and7V will © 


be coded as 100, 001 and 111 respectively. These coded values are combination of 
binary digits (bits) 0 and 1. As shown in Fig. 1.13, all the pulses have the same 
amplitude but possess different lengths. Each binary digit is allocated a fixed period 
of time. The length of the pulse is the time, for which it is high or low. Binary zeros 
(0) are represented by 0 volt and binary ones (1) by a tixed voltage (oftenly +5 volt 
is used). A series of several consecutive 1’s or 0’s represents a longer pulse. The signal 
is now said to be pulse code modulated (PCM). 

An analog signal is described by its frequency range’. This term has no 
meaning for a digital signal. Instead, a digital signal is described by the bit rate i.e. 
number of bits per second (binary digits per second). 

To calculate the bit rate, one should know the sampling rate and the number 
of quantisation levels. The sampling rate is the number of samples per second. The 
levels determine the binary code and the number of bits per sample required. 
Therefore, 

bit rate = sampling rate x number of bits per sample ...(1.16) 


gus 1.15. DATATRANSMISSION AND RETRIEVAL 


The pulse code modulated signal is a series of 1 ’s and 0’s. If they are to be 


transmitted over copper wires, they can be directly transmitted as two voltage levels, - a 


+V corresponding to 1and-V corresponding to 0. But if they are to be transmitted 
through space, then some form of modulation has to be employed. Just as in case 
of analog modulation, the following three modulation techniques are used to 
transmit a PCM signal : 

1. Amplitude Shift Keying (ASK). In amplitude shift keying, two different 
amplitudes of the carrier represent the two binary values of the PCM signal. The 
binary value 1 is represented by the presence of carrier of some constant amplitude, 
while the binary value 0 is represented by the absence of carrier i.e. by carrier of zero 
amplitude. For this reason, this method is also known as On-Off Keying (OOK). 

2. Frequency Shift Keying (FSK). In frequency shift keying, the binary 
values of the PCM signal are represented by two frequencies, which are offset 
from the carrier frequency f, by equal and opposite amounts f and — f. The 
frequency f, + f represents the binary value 1, while the frequency f, — f represents 
the binary value 0. 

3. Phase Shift Keying (PSK). In phase shift keying, the binary value of 0 
corresponds to zero phase shift and the binary value 1 corresponds to a phase shift 
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In case the amplitude of analog signal is 
divided into 16 quantisation levels, then 
a 4-bit binary code is used to code the 
quantised pulses. 


A digital signal is described by the bit rate 
i.e. number of binary digits (bits) per 
second. 


ee 


Fig. 1.14 (a) shows a typical F gnal 110100100 and Fig. 1.14 ( 
the waveform of modulated signal due to ASK method. From the figure, it follows 
that carrier is present, when binary value of the signal is 1 and is absent, when binary 
value of the signal is 0. 

Fig. 1.14 (c) represents the waveform of modulated signal achieved by FSK 
method. It follows that frequency of the carrier increases by a certain amount, when 
binary value of the signal is 1 and decreases by an equal amount corresponding to 
binary value 0 of the signal. 

Finally, Fig. 1.14 (d) shows the waveform of modulated signal obtained by 
PSK method. The carrier is without any phase change corresponding to binary 
value 0 of the signal and its phase changes by , whenever the binary value of the 
signal is 1. 

It may be pointed out that FSK method is preferred as it gives optimum 
performance in the presence of noise. The ASK method is rarely used as it does not 
give a satisfactory value for probability of error. 

Fig. 1.15 shows the block diagram of the trasmitter of a PCM communication 
system for the transmission of digital data. 


SIGNAL 
Fig. 1.15 

The analog signal is sampled by the sampler. The sampled pulses are then 
quantised by the quantiser. The encoder codes the quantised pulses according to 
the binary code. After modulating the PCM signal by one of the three methods viz 
ASK, FSK or PSK method, the modulated signal is, then, transmitted into free space 
in the form of bits. 

Fig. 1.16 shows the block diagram for the receiver of a PCM communication 
system for retreiving the digital data. 
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The received signal is first quantised by the quantiser of the receiver. This 
quantiser is differnt from the quantiser of the transmitter. It is because, it has to take 
a decision about the presence or absence of a pulse. Likewise, there are only two 
quantisation levels. The output of the quantiser is PCM signal, which then goes to 
decoder. It performs the inverse operation of the encoder. The output of the decoder 
is a sequence of quantised pulses. To reconstruct the original analog signal, a typical 
circuit, called holding circuit is used. 


sy 116 MERITS OF DIGITAL COMMUNICATION 
oO 


The following are a few merits of digital communication : 

1. Digital signals are easy to receive. All the receiver needs to do is to detect, 
whether a pulse is high or low. 

2. AM and FM signals become corrupted over much short distances as 
compared to digital signals. From a corrupted AM or FM signal, the audio signal 
cannot be reproduced faithfully. However, in case of digital signals, as long as the 
receiver can distinguish between ‘high’ and ‘low’, the original signal can be 
reproduced accurately. 

3. The signals lose power as they travel. This is called attenuation. When AM 
and FM signals are amplified to restore power, the noise is amplified as well and 
the quality of the signal is lowered. However, a digital signal can be ‘cleaned up’ 
to restore quality and amplified at different stages by regenerators to restore the 
power. 
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The encoder is also called Analog to 
Digital (A/D) Converter." 4 


The decoder is also | 
Analog (D/A) Conver 


Key point 
In a digital signal, the information is | 


carried by the pattern of pulses an 
the shape of the pulses... _ 


4. The digital signals do not get distorted by the noise. The noise may change 
the shape of the pulses, but not the pattern of the pulses. It is the pattern of the pulses 
that carries information in the digital signals. 

5. Once an AM or FM signal is transmitted, anyone witha suitable receiver can 
listen in. However, the digital signals can be coded so that only the person, they are 
intended for, can receive them. 

6. Both AM and FM transmissions constitute “real time systems’, which means 
that the signal can be received only at the time, it is transmitted. However, digital 
signals can be stored in the absence of the person at the receiving end. 

7. The digital signals can be stored as digital data or used to produce a display 
onacomputer monitor or converted back into analog signal to drive a loud speaker. 


gu 1.17. MODEM 


The name modem is a contraction of the term modulator and demodulator. As 
the name suggests, a modem performs functions of both modulator and 
demodulator. In the transmitting mode, modem acts as a modulator and in the 
receiving mode, it acts as a demodulator. 

Fig. 1.17 shows the communication circuit between a transmitting digital device 
(such as a business machine or a terminal) and a receiving digital device (such as a 
computer) through a telephone line. When telephone line (analog medium) is used 
for data communication between the two digital devices, two modems are required, 
one near each digital device as shown in the figure. 
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Since digital signals can not be transmitted along the telephone line, the digital 
data has to be converted into analog signal. The modem placed near the transmitting 
device (terminal) converts the digital data from the terminal into analog form and 
then transmits the audio signal after modulating it with carrier along the telephone 
line. The demodulator section of the modem placed near the receiving device 
(computer) demodulates the carrier to retrieve the data. This digital data is processed 
by the computer and the processed data is modulated to the analog form by the 
modem and returned via the telephone line to the terminal, where the analog signals 
are demodulated by the modem to digital form. 

Modems are described depending upon their mode of operation. The modems 
can be used to transmit and retrieve the data in the following three modes : 

1. Simplex mode. It is_mode of using a modem, in which data signals can be 
transmitted between the transmitter and the receiver in only one direction. 

In this mode, the modem operates as either a send-only or a receive-only device. 
As in this mode, the modem uses only one transmission channel, no signalling can 
be made from the receiver to the transmitter so as to send acknowledgement or 
request for retransmission of data. 

2. Half-duplex: It is the mode of using a modem, in which data signals can be 
transmitted between the transmitter and the receiver in both directions, but only in one 
direction at a time. 

In this mode, the modem makes use of one transmission channel, but the 
channel must be bidirectional. Further, in this mode, the line must be ‘turned around’ 
each time the direction of transmission of data is reversed. This involves a special 
switching circuit and consumes a small amount of time. As a result, the speed of 
data transfer reduces. It is because, the same circuit has to be shared for transmission 
of data in the opposite direction. 

3. Full-duplex. It is the mode of using a modem, in which data signals can be 
transmitted between the transmitter and the receiver in both directions at the same time. 

In this mode, the efficiency improves as the line turn-around time required in 
the half-duplex arrangement is eliminated. In this mode, two circuits are required, 
either two 2-wire circuits or one 4-wire circuit. As shown in Fig. 1.17, modems are 
placed at each end of the circuit to provide modulation and demodulation. 
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It is worthwhile to note that whereas the use of modems s higher speeds 
of transmission of digital data on a given analog line, it also reduces the effects of 
noise and distortion. 
wa] .18. FAX (FACSIMILE) 

The electronic transmission of a document at a distant place via telephone line is known 
as facsimile or FAX. 

Fig. 1.18 is the block diagram showing the function of various parts of a FAX 
machine to produce a duplicate copy of the document at the receiver end. 


ORIGINAL 
DOCUMENT aX MACHINE AT SENDER’S END (IN TRANSMITTING MODE) 


| Be ras DIGITAL SIGNAL I 
lites LIGHT MODEM 
OPTICAD |W IERIE Ber cha 
SCANNER 
PRINTER 


FAX MACHINE AT RECEIVER’S END (IN RECEIVING MODE) 


OPTICAL 
SCANNER 


ANALOG 
SIGNAL 


3NNM SNOHdSTaL 


ANALOG 
SIGNAL 


SENSOR | DIGITAL SIGNAL | A 
PRINTER a 
FAX COPY 


Fig. 1.18 

In order to send FAX copy of some document, the sender dials in the phone 
number of the FAX machine at the receiver’s end. The FAX machine at the sender’s 
end is, then, in transmitting mode and that at the receiver’s end in receiving mode. 
When a FAX machine is in receiving mode, only its printer is active so as to accept 
the incoming signal through the modem inside it. When the document is fed into 
the machine, the optical scanner scans the document in the form of tiny parallel strips 
in turn. When an intense beam of light from a source (not shown in the figure) falls 
on the scanned document, the amount of light that bounces back is detected by the 
sensors. Where ink is present, little light is reflected creating an electrical pulse of 
low voltage. A pulse of high voltage results, when light is reflected from white paper. 
A modem inside the machine converts these digital pulses into analog signals which 
is then transmitted to the receiving FAX machine via the telephone line. The modem 
in the FAX machine at the receiving end converts the analog signals back into digital 
pulses. The printer of the FAX machine prints these digital pulses faithfully in the 
form of dots to build up a facsimile copy of the original document. Each FAX 
machine has its own number, which is dialed in via the sender’s FAX machine. 


SOLVED NUMERICAL QUESTIONS 


Type A. On Analog modulation 

Problem 1.01. An audiosignal of amplitude one-half the 
carrier amplitude is employed in amplitude modulation. 
What is the modulation index ? 

Sol. Here, E,, =0-5 E, 

Emax = E+ 0-5 E,.=1-5E, 

and Emin =E,—0-5E,=0-5E, 
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Problem 1,02. In an amplitude modulator, the tank 
circuit consists of a coil of inductance 3-6 mH and a 
capacitor of capacitance 2-5 pF. If an audio signal of 
frequency 15 kHz modulates the carrier generated by the 
tank circuit, find the frequencies of the sidebands. 

Sol. Here, L = 3-6 mH = 3-6 x 103 H; 

C=25 pF=25 x 10-12 F;f,, = 15 kHz 


Now, m, = 


The frequency of carrier generated by the tank circuit, 
1 1 


f.= a3 
2nVLC 27 /3-6x10 x2-5x 107 


= 1-678 x 106 Hz = 1678 kHz 
Frequency of upper sideband, 
fo + fin = 1678 + 15 = 1693 kHz 
and frequency of lower sideband, 
fo-fm = 1678-15 = 1663 kHz 
Problem 1.03. An audio signal of 3-2 kHz modulates a 
carrier of frequency 84 MHz and produces a frequency 
deviation of 96 kHz. Find (a) frequency modulation index 
and (b) frequency range of the frequency modulated wave. 
Sol. Here f,, = 3-2 kHz ; f, = 84 MHz = 84 x103 kHz 
frequency deviation, 6 = 96 kHz 


) Now, frequency modulation index, 
é6 96 


(b) Frequency range of the modulated wave 


=f + fin = 84 x10 + 3:2 kHz 
= 83-997 x10? kHz to 84-003 x10° kHz 
= 83-997 MHz to 84-003 MHz 
Type B. On Pulse modualtion 
Problem 1.04. For a 4-bit D/A converter, work out the 
output voltage for each of the following input voltage 
combinations : (i) 0001 (ii) 0010 (ii) 0100 (iv) 1000 (v) 1001 
and (vi) 1101. (Text Problem) 
Sol. Suppose that binary values 0 and 1 of the digital 
signal correspond to 0 V and 1V respectively. 
(i) For input voltage 0001 : 
Output voltage = 1 x 2940x2140 22+0x2 
=1+0+0+0=1V 
(ii) For input voltage 0010 : 
Output voltage = 0 x 2°+1 x2140x22+0x 2° 
=0+2+0+0=2V 
(iii) For input voltage = 0100 : 
Output voltage = 0 x 2°+0 x 2'+1x 27+0x 2° 
=0+0+4+0=4V 
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Q. 1.01. What do you mean by communication ? 

Ans. The communication is the processing, sending and 
receiving of information with the help of a suitable communication 
system and transmission medium. 

Q. 1.02. What is a transducer ? Give one example. 

Ans. A device which converts energy in one form to another 
is called a transducer. 

In radiocommunication, microphone is used to convert 
sound signal into electrical signal. Here, the microphone acts 
as a transducer. 

Q. 1.03. What is an analog communication system ? 

Ans. The communication system, which makes use of analog 
signals (the signal which varies continuously with time), is called 
analog communiction system. 

Q. 10.4. What is a digital communication system ? 

Ans. The communication system, which makes use of digital 
signal (the signal, which has only two values-either high or low), 
is called digital communication system. 

Q. 1.05. What is modulation ? 

Ans. The process of producing a high frequency wave, some 
characteristic of which varies as‘a function of the instantaneous 
value of the audio.signal, is called modulation. 

Q. 1.06: What is modulated wave ? 

Ans. The signal wave that results on superimposing the 
modulating wave on carrier wave is called modulated wave. 

Q. 1.07. Define amplitude modulation. 

Ans. When the modulating wave is superimposed-ona high: 
frequency carrier wave in a manner that the frequency-pf the ': 


Sess 
Bos 


put voltage 1000 : 
Output voltage = 0 x 29+0x2!+0x2?+1 x 23 
=0+0+0+8=8V 
(v) For input voltage 1001 : 
Output voltage = 1 x 29+ 0x 2!+0x2?+1 x 23 
=1+0+0+8=9V 
(vi) For input voltage 1101 : 
Output voltage = 1 x 29+ 0x 2!+1x 22 41x23 
=1+0+4+8=13V 
Problem 1.05. Pulse code modulation is also used for 
digital audio recording. Some compact discs used a 32-bit 
code. How many quantisation levels would this give ? 
Sol. The number of quantisation levels = 2”, 
where n is the number of bits per sample. 
Since compact discs used 32-bit code, n =32 
Therefore, number of quantisation levels 
= 282 = 4-3 x 10° 
Problem 1.06. Calculate the bit rate for a signal, which 
has a sampling rate of 8 kHz and where 16 quantisation 
levels have been used. 
Sol. If n is the number of bits per sample, then 
number of quantisation level = 2” 
Since the number of quantisation levels is 16, 
2" =16 or n=4 
Now, bit rate = sampling rate 
x number of bits per sample 
= 8000 x 4 = 32,000 bits s“? 


Y-ASKED VERY SHORT ANSWER QUESTIONS 


| nse hd Answers/Hints 


Q. 1.08. What is modulation index ? 
Ans. The degree, to which the carrier wave is modulated, is 
called modulation index. 
Q. 1.09. What is the importance of modulation index ? 
Ans. The modulation index determines the strength and 
quality of the transmitted signal. When modulation index is 
high, the reception will be strong and clear. 
Q. 1.10. What do you mean by bandwidth ? 
Ans. The frequency range, in which a transmitting system 
makes transmission, is called bandwidth. 
Q. 1.11. Give the expression for band width in AM 
transmission. 
Ans. In AM transmission, 
band width = 2 x maximum frequency of 
the audio signal 
Q. 1.12 What is frequency modulation ? 
(Text Question) 
Ans. When the modulating wave is superimposed on a high 
frequency carrier wave in a manner that the amplitude of the 
modulated wave is same as that of the carrier wave but its frequency 
is modified in accordance with the amplitude of the modulating 
wave, the process is called frequency modulation. 
Q. 1.13. What do you mean by frequency deviation ? 
Ans. The maximum swing of the frequency of modulated wave 
from the carrier frequency is called frequency deviation. 
Q. 1.14. Give the expression for bandwidth in FM 
modulation. 
ArisIn FM transmission, 


modulated wave is same as that of the carrier wave but its amplitude 
is modified in accordance with that of the modulating wave, the 
process is called amplitude modulation. 


bandwidth = 2 n x frequency of modulating signal, 
where n is the number of significant sidebands. 


Q. 1.15. Which of the two-AM or FM is preferred for 
high fidelity reception ? 

Ans. Frequency modulation is preferred for high fidelity 
reception. 

Q. 1.16. What is noise ? 

Ans. The undesired electrical signals are termed as noise. 

When a signal is transmitted, the undesired signals get 
mixed with it leading to distortion of the signal. 

Q. 1.17. How can you decrease noise in FM receivers ? 

Ans. Noise can be decreased in FM receivers by 
increasing the frequency deviation. 

Q. 1.18. What is demodulation ? 

Ans. The process of separating out the audio signal from the 
modulated signal is known as demodulation. The process of 
demodulation is the inverse of modulation. 

Q. 1.19. Define pulse amplitude modulation. 

Ans. The process of modulation, in which amplitude of the 
pulses is varied in according with the modulating signal, is called 
pulse amplitude modulation. 

Q. 1.20. What do you mean by quantisation ? 

Ans. The process of dividing the maximum value of the analog 
voltage signal into a fixed number of levels in order to convert a 


Q. 1.01. Do the telegraphy and telemetry mean the 
same communication system ? Explain. 

Ans. Refer to section 1.01. 

Q. 1.02. The audio signal can not be transmitted 
directly into the space. Why ? 

Ans. 1. The length of the antenna required is so large 
(~ 500 m) that it is practically impossible to set up it. 

2. The energy radiated from the antenna in audio 
frequency range is practically zero. 

3. The audio signals transmitted from the different 
broadcasting stations will get inseparably mixed up. 

Q. 1.03. A radio broadcast is transmitted using 
amplitude modulation at a carrier frequency of 680 kHz. 
Explain the meaning of each of the italicised words. 

(Text Question) 

Ans. Amplitude modulation. Refer to VSQ.1.07. 


Carrier frequency. The message signals in low frequency - 


range cannot be efficiently radiated into space and die out 
over a small distance. This difficulty is overcome by 
modulating the message signal with waves of high frequency. 
Such waves of high frequency are called carrier waves and 
their frequency as carrier frequency. 

Q. 1.04. What is a carrier wave ? Why high frequency 
carrier waves are employed for transmission ? 

(Text Question) 

Ans. Carrier wave. Refer to SAQ. 1.03. 

As the message signal propagates through the space, it 
gets attenuated with distance, so that the transmission can be 
done over a large distance, the message signal is modulated 
with high frequency waves, called carrier waves. 

Q. 1.05. What is the need for modulation ? 

Ans. Refer to section 1.07. 


pulse amplitude iddularel signal into a binary code is calle 
quantisation. 

Q. 1.21. What do you mean by sampling of an analo; 
signal ? 

Ans. The proces of generating pulses of zero width (duration 
and of amplitude equal to the instantaneous amplitude of the analo 
signal is called sampling. 

Q. 1.22. How is bit rate related to the sampling rate ' 

Ans. Bit rate = sampling rate x number of bits per sampl 

Q. 1.23. AM and FM transmission are said to be ‘rea 
time systems’. What does it imply ? 

Ans. It implies that the AM and FM signals can b 
received only at the time it is transmitted. 

Q. 1.24. What is a modem ? 

Ans. A modem performs functions of both modulato 
and demodulator. In the transmitting mode, modem acts a 
a modulator, while in the receiving mode, it acts as | 
demodulator. 

Q. 1.25. What is FAX ? 

Ans. The electronic transmission of a document at a distan 
place via telephone line is called FAX. 


FREQUENTLY ASKED SHORT ANSWER “.UESTIONS. 


With Answers/Hints 


Ans. If all the transmitters broadcast programmes by 
using same carrier frequency, then it will not be possible t 
tune the receiver to a particular transmission. Further, as ths 
frequency spectrum of all the message signals are identical 
they will get inseparably mixed up. 

Q. 1.07. What are the limitations of amplitude modula 
tion ? 

Ans. 1. The quality of audio signal is not good. 

2. The atmospheric and pose noise nn fioct the audic 
signal. _ 

3. The efficiency of amplitude modulation is low. 

Q. 1.08. What are the advantages of FM transmission ' 

Ans. 1. FM reception. is quite immune,to noise a: 


i ppg to AM. reception. 


2. It gives high oe reception duis to large number o 
sidebands.: LA PO 
3. The etticiency of FM Sree is high. 
Q. 1.09. What are the advantages of AM over FM 


transmission ? fe 


Ans. 1. FM transniission requires much wider channe 
as compared to AM transmission. 
2. The reception of FM signal i is limited to line-of-sight 


_ Asaresult, the area in. which FM transmission can be receivec 


is much smaller than in case of AM transmission. 

Q. 1.10. What is a noise ? What are their causes ? 
Ans. The undesired electrical signals are termed as noise. 
The noises are of two. types) 46 

Internal noise. The undesired electrical signals arising 


' due to thermal motion of electrons within the system (due tc 
- ‘their random motion, Ak oan or r diffusion) are termec 


as internal noise. 


Q. 1.06. Why should transmitters broadcasting“! °° ‘External noise. The inefedirea electrical signals arising 


programmes use different carrier frequencies ? 
(Text Question) 


due to nearby radio frequency transmitters, electrical circuits 
sparks, fluroscent lights, etc are termed as external noise. 
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Q. 1.11. Why is an FM signal less susceptible to noise 
than an AM signal ? (Text Question) 

Ans. In FM transmission, the message signal is in the 
form of frequency variations of carrier waves. During 
modulation process, the noise gets amplitude modulated. 
Since it brings about variations only in the amplitude of 
carrier waves, it does no harm to the message signal. For this 
reason, EM signal is less susceptible to noise than an AM 
signal is. 

Q. 1.12. What do you mean by pulse amplitude 
modulation and pulse code modulation ? 


4. What is an antenna ? What role does it play ina 
~ communication system ? What should be the length of a 
dipole antenna ? (Text Question) 
2. What is an analog signal ? Explain the terms band-width 
and baseband. (Text Question) 

3... What is the need for modulation ? 
4. Explain the term modulation 2 (Text Question) 
5. What is amplitude modulation ? Discuss its advantages 
and_.disadvantages. ‘ (Text Question) 
6. What is frequency modulation ? Give its advantages and 

disadvantages ? 

_7., Distinguish between amplitude and frequency 


_modulation. 


What is a communication system ? Describe briefly the 
major constituents of a communication system. 

; unae (Text Question) 
What is modulation ? What is. the need for modulation ? 


3. What is meant by modulation of carrier wave ? Explain 
; amplitude modulation. | yc (H.PS.S.C.E. 2001) 
4, Explain frequency modulation. Discuss its advantages 


<4 os. Pie Bed rics Se ag ee et 
over amplitude iiodulation: it 


_'What is a discrete signal ? Explain briefly how'an analog 
signal can be converted into a digital signal. Enumerate 
~REQUENTLY 
Type A. On Antenna length Seep toon! 
pba Calculate the length of half wave. dipole at (a) 30 MHz, 
(b) 300 MHz and (c) 3000 MHz. What inference do you 
draw from these results ? shy (Text Problem) 
NOES SASS Fang: G5 m,(b) 80 cm, (c) 5 cm, 
™ Jength’of dipole decreases as frequency increases)] 
Type BION ‘Analog mouatatio uae ety 
2. Anaudio signal of amplitude (a) equa! to (b) 1-5 times the 
carrier amplitude is employed in amplitude modulation. 
Find the modulation index in each case. 
As betir atlas ~ > [Ans. (a) 1 (6) 1:5] 
An audio signal in'frequency range 370 Hz to 2-5 kHz 
modulates a carrier of frequency 80 kHz. Find the range 
of (a) upper sideband and (b) lower sideband} rr} as 
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“REQUENTLY “SKED LONG ANSWER 
nn 


Ans. Refer to sections 1.13 and 1.14. 
Q. 1.13. What is the difference between bit rate and 


_ sampling rate ? Give the relation between the two. 


Ans. Refer to section 1.14. 

Q. 1.14. Give three main merits of digital communi- 
cation. 

Ans. 1. The digital signals do not get distorted by the 
noise. It is because, noise may change the shape of the pulse, 
but not the pattern of the pulses. 

2. Digital signals are very easy to receive. 

3. The digital signals can be coded. 


ORT ANSWER UESTIONS 


Carrying 3 Marks 


8. Give the advantages of FM transmission over AM 
transmission. 
9. Explain the term demodulation. (Text Question) 
10. Describe, how a diode may be used.as a detector. 
11. What is pulse modulation ? Describe in brief. 
12. What are the merits of digital communication ? 
13. With the help of a block diagram, explain how digital data 
is transmitted and retrieved. 
14. Explain the principle of a modem. 
15. What is a FAX machine ? Explain its principle. 
16. Explain the term FAX ? Distinguisl. between a FAX and an 


(Text Question) 


CQUESTIONS 


Carrying 5 Marks 


e-mail. 


some of the advantages of digital communication. 
(Text Question) 


6. What is pulse code modulation ? Explain, how an analog 
signal may be converted into a digital signal. 
7. What is meant by pulse code modulation ? What are its 
advantages of digital amplitude modulation ? 
(Text Question) 
8, What is a modem ? Explain its role in data communi- 


cation. (Text Question) 


 SKED NUMERICAL PROBLEMS 


For Practice eee 


4: An audio signal of 2:8 kHz modulates a carrier of 
frequency 90 MHz producing a frequency deviation of 
84. kHz. Find (a) frequency modulation index and 

(b) frequency range of the modulated wave. 
[Ans. (a) 30 (b) 89-916 to 90-084 MHz! 


Type C.On Pulse modulation 
5. (a) How many bits are needed to represent the following 
decimal numbers as binary number ? (i) 16, (ii) 32 and 
(iti) 64. 
__(b) Each of the decimal numbers in (a) can be written as Ble 
where n is a whole number. Show that the answers to (a) 


can all be written as (n + 1). 
[Ans. (a) (i) 5, (ii) 6, (iti) A 


fAns, (a) 80.37 to 825 KHz (H) 775 to 79-63 KHzlenitessb a0 


Sa ea 


LEMS FOR RACTIC 


1. (a) When f = 30 MHz: (b) Frequency range of lower side band 
8 = 80 — 2:5 to 80 - 0-37 
c , 310 
“F>30x100 | m = 77-5 kHz to 79-63 kHz 
e ¥ = Ze ‘< , = =. A 3 k , => 
Therefore, length of half wave dipole, fin Heredia 8 on fe ne MEI 20a AQ ihe ath 
==> 5m (a) Here, sold fierenBedh eben 
(b) When f = 300 MHz : (b) Frequency range of modulated wave 
evtideae age = fo + fm = 90 x 10° + 2-8 kHz 
~ F 300K10° = 89-997 x 103 kHz to 90-003 x 103 kHz 
: = 89-997 MHz to 90-003 MHz 
t le, ‘ ; "Fe , 
TRARY ite mop hale waacipele 5. (a) (i) To find bits in decimal number 16 : 
1=—~=—=0-5m =50cm 16 
(c) When f = Sing MHz : g—0 The remainders in reverse order are 
‘Noctis {Oia Op 
8 , , rs , 
= pe = Pra Ee 0-1m 2-0 Therefore, number of bits in decimal number 
16 are 5. 
Therefore, length of half wave dipole, 
tae = Om 
To Tega 005m =5em (ii) To find bits in decimal number 32 : 
It follows that as the frequency of the carrier increases, the Proceeding as above, it can be obtained that remainders in 
length of the half wave dipole decreases. reverse order are 1, 0, 0, 0, 0, 0,. 
2. (a) Here, E,,, = Therefore, number of bits in decimal number 32 i is 6. 
‘ Behn Seer end Hise aOR ot (iii) To find bits in decimal number 64 : 
ee Nelaa ie hy 2 Proceeding as above, it can be obtained that remainders i in 
Eniay Ein? 2s —0 6 
Now, m, = —“—__™1 = ——<£ =1 reverse order are 1, 0, 0, 0, 0, 0, 0. 
Emax + Emin . 2E, +0 Therefore, number of bits in decimal number 64 is’7. 
(b) E,,, = 15 E, (b) The each of the three given decimal numbers, say N can 
Bag = EGE, = 2:5E, be represented as 
and E,,i,=E,-15E, =-0-5E, N= 2" 
2-58. —(—0:5.E,) (i) Now, 16 = 2” or n=4 
Now, ™, = 6 ieee iG oa = Therefore, number of bits in decimal number 16, Which i is 
3. F f ai Me 1 5, is equal to4+ lien +1. 
- Frequency range of audio signal, 


fin = 370 Hz to 2-5 kHz 
= 0:37 kHz to 2-5 kHz 
Carrier frequency, f= 80 kHz 
(a) Frequency range of upper side band 
= 80 + 0:37 to 80 + 2:5 
= 80-37 kHz to 82-5 kHz 


(ii) Now, 32 = 2” or N= 5 
Therefore, number of bits in decimal number 32, which is 
6, is equal to5+ lien +1. 

(iti) Now, 64 = 2” or n=6 

Therefore, number of bits i in decimal number, 64, SP obictha is 
8, is equal to 6 + 1 ie. n+1. 
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CHAPTER 


gag 2.01. EARTH’S ATMOSPHERE 

The gaseous envelope surrounding the earth is called earth’s atmosphere. 

At sea level, by volume, dry air contains 78-08% nitrogen, 20-95% oxygen, 
-93% argon, 0-03% carbon dioxide, 0:0018% neon and traces of gases, such as 
elium, kyrpton and xenon. In addition to the above, air contains water vapours, 
ydro-carbons, hydrogen peroxide, sulphur compounds and dust particies. Atie 
ompo-sition of earth’s atmosphere varies very slightly with altitude. It remains 
ame up to a height of 100 km, but its density goes on decreasing as we go up. The 
arth’s atmosphere has no sharp boundary. It has been divided into a number of 
egions (or layers) as shown in Fig. 2.01. They are as explained below : 

1. Troposphere. This region extends up to 12 km from the surface of the earth. 
ts density varies from 1 kg m7 at the surface of earth to 0-1 kg m‘® at the top of 
his layer. All the water vapours of the atmosphere are contained in this layer. In 
his part of atmosphere, temperature decreases with height from 290 K to 220 K. 

2. Stratosphere. This region of atmosphere extends from 12 km from the 
surface of earth upto 50 km and it forms practically clear sky. The density of 
atmosphere in this region varies from 0:1 kg m™ to 107 3 kg m- and the temperature 
varies from 220 K to 280 K. At the upper extreme of this region, there is a layer of 
ozone between 30 to 50 km from the surface of earth, in which most of the 
atmospheric ozone is concentrated. Ozone layer absorbs a large proportion of ultra- 
violet radiation radiated by the sun and therefore it protects the life on earth from 
‘ts harmful effects. The ozone layer is also called ozonosphere. 

3. Mesosphere. The region of earth’s atmosphere between 50 to 80 km from 
the surface of earth is called mesosphere. The density of the atmosphere in this 
region varies from 10-3 kg m™ to 10> kg m-? and the temperature varies from 
290 K to 180 K. 

4. lonosphere. This region of earth’s atmosphere extends from 80 km to 
400 km from the earth’s surface. This is the outermost part of the atmosphere and 
it receives maximum energy from the sun. As we go up, the temperature 
increases with altitude from 180 K to 700 K and the density of this region varies 
from 10-° kg m3 to 10710 kg mr’. 

Due to low pressure in this part of atmosphere, ionisation is produced by ultra- 
violet radiation and X-rays from the sun. As a result, the concentration of electrons 
and positive ions is very large in this region and for this reason, itis called ionosphere. 
At about 90 km from earth’s surface, the electron concentration becomes very large 
and extends vertically up to 140 kilometres approximately. This layer of electrons 
is known as Kennelly Heaviside layer. The electron density, then, decreases consi- 
derably ; until at a height of about 250 km, a belt of electrons is again met. Itis known 
as Appleton layer. It extends up to 400 km. 

The ionosphere plays an important role in the transmission of radiowaves 
round the curved surface of earth. It is because of its property of reflecting 
electromagnetic waves of radio frequencies. However, it proves an obstacle in 
radioastronomy, as it reflects a large part of radiowaves from the stars. 


me 2-02. PROPAGATION OF ELECTROMAGNETIC WAVES 


A stationary electric charge produces a static electric field around it. A steady 
current implies the uniform flow of electric charges. Since a steady electric current 
produces a steady magnetic field around it, it follows that an electric charge in 
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Fig. 2.01 


The electromagnetic waves of radio 
frequencies are reflected by ionosphere 
and this effect is used for transmission of 
radio signals round the curved surface of 
the earth. 
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uniform motion produces a steady or stationary electric field. On the other hand, » a 
an accelerated charge produces a magnetic field, which varies with time andspace.. 
Since an electromagnetic wave is associated with a magnetic field, which is dependent . a ae oo an 
on time and space, it follows that an accelerated charge is the source of . ‘4 
electromagnetic waves. The most common way of possessing accelerated motion ; spidienl 
is to possess simple harmonic motion. Therefore, a charge oscillating harmonically 
with a frequency f produces electric and magnetic fields at that point, which vary 
sinusoidally with the frequency f and then produce electromagnetic waves of the a 
same frequency. e 

The variations in electric and magnetic fields in an electromagnetic wave are __ fields, whi 
perpendicular to each other and to the direction of propagation of the wave. As said to each oth 
earlier, electromagnetic waves do not require any material medium and they ~ = = 
propagate in free space with the velocity of light. 

In 1865, Maxwell had predicted the propagation of electromagnetic waves in 
the form of varying electric and magnetic fields, which produce each other. It was 
concluded that the accelerated charge is the source of electromagnetic waves. In 1887, 
Hertz experimentally demonstrated the production of electromagnetic waves by 
using a spark oscillator and then succeeded in detecting them upto a distance of 
several hundred metres. 

Fig. 2.02 shows the experimental arrangement (in principle) to transmit 
electromagnetic waves produced by an LC-circuit (tank circuit) using a half-wave 
antenna. Due to the oscillating charge on capacitor, the two ends of the antenna 
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Fig. 2.02 Ronee) 
become alternately positive and negative, when the LC-circuit produces LC- . ,., 
oscillations. As a result, the electric field is always parallel to the plane ofthe antenna, |, _ 
while the magnetic field is at right angles to it. The orientation of the electric field HOY 
with respect to the surface of earth is known as polarisation of the electromagnétic ©” 
wave. If the plane of the electromagnetic wave is horizontal in respect to earth, the 
wave is said to be horizontally polarised. On the other hand, if the electric fieldis ° ~ 
oriented vertically, the wave is said to be vertically polarised. For the vertical ~'": 
orientation of the antenna, electric and magnetic fields constituting tHe coer a Bee ts eS Vo bind 
electromagnetic waves propagate in space as shown in the figure. Since the intensity:) |». de fa Choe 
of the two fields varies sinusoidally with the amplitude.of the current oscillations, . 7H A) SabL Tight 
the fields are represented by travelling sine-waves at right angles to-each other...) ssejj 4 sea. 

Further, as the antenna is vertical, the electric field is also vertically oriented and _ hawohns oniteorianeut ris 
hence the waves are therefore, vertically polarised. If the antenna is turned parallel .. . «); iki 
to horizontal, the electromagnetic waves would be horizontally polarised. Thus, enaetitie 
wave polarisation is primarily a function of the antenna orientation. ae Pre’ 

It may be pointed out that the velocity of electromagnetic waves in free space 
is equal to the ratio of the amplitudes of electric and magnetic fields i.e. 
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In the field of radiocommunication, radiowaves are used. The ra iowaves - * ri 
range from 3 kHz to about 300 GHz (1 GHz = 10° MHz) in the electromagnetic 
spectrum. The radiowaves have been subdivided into the following classes : 


3 kHz to 30 kHz 


ety 


Very-Low Freq 10 km to 100 km 


Low Frequency (LF) 30 kHz to 300 kHz 1 km to 10 km 
Medium Frequency (MF) 300 MHz to 3 MHz 100 m to 1 km 
High Frequency (HF) 3 MHz to 30 MHz 10m to 100m 
Very-High Frequency (VHF) 30 MHz to 300 MHz 1mto10m 


Ultra-High Frequency (UHF) 300 MHz to 3 GHz 10cm to 1m 


Super-High Frequency (SHF) 3 GHz to 30 GHz 1 cm to 10 cm 


Extermely-High Frequency (EHF) | 30 GHz to 300 GHz 1mm to1cm 


gue 2.04. SPACE COMMUNICATION (RADIOWAVE PROPAGATION) 


Depending on the type of transmission, following are the three types of space 
“ommunication : 

1. Amplitude modulated communication 

2. Frequency modulated communication 

3. Microwave communication 


que 2.05. AMPLITUDE MODULATED COMMUNICATION 


In amplitude modulated communication, propagation of radiowaves from the 
transmitting antenna to the receiving antenna takes place in the following two 
important ways : 

1. Ground wave propagation 2. Sky wave propagation 

1. Ground wave propagation. The ground wave propagation may be further 
subdivided into two categories : 

(a) Surface wave propagation. When the radiowaves from the transmitting antenna 
propagate along the surface of the earth so as to reach the receiving antenna, the wave 
propagation is called surface wave propagation. 

The transmitted radiowave is supported at the lower edge by the ground. The 
radiowaves have to be vertically polarised so as to prevent the short circuiting of 
the electric field component of the wave. The radiowave induces current in the 
ground over which it passes. It attenuates to some extent due to partial energy 
absorption by the ground. 

The surface wave gets attenuated due to one other reason also. As the wave 
propagates over the earth, it gradually tilts over. It is called diffraction effect. At 
some distance from the transmitting antenna, the wave ‘lies down and dies’. The 
maximum range of such a transmitter depends on its frequency as well as its 
power. Surface wave propagation is of importance only for medium and long 
wave signals. All amplitude modulated radio signals received in day time 
propagate by means of surface waves. For TV and FM signals (signals of very 
high frequency), the ground wave propagation is not used. It is because, at high 
frequency, the ground wave signal is reduced in strength by absorption to such 
an extent that it virtually becomes useless beyond an area of a few kilometres 
around the transmitting antenna. a 

(b) Space wave propagation. When the radiowaves from the transmitting antenna 
reach the receiving antenna either directly or after reflection from the ground or in troposphere, 
the wave propagation is called space wave propagation. 

The troposphere is the portion of the atmosphere closest to the earth. It extends 
upto 12 km from the surface of the earth. The radiowaves reflected from the 
troposphere are also called tropospheric waves. From the transmitting antenna, the 
radiowaves follow path 1, so as to reach the receiving antenna directly, path 2 so 
as to reach after reflection from ground and path 3 in order to reach after reflection 


if 


from the troposphere [Fig. 2.03]. Since in none of the three canes the Tadiowaves 
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Fig. 2.03 
are subjected to continuous absorption by the earth, the signal in this case can reach 
considerably farther than in case of ground wave propagation. Therefore, space 
wave propagation can be utilised for transmitting high frequency TV and FM signals. 
However, undesirable effects occur in space wave propagation due to phase reversal 
(by 180°) of the ground- reflected wave. For example, if the ground-reflected and 
direct waves reach the antenna after travelling the same length of the path (or 
differing by some integral multiple of the wavelength), they will arrive at the antenna 
180° out of phase with each other and thus almost completely cancel out. However, 
if the path lengths of the two waves differs by one half wavelength (or phase 
difference 180°), the effective path difference will become integral multiple of 
wavelength. Then, tne two waves will reinforce each other, resulting in increased 
signal strength. It follows that if the height of the receiving antenna is increased, the 
respective path lengths of the of the waves will alter and alternate points of 
maximum and minimum signal strengths will be encountered. This phenomenon 
is called selective fading. 

2. Sky wave propagation. When the radiowaves from the transmitting antenna reach 
the receiving antenna after reflection in the ionosphere, the wave propagation is called sky 
wave propagation. 

The upper part of the atmosphere absorbs large amounts of radiant energy from 
the sun. The intensive heating of the atmosphere during day time causes ionisation, 
resulting in free electrons, positive ions and negative ions. However, due to different 
chemical compositions and physical properties of the atmosphere at different 
heights, the ionisation in the atmosphere is not uniform. The electron concentration 
is found to be large first in a layer extending from 90 km to 140 km from the surface 
of earth, called Kennelly Heaviside layer (or E-layer) and then ina layer extending 
from 250 km to 400 km, called Appleton layer (or F-layer). During the night, E-layer 
disappears almost completely. Therefore, it cannot be used for high frequency radio 
communication via sky wave during nighi time. The F-layer proves most useful for 
long distance transmission of high frequency radiowaves (2 to 30 MHz). 

Fig. 2.04 shows the sky wave propagation due to reflection of radiowaves from 
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Fig. 2.04 


E and F-layers of the ionosphere. The radiowaves which are radiated at a small 
vertical angle along the path 1 are reflected from the F-layer and return to earth at 
a great distance from the transmitting antenna. On the other hand? the radiowaves 
which are radiated at a somewhat greater vertical angle !are reflected from the 
E-layer. Since it enters the ionosphere sooner (E-layer is closer to the earth), it is 
reflected back more quickly and at a shorter distance from the transmitting antenna. 


s first received after returning to oh is called skip distance. However, the signal 

an be heard up to some point, say P via ground wave. The distance OP is called 
round wave range. Therefore, over the distance between points P and A, no signal 
vill be heard. It is called skip zone. In case the sky wave signal remains sufficiently 
trong after returning to the earth at point A, it may be reflected by the earth and 
again by E-layer, thus returning to the earth in a series of hops, separated by the 
skip distance. In this manner, the signal can be transmitted all over the earth. 

As the vertical angle of the radiowaves w.rt. earth is increased, the ionospheric 
layers become uncapable of reflecting them back to the earth. As shown in Fig. 2.04, 
the radiowaves transmitted along the paths 3 and 4 pass through the ionosphere 
after undergoing refraction (bending). The angle above which the radiowaves are 
no longer reflected by the ionospheric layer is called critical angle of radiation. The 
radiowaves above this angle may be refracted by the ionosphere, but they are not 
reflected back to the earth. The value of the critical angle depends on the density 
of ionisation (or electron concentration) and on the frequency of the radiowaves. 
As the frequency increases, the ionosphere becomes progressively less effective. 
Therefore, with the increase in frequency, the value of the vertical angle should also 
be decreased so that the waves can reach the earth after reflection. At frequencies 
above 30 MHz (approximately), the signal is no longer reflected back, even when 
the vertical angle is smallest possible. The exact frequency at which this occurs 
depends on the density of ionisation, which is affected, in turn, by sun spot cycles 
and by daily and seasonal variations. In fact, the height of the ionospheric layers 
and their density of ionisation vary from hour to hour, day to day, month to month 
and season to season. It makes the sky wave propagation least reliable as sudden 
fadeouts and disappearances of signals occur so often. 
gum 2.06. FREQUENCY MODULATED COMMUNICATION 

The TV signals are frequency modulated. The transmission of TV signals cannot 
be obtained through ground wave propagation, as such signals get absorbed by 
ground due to their high frequency. On the other hand, TV signals cannot be 
transmitted via sky wave propagation, as ionosphere is unable to reflect radio waves 
of frequencies greater than 40 MHz. Therefore, the only way out for the transmission 
of TV signals is that the receiving antenna should directly intercept the signal from 
the transmitting antenna. To achieve larger TV coverage, transmission of TV signal 
is done from a tall antenna. 

Fig. 2.05 shows a TV antenna AB of height i. Due to curvature of the earth, the 
transmitted signal can be received upto a maximum distance AR, (or AR,) from 
the antenna. Let AR, = AR, = 4 (say). Therefore, the TV signal will be received in a 
circle of radius d. As said earlier, the distance d is limited by the curvature of earth. 
Let us derive the relation between height (/) of the TV antenna and the maximum 
distance (d), up to which the TV signal can be received. 

From right angled triangle OBR,, we have 

OB? = BR,2 + OR;? 
Taking BR, ~ AR, = d, we have 
(R +h)? = d2 + R? . 

or d2=h*+2hR in 

Since h is small as compared to the radius of the earth, h2 can be neglected as 
compared to 2hR. Therefore, 

d2=2hR 


or a= /j2hkR ...(2.02) 


The above equation gives the estimate of the distance up to which TV signals 


will be received, when a transmitting antenna of height h is used. 
gue 2.07. MICROWAVE COMMUNICATION 


The radiowaves of frequencies greater than TV signals are called microwaves. 
These waves have wavelengths of the order of a few millimetres. Because of their 
small wavelengths, microwaves can be transmitted:as a beam ina particular 
direction. The microwaves are used in radars to site the aeroplanes in space and to 
know their distances from the radar station. The distance. is-calculated. by, noting 
the time delay in receiving the reflected signal. In recent times, microwaves have 
totally changed the concept of telecommunication. Now, with the help of 


antenna and the pointA, where the sky wave 
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geostationary satellites, it is possible to send signal from one point on earth to 
practically any other point on the earth. 


An artificial object placed in orbit around the earth (or any other planet) is-called a 
satellite. 

A satellite moves in an orbit around the earth under the action of gravitational 
pull. It can be easily deduced that period of revolution of the satellite in an orbit at 
a height x above the surface of earth, 


3 
T=20 ae 2.03) 


where R is radius of the earth. 

There are hundreds of artificial satellites revolving around the earth, which are 
used for different purposes. Depending on the task to be performed by the satellite, 
itis put in a suitable orbit. A geostationary satellite always stays over the same place 
above the earth i.e. it appears stationary relative to the earth. 

For a satellite to appear stationary, the following conditions should be 
satisfied : 

1. It should revolve in an orbit concentric and coplanar with the equitorial plane. 

2. Its sense of revolution should be same as that of the rotation of earth about its own 
axis 1.e. anticlockwise direction ( from west to east). 

3. Its period of revolution around the earth should be the same as that of earth about 
its own axis i.e. exactly 24 hours. 

The equation (2.03) can be used to find the height of the geostationary satellite. 
From equation (2.03), we have 


Pacey ba: 
-(FE) —R 
4 


Since period of revolution earth, T = 24 hour = 24 x 3600s; radius of earth, 
R = 6400 km and g = 9-8 m s~ = 0-0098 km s~2, we have 


L/3 
24 * x 64007 x 0-009 km 
esi ed 6400 = 35,930 
1h 


Thus, a satellite will appear stationary, if it revolves around the earth from west 
to east in an orbit coplanar with equitorial plane and ata height of about 36000 km 
above the surface of the earth. Such an orbit is known as synchronous or 
geostationary orbit or parking orbit and the satellite revolving in this orbit is called 
geostationary satellite or simply a stationary satellite. The orbital velocity of the 
geostationary satellite comes out to be about 3-08 km s“!. Such a satellite will always 
appear to be over the same place relative to an observer on the earth. The 
communication satellites are normally put into a geostationary orbit. 

Microwave communication systems are used for long distance communication. 
Since at microwave frequencies, electromagnetic waves cannot bend across the 
obstacles, such as the top of the buildings, mountains, etc, it is'therefore necessary 
that microwave transmission is in line-of-sight. Due to curvature iri the surfate of 
earth, the range of microwave transmission is very small (~ 50 km).:The range-of 
microwave transmission is also limited by the fact that signals gets weaker and 
weaker as it propagates. However, these problems are overcomeby using repeaters 
at intervals between the transmitter and the receiver. Due to this, the cost of 
transmission of signal between the two stations increases. #) 15). ryt 

The problems faced in a microwave communication system are solved to a large 
extent by using a geostationary satellite as a communication satellite. A communi- 
cation satellite is basically a microwave relay station placed in geostationary orbit 
around the earth. When the signal from the transmitting station on earth is beamed 
to the satellite, it reflects the signal back to the receiving station on earth. As'such, 
the satellite provides point-to-point link between two earth stations. A geostationary 
satellite can establish communication link over a large area of the earth, but a single 
satellite cannot be used to connect people all around the/earth! Phe leomnmiunication 
link all around the earth is established by putting three geeskitionariy satellites in 
synchronous orbit, 120° apart from each other. It is done by transmitting the signal 
from one such satellite to the other. 
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In case two communication satellites operate in the same frequency band or 
. close frequency bands, the signals undergo distortion due to interference effects. 
his problem is overcome by making use of frequency bands of proper spacing for 
‘fferent satellites. In India, the satellite communication is achieved through its two 
ymmunication satellites INSAT-2 B and INSAT-2 GI 

Merits of satellite communication. The satellite communication has the 
slowing points of merit over other terrestrial means of communication : 

1. The satellite relays are wide area broadcasts, whereas the terrestrial relays 
re point-to-point. 

2. The satellite communication can be used for establishing mobile 
ommunication with great ease. 

3. The satellite communication proves much economical as compared to 
errestrial communication, more so when distances involved are very long. In fact, 
he cost of satellite communication is independent of the distance. 

4. In remote and hilly areas, such as Himachal Pradesh, Ladakh, etc, satellite 
ommunication is most cost effective. 

5, For search, rescue and navigation, satellite communication is far accurate 
ind economical as compared to other systems. 

The communication satellites are now being used in Global Positioning System 
GPS). The ordinary users can find their positions within an accuracy of 100 m. 

Drawbacks 1. From security and privacy point of view, the communication 
satellites are complete disaster. It is because, signalling from the communication 
satellite is open to all i.e. everybody can hear everything. 

2. The satellite equipment is subject to extreme environmental stresses. If a 
system on the satellite goes bad, it is almost impossible to repair it. 

3. Due to extremely large communication path length (about 2 x 36,000 km), 
there is a time delay between transmission and reception. This delay causes a time 
gap during talking, which proves quite annoying. 
gum 2.09. REMOTE SENSING 

Any method of obtaining and recording information from a distance is called remote 
sensing. 

In remote sensing, information about an object or area under investigation is 
acquired through sensors, which are not in direct contact with the target of 
investigation. Areal photography is one kind of remote sensing. Areal photographs 
of the target are taken from a large distance. This technique was earlier used for 
military purposes.Now, the areal photography is used in archaeology, survey of 
earth resources and in town and country planning. Such sensors are placed on the 


satellite revolving round the earth, which takes photographs or collects the desired _ 


data and transmits them back toearth. = 

The following two types of satellites are used for long distance communi- 
cation : ate of 
1. Passive satellites. The satellites, which are used only for reflecting the signal back 
to the earth, are called passive satellites. 

A passive satellite is not equipped with electronic devices, which may be used 
for processing or amplifying the signal. A reflector on the satellite merely reflects 
the signal back to the earth. So that signal of suitable strength reaches the earth station 
back after reflection, the signal from the transmitting éarth station has to beamed 
with good enough power. It, therefore, requires a very powerful transmitter. 

2. Active satellites. The satellites, which carry various equipments so as to process 
the signal, amplify it and then retransmit it back to the earth, are called active satellites. 

The electronic devices used for these purposes are usually high resolution 
cameras, microwave scanners, infra-red scanners; etc. Such devices are called active 
devices or sensors and can be commanded from the earth stations. Therefore, remote 
sensing is possible only through active satellites. The power required for operating 
such devices is derived from the solar panels of the satellite. These devices can record 
the information gathered by them. The information collected by the sensors is 
beamed down to earth in digital form, which is then converted into maps and 
pictures by the computers. ofing dud ities oli lo 6915 By 

Uses of various types of sensors. 1. The photegraphsitaken.by, the camera 
provide a variety of information including archaeological evidence and weather 
data. [ ophA nit 
2. Microwave sensors make use of radar waves and enable us to see through 


clouds. 
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Acquiring information about an object 
under investigation through sensors, 
which are not in direct contact with the 
target, is called remote sensing. 


3. Infra-red sensors can measure temperature differences over anarea.  __ 

Now a days, remote sensing is used in geological surveys, water resources 
surveys, meteorology (weather forecasting), climatology (monitoring climate 
changes), oceanography (temperature of sea surface and monitoring oil pollution) 
and coastal studies (sewage and industrial waste monitoring). Apart from this, 


remote sensing is employed in land surveys, forestry and natural disasters. 


__ SOLVED NUMERICAL PROBLEMS") 


Problem 2.01. Calculate the time delay between the 
reception of the ground wave and the sky wave fora 
receiver at a distance of 200 km from the transmitter, given 
that the reflecting ionosphere layer is effectively at a height 
of 100 km. 

Sol. Let A and B be respectively transmitter and receiver 
on the surface surface of earth [Fig. 2.06]. 


—————— 200 km ———_> 


Fig. 2.06 
Here, distance between transmitter and receiver 
AB = 200 km = 2 x 10°m 
Height of ionoshpere layer, 
CN = 100 km = 10° m 
Let te be time of travel of ground wave. Then, 
» _AB_ 2x10° 
§ sce and 
The sky wave follows that path AC and then CB to reach 
the receiver. Therefore, distance transversed by the sky wave, 


FAQS 


Q. 2.01. What is a ground wave? (HS.S.C.E. 1998 S) 
Ans. A radiowave signal propagating from one point to 
another following the surface of earth is called a surface or 
ground wave. 

Q. 2.02. Why are short waves used in long distance 
broadcasts ? Or (CR Ron aw kis) 

Long distance radio broadcasts use short wavebands. 
Why ? (Text Question) 

Ans. The short waves (wavelength less than 200 m or 


=6-67x 1045 


frequencies greater than 1500 kHz) are absorbed by the earth | = 


due to their high frequency but are effectively reflected by 
F-layer in ionosphere. After reflection from ionosphere, the 
short waves reach the surface of earth back only at a large 
distance from the transmitter. For this reason, short waves 
are used in long distance transmission. ail rad 3 
Q, 2.03. State the reason why ground waves-cannot be 
transmitted above the frequency range of 1500-kHz. 
(C.B.S.E. 2001) 


FREQUENTLY ASKED: VERY SH 
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AC +CB=AN? +CN2 +,/BN? + CN? 
= 1007 + 1007 + /1002 + 1002 = 283 km 


= 2:83 x 10° m 
Let t, be time of travel of sky wave. Then, 


_ AC+CB__ 2:83x 10° 


te eo is 
c 3x10 | 
Hence, time delay, t, - t, = 9-43 x 10+ - 6-67 x 104 
=2-76x10+s 


Problem 2.02. (a) A TV tower has height of 80 m. Finc 
the radius of the circle within which the transmission car 
be observed, if radius of earth is 6-4 x 10° m. 

(b) How much population is covered by the T\ 
broadcast, if the average population density around towe: 
is 800 km~? ? (H.S.S.C.E. 1996, 

Sol. (a) Here, h = 80m ;R=6-4 x 10°m 

If d is the radius of the circle within which the transmis 
sion can be observed, then 


d= J2hR =2x80x6-4x10° =32x 104m 
(b) Area in which transmission can be viewed, | 
A=a d= x (3:2 x 104)? 
= 3-217 x 10? m? = 3-217 x 103 km? 
Since average population density, o = 800 km-2, 
the population covered by the transmission 
= Ax 0 =3:-217 x 10° x 800 = 2-574 x 10° 
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JERQUESTIONS 
With Answers/Hints 
Or 
Why is the transmission of signals using ground 
waves restricted upto a frequency of 1500 kHz? 
(C.B.S.E. 1999,,1998 S) 
Ans. It is because, on further increasing the frequency 
of the signal, the absorption of the signal from the ground 
increases. AYO 
Q. 2.04. Why ground wave propagation is not suitable 
for high frequency ? feat 1 (Text Question) 
Ans. Refer to VSQ 2.03. j 
Q. 2.05. It is necessary to use satellites for long distance 
TV transmission. Why ? 
sist o MALRS,S.C.E. 1998 S ; H.S.S.C.E..1992, Text Question) 
s. Television signals are not reflected by ionosphere. 
The TV signals from an earth station are reflected back to 
earth by making use of artificial satellite. 


06. State two factors by which the of 
ion of signals by a TV tower can be increased. 
(C.B.S.E. 1998 S) 

Ans. 1. By increasing the height of the tower. 

2. By increasing the height of the receiving antenna, so 
it it may directly intercept the signal from the transmitting 
tenna. 

Q. 2.07. Greater the height of a TV transmitting 
tenna, greater is its coverge.” Explain. 

(P.S.S.C.E. 2001, 1993) 


nsmiss 


FAG) | FREQUENTLY-ASKED SHORT ANSWER QUESTIONS 


Q. 2.01. In a radio receiver, the short-wave and 
edium-wave stations are tuned by using the same 
pacitor but coils of different inductance. Explain, why the 
ductance in the former case is less than that in the latter 
se. (Roorkee, 1986) 

Ans. Suppose that the short-wave station receives 
snals of short wavelengths(,), while the medium-wave 
ation receives that of medium wavelengths (,,,). 

Let f,, and f, be corresponding frequencies of the 
edium-wave and short-wave signals. If c is speed of the 
diowaves, then 


c c 
fm = qn and f= i 
Since =A, >As fim <fe 
Let L,, and L, be the inductances of the medium-wave 
id short-wave coils respectively and C be the capacitance 
f the capacitor of the tuning circuit (LC- circuit used for 
ining the signal). Then, 


1 
fm 


jeige afl 


1 ‘ 
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Dividing the equation (i) by (ii), we have 


Pree 
fs Chi whit 
Since f,,, < f,, it follows that 
Le icalanes 

e.the inductance of short-wave coil is less than that of the 

nedium-wave coil. 
Q. 2.02. Explain the two ways, by which electromag- 
etic waves are propagated in atmosphere. 
ope ite (P'S.S.C.E. 1998) 


un) 


(ii) 


and 
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Ans. Refer to section 2.05. 


1. What is earth’s atmosphere ? Classify it into different 
layers. (H.P.S.S.C.E. 2002) 

2. Name the different layers of earth’s atmosphere. Explain 
them in brief. fA 


3. Discuss briefly the behaviour of earth’s atmosphere | 


towards the propagation of electromagnetic waves. 
(H.P.S.S.C.E. 2000) 


FREQUENTLY ASKED SHORT ANSWER QUESTIONS 
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Ans. Here, d= V2hR 
In case, height of tower (h) is increased, the distance (d) 
up to which TV coverage can be done will also increase. 

Q. 2.08. What is a passive satellite ? 

Ans. The satellite, which is used only for reflecting the signals 


“back to earth stations, is called a passive satellite. 


A passive satellite does not have equipments on it, so as 
to amplify the signal received from the earth. 


With Answers/Hints 


Q. 2.03. Why is short wave communication over long 
distance not possible via ground waves ? 
(H.S.S.C.E. 1998 S) 
Ans. Refer to section 2.05 and VSQ 2.02. 
Q. 2.04. Explain the terms (i) ground waves and (ii) sky 
waves. (H.S.S.C.E. 1999 S ; H.P.S.S.C.E. 1996, 1991) 
Ans. Refer to section 2.05. 


Or 

Why is the transmission of signals using sky waves 
restricted to frequencies greater than 30 MHz ? 

(G:B.S.E. 1999) 

Ans. The television signals have frequencies in 100-200 
MHz range. As ionosphere cannot reflect radio waves of 
frequency greater than 40 MHz back to earth, the sky waves 
cannot be used in the transmission of TV signals. 

Q. 2.06. What is role of sky wave propagation in 
transmission of high frequency signals ? Explain. 

(HiS/S:6.E: 1999 5) 

Ans. Refer to section 2.05. 

Q. 2.07. Optical and radiotelescopes are built on the 
ground, but X-ray astronomy is possible only from satellites 
orbiting the earth. Why ? (Text Question) 

Ans. The earth’s atmosphere is transparent to visible 
light and radiowaves, but absorbs X-rays. Therefore, X-ray 
astronomy is possible only from satellites orbiting the earth. 

Q. 2.08. What is an active satellite ? How is it different 
from a passive satellite ? 

Ans. The satellite that is equipped with electronic devices so 
a receive the signal from the earth station, process it, amplify it and 
then retransmit it, is called an active satellite. 

In addition, an active satellite carries different types of 
sensors (camera, infra-red scanner, microwave scanner, etc), 
which transmit information in the form of data and pictures 
to the earth stations. A passive satellite does not have any 
such equipement on it. It is used only for reflecting the signals 
back to the earth stations. 


Carrying 3 Marks 

4. What are different modes of propagation of radiowaves ? 

(Text Question) 

5. Whatisa ground wave ? Why short wave communication 
over long distances is not possible via ground waves ? 

od MN Bxplain surface wave (ground wave) and sky wave 

propagations of radiowaves. Why is short wave 

communication over long distances not possible by surface 

wave propagation ? (C.B.S.E. 1997) 
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7. Differentiate between ground wave and sky wave Derive the expression for the maximum range up pto v 


propagation. (H.P.S.S.C.E. 2000) TV signals can be received on earth’s surface. 
8. What.is ionosphere ? Explain its importance in (C.B.S.E. 2000, 1999, 1996, 
communication. (Text Question) 13. “Greater is the height of a TV transmiting antenna, g1 
9. Why sky wave transmission of electromagnetic waves is its range.” Prove. (ALP.SiS.GIED. 
cannot be used for TV transmission ? Suggest two methods 14. What mode of communication is employed fo 
by which the range of TV transmission can be increased. transmission of TV signals ? Explain why TV transmi 
(C.B.S.E. 2001 S) towers are usually made very high. (Text Que: 
10. ATV tower has a height h. Derive the expression for the 15. What isa geostationary satellite ? How can it be usec 
maximum distance upto which signals be received on communication satellite ? 
earth. (H.S.S.C.E. 2001) 16. What are the merits of satellite communication ove 
11. Deduce an expression for the distance at which TV signals terrestrial means of communications ? Give two ¢ 
can directly be recieved from a TV tower of height h. backs of satellite communication. 
(H.P.S.S.C.E. 2000, 1997) 17. What is remote sensing ? Explain in brief. aEe 


REQUENTLY SKED LONG ANSWER “UESTIONS | 


Carrying’ 5 Marks 


1. Explain the ground wave and sky wave propagation of communication satellite. What do you mean ai re 
electromagnetic waves with the help of necessary sensing ? Explain in brief. 
diagrams. 3. What is remote sensing ? Explain briefly how it is cé 
2. Explain, how a geostationary satellite may be used as out. Mention some of its applications. ~ (Text Que: 


/ REQUENTLY » SKED NUMERICAL /ROBLEMS..... 


%., For, Practice 


1. A ratio can tune to any station in the 7-5 MHz to 12 MHz density around the tower is 1000 km™ ? Given, radi 
band. What is the corresponding wavelength band ? earth = 6:37 x 10°m. ‘[Ans. 4 > 
(Text Problem) 3. ATV tower has a height of 150 km. How much po 
[Ans. 25 m to 40 m band] tion the TV broadcast covers, if the average ‘popul 
2. A TV tower has height of 100 m. How much population density around the tower is 1000 km ? Radius of 
is covered by the TV broadcast, if the average population is 6-4 x 10°m (Text Problem) [ Ans. 6: 032 y 

1. Let, and/, be wavelengths corresponding to frequencies 2. Here,h = 100m,R=637x108m — aes 
7-5 MHz and 12 MHz respectively: Then, Radius of circle within which transmission can be vie 

of se HAS 
tect i. d=/2hR= 2x 100*6- 37x 10 357 x 104 m 
a rH Ss 75x 10° = 40m Area in which transmission can be viewed, 
: A=ad= 2% (357 x 1042 ='4:004 x10? m?=4 x 10° k 
ins Fae Population density-= 1000. km. HSH : 
and 42 = if 7 qDpeqeiea ite Therefore, population covered, by. transmission Ye 


= 6 
Therefore, wavelength band corresponding to the given 410° x 1000'=4 x 10 
frequency band is 25 m to 40 m. 3. Proceed as in problem no. 2. 
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ga 3.01. TRANSMISSION MEDIUM ; 

The link, which transfers information (message signal) from the information source 
to the destination, is called transmission medium or link. 

In any communication system, transmission medium plays an important role. 
In fact, transmission media are the electronic roadways along which the signal is 
transferred from information source to the destination. So that the transmitted signal 
is received faithfully at the destination, it should not get distorted due to the 
transmission medium or pick up any extraneous noise. 

The transmission media are of the following two types : 

1. Guided transmission medium. The transmission medium, which enables the 
message signal to reach the destination by making it to follow a guided path, is called a guided 
transmission medium. 

A guided transmission medium is used for point-to-point communication. For 
example, in telephone as a communication system, the signal from the source reaches 
the destination by travelling along the copper wires. Thus, copper wires in telephone 
as the communication system act as guided transmission medium. Apart from 
copper parallel-wire lines ; twisted-wire lines (called twisted pairs) coaxial cables 
and optical fibres are other examples of guided transmission medium. 

2. Unguided transmission medium. The transmission medium, which enables the 
message signal to reach the destination along an unguided path, is called an unguided 
transmission medium. 

In space communication, there is no point-to-point contact between the 
transmitter and the receiver. Therefore, free space acts as an unguided transmission 
medium in space communication. 

However, in any transmission medium, the signal gets attenuated or suffers 
energy loss and is subject to degradations by random signals and noise. Therefore, 
in any communication system, there is a maximum permitted distance between the 
transmitter and the receiver, beyond which the system ceases to give intelligible 
communication. For trouble free transmission over a long distance, these factors 
necessitate the installation of repeaters at intervals. A repeater is a line receiver, which 
amplifies and equilizes the attenuated signal and then retransmits it for its continued 
transmission down the link. It also helps to remove signal distortion and to increase 
signal level. ' 


Gs 3.02) LINE COMMUNICATION 

In line communication, the response of transmission medium towards the 
signal to be transmitted plays an important role. The transmission characteristics 
of line communication depends upon the nature of the transmission medium and 
the nature of the signal. 

Following guided transmission media are used in line communication : 

1. Parallel-wire line (Ribbon). In a parallel-wire line, two metallic wires run 
parallel to each other inside a protective insulation coating (usually PVC insulation) 
as shown in Fig. 3.01. The metallic wires may be hard or flexible depending on the 
power to be handled. For high power transmission, hard wires are used. 

The parallel-wire line is employed, where balanced properties of the 
communication system are the main consideration factors. For this reason, such a 
wire line is also called balanced line. For example, TV antenna is a folded-dipole 
antenna. For connecting the TV to its antenna, the impedance of the parallel-wire 
line must match that of the TV. As such, parallel-wire line is found to be suitable to 
be used as TV antenna wire. 

Asystem of conductors is found to radiate energy in the form of radio frequency 
waves, when the separation between the two wires approaches a half-wavelength 
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Line Communication 


PVC INSULATION 


COPPER WIRE 


COPPER WIRE 


Parallel wire lines are not used for 


transmission of a microwave signal. It is 
because, at microwave frequencies, the 
energy loss becomes quite appreciable. 


at the operate frequency. Likewise, 
transmission line, it also radiates energy. Since the energy loss becomes of serious 
magnitude at the frequency of microwaves, parallel-wire lines are never used for 
microwaves. As the attenuation of signal increases with the length of the wire, a 
parallel-wire line is used for transmission of signal only up to a small distance. 

2. Twisted pair. Such a wire line consists of two insulated copper wires twisted 
around each other along their lengths as shown in Fig. 3.02. In a parallel-wire line, 
the current due to signal produces magnetic field around each of the two wires. The 
interference between the two magnetic fields may cause unacceptable variations in 


the level of signal current, which may result in a distorted signal at the receiving |. 
‘ ‘ » s 
end. In order to minimise this effect, the two metallic wires are twisted around each © 


other. The twisted-wire line is found to be suitable for narrow band transmission. 


When used in a computer network, such wires can transmit data up to a speed of — 


1500 bits per second. They are commonly used in the installation of telephone | 
systems. 

Let us estimate how many message signals can be transmitted over a twisted 
pair. An analog voice signal has a bandwidth of 3 kHz. In case it is to be transmitted 
as a modulated signal, it requires a bandwidth of 6 kHz. Therefore, if 100 such signals 
are to be transmitted over the twisted pair without their interfering with each other, 
one will require a bandwidth of 6 x 100 i.e. 600 kHz. 

In case the transmission of message signal is required to a large distance, the 
length of the pair of wires also becomes large. As a result, there is loss of power along 
the wires due to their finite resistance. Further, at high frequencies, a copper wire 
begins to act as antenna and start radiating energy in the surrounding medium. As 
a result, the message signal gets attenuated. 

The attenuated signal is usually boosted by using repeaters (amplifiers). 
Keeping all the factors in view, the transmission of signal over twisted pair is limited 
to a bandwidth of about 2 MHz (about 300 speech signals) and to a distance upto 
10 km. 

Merits. (i) They are quite cheap. 

(ii) They are very easy to install. 

(iii) They can be easily tapped. 

(iv) They are less prone to electrical disturbances (noise) as compared to 
parallel-wire line. 

(v) They can be used for transmitting both analog and digital signals. 

Demerits. (i) They can be used only up to a very small distance. 

(ii) They get easily broken during strong winds. 

3. Coaxial cables. It consists of a central copper wire surrounded by a PVC 
insulation over which a sleeve of copper mesh is placed. The copper mesh is covered 
with an outer shield of thick PVC material as shown in Fig. 3.03. The signal is 
transmitted by the inner copper wire, which is electrically shielded by the outer 
copper mesh. The outer copper mesh is always grounded (connected to earth). The 
use of coaxial cables does not necessitate the matching of the impendance of the 
different parts of a communication system. For this reason, it is also called an 
unbalanced line. 

Coaxial cables have a distinct advantage over the twisted pair. Since the copper 
mesh surrounds the central copper wire carrying the signal, the coaxial cables prove 
to be immune to external electrical disturbances. It is because, the magnetic fields 
produced by the electrical disturbances are unable to affect the signal*. Further, the 
loss of energy in coaxial cables is quite low in comparison to twisted pair, as the 
outer conductor (copper mesh) is invariably grounded. In some coaxial cables, the 
inner PVC insulation is replaced by a dielectric. 

Impedance of a coaxial cable. As said earlier, a coaxial cable consists of two 
conductors. Since each conductor has a certain length and diameter, it will have a 
resistance (R) and an inductance (L). Further, as the two conductors are very close 
to each other, they will possess some capacitance (C) between them. In case the coaxial 
cable has dielectric in place of the inner PVC insulation, the current leakaget through 
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The loss of energy is quite low, when 
transmission of even high frequency 
signal is done with a coaxial cable. 
Further, coaxial cables are immune 
external electrical disturbances 


eve 


*The magnetic field due to an electric current cannot penetrate inside a hollow conductor. 


tA dielectric is never perfect in its insulation. 


Fig 3.04 (a) Fig. 3.04 (b) 
alting equivalent circuit for a coaxial cable. It may be pointed out that L, R, C 
| G represent the respective quantities per unit length of the coaxial cable. It is 
ause, they are distributed throughout the length of the cable. 
When the coaxial cable is used to transmit a radio frequency signal (frequency 
y high), the inductive reactance (X; = 2 f L) is very large as compared to R. On 


1 
other hand, capacitive susceptance (s =2n f | is also very large as 


npared to the shunt conductance | G } In view of this, R and G can be ignored 


the equivalent circuit of the coaxial cable. As such, the equivalent circuit is 
plified to as shown in Fig. 3.04 (b). Since the cable does not offer any ohmic 
istance at radio frequency, no loss of energy and hence no attenuation of radio 
quency signal occurs, when transmitted along it. Because of this reason, the use 
oaxial cables in cable TV network becomes specially important. The attenuation 
signal along a coaxial cable is quite low (~ 5 to 10 dB km ean 
Reduced attenuation in coaxial cables increases the repeater spacing to about 
km and permits much larger bandwidth (~ 20 MHz). In other words, coaxial 
les can be used to transmitt about 3300 speech signals without their interfering 
th each other. 
Merits. (i) Although coaxial cables are costlier than parallel-wire line or twisted 
r, yet they are quite inexpensive keeping in view their performance. 
(ii) They are easily available. 
(iii) They are immune to noise upto a good level. 
(iv) They can be used to transmit data upto a speed of 10 megabits per second. 
(v) They are extensively used in long distance telephone lines and as cables 
for closed circuit TV. 
(vi) The attenuation of signal is very low along coaxial cables. 
Demerits. (i) They are more expensive than twisted pairs. 
(ii) It is more difficult to tap them as compared to twisted pairs. 


= 3.03. TELEPHONE LINKS 

Telephone is the most common means of communication. Individual telephone 
s ina locality are connected to telephone exchange box using a twisted pair. Such 
ephone exchange boxes in different localities in a city are connected by a thick 
sle, which carries various twisted pairs to the main telephone exchange. So that 
umber of persons can communicate with each other, direct connections by means 
a pair of copper wires have to be made between them. One can easily visualise 
4t this method may work only when the number of persons invclved is small. It 
because, if this method is adoped to connect a large number of persons, it will 
d to a wild jumble of wires passing over houses and trees all over the city. The 
lution to this problem was found through multiplexing. 

Multiplexing. Simultaneous transmission of number of messages over a single 
innel is known as multiplexing. 

Thechannel may be a pair of wires or free space. If the message is transmitted 
such (without modulation), the different massage signals over a single channel 
ll interfere with one another. It is because, the frequency spectrum (or bandwidth) 
all the message signals are identical. However, different message signals can be 
ansmitted Over a single channel without interference using multiplexing 
shniques. There are following two types of multiplexing techniques : 

1. Frequency division multiplexing. It makes used of analog modulation of 
essage signals. 


Simultaneous transmission of a number of 
messages over a single channel without 
their interfering with each other is called 


multiplexing. 
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sipnals. 

As said earlier, twisted pair can provide a bandwidth of 2 MHz, while coaxial 
cable, a bandwidth of 20 MHz. Microwave communication has helped in increasing 
the bandwidth further. 

Microwave link. It is quite a popular method of telephone link as it does not 
incur the expense of laying wire lines and cables. In microwave system, high 
frequency radio waves are used to transmit the voice signal. However, at 
microwave frequencies, the electromagnetic waves cannot bend across the 
obstacles, such as the top of the buildings and mountains. Therefore, it is necessary 
that microwave transmission is in the line-of-sight i.e. the transmitter and receiver 
of a microwave system, which are mounted on high towers, should be in a line. Due 
to curvature in the surface of earth, the range of microwave transmission is limited 
to just 50 km. The range of microwave transmission is also limited by the fact that 
signals become weak after covering a certain distance and require power 
amplification. To transmit over longer distances, it is necessary to bounce the 
microwave signal through a chain of towers to negotiate the curvature in the 
surface of the earth [Fig. 3.05]. To overcome the problem of power amplification 


REPEATER REPEATER 


sa lysates Tavs oe ls abe 
N ate Fooal f 


Fig. 3.05 

of weak signals in microwave link system, repeaters are used at intervals of about 25 
to 30 km between the transmitting and receiving stations. The first repeater is placed 
in line-of-sight of the transmitting station and the last repeater is placed in line-of- 
sight of the receiving station. Two consecutive repeaters are also placed in line-of- 
sight of each other. By making use of multiplexing technique, microwave 
. transmission system can send thousands of voice signals at the same time. 

Communication satellite link. The main problem with microwave link system 
is that the curvature in the surface of earth, mountains and other structures often 
block the line-of-sight. Due to this, several repeaters are normally required for long 
distance transmission, which increases the cost of signal transmission between the 
two stations. This problem has been overcome by us:ng communication satellites. 

A communication satellite is basically a microwave relay station placed in 
geostationary orbit around the earth. Such a satellite is stationary relative to earth 
and always stays over the same point on the ground. The Indian communication 
satellites INSAT-2 B and INSAT-2 C are positioned in such a way in the outer space 
that they are accessible from any place in India. 

Fig. 3.06 shows the block diagram as to how a typical long distance call from 
a calling subscriber to a called subscriber is made by making use of communication 
satellite as a telephone link. The call from the calling subscriber is routed to the local 
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exchange through a 2-wire line, which is then transmitted to the main exchange 
through coaxial cable. From the main exchange, the call is routed to earth satellite 


In microwave transmission syst 
transmitter and receiver must be in 
line-of-sight. It is because, at microw 
frequencies electromagnetic wa 
cannot bend around the obstac 
(mountains and other structures on 
surface of the earth) in their path. Furt 
curvature in the surface of earth also pc 
a problem. 


The communication satellites are used 
transmission of signals to overcome 
problems faced in microwave tre 
mission due to curvature in surface of 
earth and blocking of opr he By 
obstacles. 


tion, then transmits the call to the microwave system by simply 2-wire line. The 
mal is finally transmitted to the communication satellite, which beams it back to 
e microwave system at the far receiving end. The signal travels from the receiver 
the called subscriber in a similar manner, as it does from calling subscriber to the 
snsmitter. It may be pointed out that the signal gets quite weak while traversing 
long onward and return path (= 2 x 36,000 km) between the earth and the satellite. 
iis aspect is taken care of by the electronic devices on the satellite. Such devices 
nplify the signal before sending it back to the earth. To avoid the interference of 
e incoming weak signal and the powerful retransmitted signal, the transmission 
equency of the microwave system on earth is kept different from the retransmission 
equency of the system in the satellite. 
Advantages. 1. The satellite link serves as a single microwave relay station 

sible from any point of a very very large area on the surface of the earth. 

2. The transmission and reception costs are independent of the distance between 
e caller and the receiver. 

3. The quality of the received signal is much the same as that of the transmitted 
gnal. 

4. Three communication satellities (120° apart from each other) can be used to 
rovide the communication link over whole of the earth. 

5. The transmission station can receive back its own transmission and check, 
rhether the satellite has transmitted the signal correctly or not. 

Drawbacks. 1. The high cost of placing the satellite into its orbit is one of the 
1ajor drawbacks of this system. 

2. The signal delay caused by the extreme length of the transmission path 
etween sender and-receiver produces echo, which proves quite annoying. 

However, this problem is negated with electronic echo cancellers and 
upressors. 

3. This system also suffers from the point of view of security and privacy. The 
ignal transmitted from the satellite can be heard by any individual. 

However, this problem has also been overcome by coding the transmitted 
ignal. 
gam 3.04. OPTICAL COMMUNICATION 

The use of optical carrier waves for transmission of information from one place to 
nother is called optical communication. 

Historically, as early as in 1880, Alexander Graham Bell was successful in 
ransmitting a speech signal using a light beam. Some investigation of optical 
-ommunication continued in the early part of the twentieth century but its use was 
imited to low capacity communication links. This was due to both the lack of 
suitable optical sources and the problem that light transmission in the atmosphere 
's restricted to line-of-sight. Furthermore, light transmission is severely affected by 
the disturbances, such as rain, dust, fog, snow, etc. It led to the use of radiowaves 
for the transmission of information signal, as the radiowaves are far less affected 
by these atmospheric conditions and can be transmitted over considerably large 
distances. Since information carrying capacity of carrier waves is directly related 
to the band width (the greater the carrier frequency, the larger the available 
transmission bandwidth and hence greater the information-carrying capacity of the 
communication system), radio communication was developed so as to use 
radiowaves of even higher frequencies (VHF and UHF). 

Arenewed interest in optical communication began in 1960 with the invention 
of laser. It provided a powerful optical source, together with the possibility of 
modulation at high frequency. In addition, the long distance transmission of signals 
looked:a practical possibility due to low beam divergence characteristic of the laser. 
However, the atmospheric disturbances (rain, dust, fog, snow, etc) tended to restrict 
the transmission of signal with lasers fo short distance only. To avoid degradation 
of optical signal by the atmosphere, in 1966, optical fibres were developed as 
waveguides. Such systems were viewed as a replacement for coaxial cables in 
transmission systems. The optical fibres developed initially exhibited very high signal 
attenuation (~ 1000 dB km=!) in comparison to coaxial cables (5 to 10 dB kmr!). In 
addition to it, there were serious problems involved in jointing the fibre cables in a 
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atisf 10 years, « 
5 dB km! and suitable low loss jointing techniques were perfected. 

In optical communication, light is transmitted in the form of light pulses along 
an optical fibre as transmission medium. Since wavelength of light is very small as 
compared to the radio frequency waves, it provides a very large bandwidth and 
can carry a huge amount of information. In order to have an estimate, consider that 
light emitted from a He-Ne laser is used for optical communication. The 
wavelength of light emitted from He-Ne laser is 6328 A, which corresponds to the 
epee 4-74 x 10!4 Hz. Suppose that just 1% of this frequency bandwidth i.e. 
4-74 x 10'? Hz is used to transmit TV signals, which require a bandwidth of about 
4-7 MHz. Thus, number of TV channels, which can be accommodated ina 
bandwidth of 4:74 x 10!? Hz is given by 


4:74 % 10"; siitie 
n= 0 


4-7x10° 
Thus, optical communication makes it possible to transmit a tremendously 
Jurge number of channels simultaneously. 
Before taking up the study of an optical communication system, it is necessary 
to learn about optical fibre and a few optical sources, such as LED, LASER and 
LASER diode. 


mga 3.05. OPTICAL FIBRE 


The optical fibres are used to transmit light signals from one place to another 
without any practical ioss in the intensity of the light signal. 

An optical fibre consists of a very thin glass core (about 5 um to 50 um in 
diameter) surrounded by a glass coating, called cladding, as shown in Fig. 3.07. The 
glass core and cladding are enclosed in a protective jacket made of plastic. The 
refractive index of the glass used for making core (u,) is a little more than the 
refractive index of the glass used for making the cladding (u 2) Le. Ly >My. Ina typical 
optical fibre, the values of the refractive indices of the core and the cladding materials 
may be of the order of 1-52 and 1-48 respectively. 

Transmission of light by optical fibre. Consider that a ray of light is incident 
along AO (ata large angle of incidence) on the glass core from air. It will get refracted 
along the path OP inside the core and then after suffering refraction at the core- 
cladding interface, it may follow the path PQ inside the cladding. However, if the 
angle of incidence is decreased to a value, so that the ray of light inside the core meets 
the core-cladding interface at an angle equal to or greater that the critical angle for 
it, then the ray of light will undergo total internal reflection. Fig. 3.08 shows the path 
of the ray of light, when it comes to incident on the core-cladding interéace at critical 
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We know that the value of the critical angle at the interface of a pair of media 
having refractive indices uw, and “1 is given by 


= 


ain C= Ly Age (Hy > M2) 
The optical fibre, for which fy =1-52 and, = 1-48, the calculations show that 
C = 77° (approx) 
Itcan be easily deduced that the maximum angle of incidence (i) in air, for which 
all the incident light is totally reflected at the interface of a pair of media having 


refractive indices uw, and “>, is given by W3 
i 7i09 ONT 10, 19I9TI HI 


sin i= Hea? SOM 6 to tani 03 s SIBGMO? (3.01)> 


2 
ee 
This value of the maximum angle of incidence is known as acceptance augle. 


ee pat neni aa pe 


_ JACKET GLASS CLADDING GLASS CORE 


(PLASTIC) 


(u5=1 48) 


(u=1'52) 


1= 20° 

So, for glass core of refractive index 1-52 and cladding of refractive index 1-48, 
beam of light incident on the glass core from air, making an angle of incidence not 
nore than 20°, will be totally reflected at the core-cladding interface. Since the angle 
f incidence at the interface is greater than the critical angle, the ray of light will 
indergo total internal reflections again and again inside the optical fibre. As a result, 
he light is transmitted from one end of the optical fibre to its other end. The glass 
ised for making the core is of highest quality, so that there is a negligible absorption 
f light inside the core. Therefore, the light signal comes out almost as bright as it 
oes in - even if the fibre is several kilometres long. The optical fibres can be as long 
is 200 km. 

From Fig. 3.08, it follows that the ray of light will emerge from the fibre in the 
lirection X after odd number of multiple reflections and in the direction Y after even 
umber of multiple reflections. 

Fibre attenuation. In practice, a very small part of light energy is last from an 
ptical fibre due to imperfect transparency (absorption) or due to light leaving the 
ibre as a result of scattering of light sideways by impurities in the glass fibre. This 
eduction in energy of the light is called attenuation and is described by the relation, 

L=I,e°°* ...(3.02) 
where I, is intensity of light, when it enters the fibre and I, the intensity of the light 
1t a distance x along the fibre. The constant a is characteristics of the fibre and is 
-alled absorption coefficient or attenuation coefficient. It is usually measured as 
ver kilometie of the optical fibre. In terms of the power of the light pulses, the 
elation (3.02) may be written as 

PeRe ct (3.03) 
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The attenuation of light signal can also be expressed as the ratio ‘ie [or a 
0 


’ I 
Thus, attenuation =— 
0 


In practice, the attenuation is measured on logarithmic scale in the units of 
decibel (dB) using the relation, 


I 
attenuation (in dB) = 10 log;, lL ...(3.04) 
0 


Since I < Ip, the attenuation is always negative. 


mmm 3.06. DIFFERENT TYPES OF OPTICAL FIBRES 

The optical fibres are of the following two types : 

1. Monomode optical fibre. Amonomode optical fibre has a very narrow core 
of diameter about 5 um or less, so that the cladding is relatively big (125 wm in 
diameter) as shown in Fig. 3.09 (a). 
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Fig. 3.09 (b) shows the light paths followed by two wavelengths*/, and A, inside 
a monomode fibre. In such optical fibres, there is practically no loss in the intensity 
of the output light signal. 

2. Multimode optical fibre. The multimode optical fibres may be subclassified 
as below : ) 

(i) Step-index multimode fibre. The diameter of the core in step-index 
multimode fibre is about 50 um i.e. very large as compared to that of a monomode 

* Since no light singal is perfectly monochromatic, a narrow band of wavlengths is 
always present in the signal. 


Waich Out! 


The glass used to make an optical fibre is 
so much transparent that if the seas were 
made of it, one could see the sea-beds 
easily. 


of the core. The refractive index, then, changes to a lower value “4, which remains 
constant throughout the cladding. Since the refractive index steps down from “1, 
to {4 at the core-cladding interface, it is called step-index optical fibre. 
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Fig. 3.10 (a) Fig. 3.10 (b) 

Fig. 3.10 (b) shows the light paths followed by two wavelengths A, and /, 
(A, > A>) inside the core of the optical fibre. Since refractive index of a material 
depends on the wavelength of the light, the two wavelengths follow different paths. 
As such, the two wavelengths will reach the other end of the optical fibre after 
covering unequal paths (the wavelength, travels a longer path than/,) and hence 
at different times. It results in a faulty and distorted signal of lesser intensity. Such 
an optical fibre is called a multimode fibre, as the different wavelengths in the light 
signal follow multi light paths inside the fibre. In a step-index multimode fibre, the 
overall time difference between two wavelengths reaching the other end is of the 
order of 33 x 10s per kilometre length of the fibre. 

(ii) Graded-index multimode fibre. A multimode fibre, whose refractive index 
decreases smoothly from its centre to the outer surface of the fibre (cladding) is called 
a graded-index multimode fibre. As such, there is no noticeable boundary between 
the core and the cladding as shown in Fig. 3.11 (a). 
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Fig. 3.11 (a) Fig. 3.11 (b) 

Fig. 3.11 (b) shows the light paths followed by two wavelengthsA, and, inside 
a graded-index multimode fibre. The two wavelengths still follow different light 
paths inside the fibre. At some layer in the fibre, different for each, the rays are totally 
reflected. But unlike the step-index fibre, the two wavelengths come to focus at the 
same point A, and then again at A, and so on. It is possible, because the refractive 
index of the material of fibre is lesser for wavelength A, than that of 4, and hence 
speed of wavelength /, is greater than that of 1. So the wavelength /, travels a 
longer path than A, but at a greater speed, so that time of travel is same for both 
the wavelengths. Thus, in a graded-index multimode fibre, all the wavelengths 
arrive at the other end of the fibre at the same time. However, there is a small overall 
time difference (~ 10-? s per kilometre) between the two wavelengths reaching the 
other end of the graded-index multimode fibre. Thus, the disadvantage of time 
delay is considerably reduced in such a fibre in comparison to step-index multimode 
fibre. 


gama 3.07. LIGHT EMITTING DIODE (LED) 


A Light Emitting Diode (LED) is a semiconductor p-n junction diode that emits _ i 


light, when forward biased. 


As studied in Unit IX, a junction diode is formed, when a p-type semi- - 


conducting material is placed in contact with n-type semiconducting material: A, 
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thin layer at the junction is devoid of electrons and holes and is sales sesh l vsti oe 


When the junction diode is forward biased, the barrier potenti Land 
depletion layer reduces. Due to this, holes from the. p-section.an¢ “electrons from 


the n-section of the junction diode cross through the depletion layer. As the holes ” Aish 


and electrons encounter, they recombine. The each recombination of a hole and an 
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he amount of energy required to liber 
velength of the photon of light emitted is determined by the energy gap AE 
-ween the valence and conduction band of the semiconductor. The wavelength 
the light photon is given by the empirical formula, 


he ¥f 
X Gin nm) = — 
(i ) AE 


In case of silicon and germanium diodes, the energy released is in infra-red 
zion. In the junction diode made of gallium arsenide or indium phosphide, the 
ergy is released in visible region. A light emitting diode serves as a good optical 
urce and is used in optical communication. 


a 3.08. LASER 

The term LASER stands for Light Amplification by Stimulated Emission 
adiation. 

We know that when atom jumps from a higher energy state to a lower energy 
ate, it emits a photon of energy. In any ordinary source of light, atoms emit such 
10tons independently of each other. As such, the different photons emitted are not 
phase with each other and as a result, the light is emitted as a whole in the form 
an incoherent beam. In addition to this, the light emitted is not monochromatic. 
is because, energy of transition differs by a small amount from photon to photon. 
arthermore, the light obtained is not in the form of a strictly parallel beam. 

Laser is a process by which we can obtain a beam of light, which is highly 
sherent, highly monochromatic and perfectly parallel. Such a beam is called laser*. 
laser beam can be sent to a far off place and return back without any practical 


yss of intensity. 
gm 3.09.VARIOUS ATOMIC CONCEPTS RELATED TO PRODUCTION OF 
LASER 

To understand the production of a laser beam, one must know the following 
tomic processes : 

Induced absorption. Consider that two energy states i (lower state) and j 
higher state) of an atom are associated with energies E; and E; respectively. 
\ccording to Boltzmann, the ratio of the atoms in the energy states j and i ata 
emperature T is given by 


Nj EE B/E DRT 
N;  evHv/kT 
Since E; is greater than E;, it follows that N; is less than N;. Therefore, the number 
»f atoms present in the energy state i will be greater than the number of atoms in 
state j as shown in Fig. 3.12 (a). However, if we shine radiation of frequency 
E; - Ej 
y= —— oF 
h 
on the atoms, more atoms will be raised to the higher energy state j on absorbing 
photons of energy h v [Fig. 3.12 (b)]. This process is called induced or stimulated 
absorption. 

Spontaneous emission. If an atom is present in the higher energy state, it tends 
to return to the lower energy state within a time of 10° s by emitting a photon of 
energy E, — E;. Fig. 3.13 (a) shows one such atom in the higher energy state j, which 
by emitting a photon of energy BE, - E; (= hy) at its own comes down to the lower 
energy state i as shown in Fig. 3.13 (b). This process is called spontaneous emission. 

It may be pointed out that during spontaneous emission, photons are emitted 
in a random manner. As a result of this, the emitted photons will not be in phase 
with each other. In other words, the beam of light obtained due to spontaneous 
emission is not a coherent beam. 

Stimulated emission. In an atomic system, the higher energy states of the atoms 
are always populated to some extent, though the population is considerably small 
as compared to the lower energy state. If the photons of energy hv (=E,- E;) are 
incident, the chief event that will take place is the induced eraenaintee i.e. atoms will 
be raised from lower to higher energy state. But as the higher energy state is also 

@ word laser’ is used both for the process an the beam of light obtained by t 
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process. 


Watch Out ! 


A bright red LED lights up 0-25 s faster 
than a filament lamp. 

Acar stoplight becomes visible some time 
after the brakes have been applied. 
Therefore, a car stoplight equipped with 
LED will have a distinct advantage over 
the one having conventional filament 
jamp. 
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are emitted [Fig. 3.14 ()). This process is called sfipalnted or induced emission. 

Population inversion. When the higher energy state in an atomic system gets 
occupied due to induced absorption to a greater extent than the lower energy state, 
the phenomenon is called inverted population of energy levels or simply the 
population inversion. However, the population inversion does not sustain in normal 
atomic systems, as the atoms tend to return to lower energy state by spontaneous 
emission. 

The process of induced absorption for producing the inverted population of 
energy levels is also known as pumping. 

Metastable states. A metastable state is one, which has a mean life time of the 
order of 10-3 s or more i.e. much larger than 10- s, the life time of a higher energy 
state. Some atomic systems, such as chromium, neon, etc possess metastable states. 
The atom of such an atomic system, when in higher energy state, does not come 
down to lower energy state directly. It first returns to metastable state and then after 
a finite lapse of time of the order of 10-3 s, returns to the lower energy state. Since 
such atom stays in metastable state for a sufficiently large time, the aE ana 
inversion can sustain in such atomic systems. 


Wa 3.10. PRINCIPLE OF PRODUCTION OF LASER BEAM 

In the last section, the fundamental atomic concepts involved in the production 
of laser were discussed. Let us now apply these concepts to understand the basic 
principle of producing a laser beam. 

For producing a laser beam, an atomic system is chosen, which has a metastable 
state. Fig. 3.15 shows an atomic system, which has a lower energy state associated 
with energy E, and a metastable state having energy E>. Suppose that by some 
technique, the number of atoms in the metastable state E, is made much larger than 
those in energy state E;. When photon of energy E, — E, is incident on one of the 
atoms present in the metastable state, the atom will drop to lower energy state E; 
emitting a photon of same energy as that of the incident photon, which is in phase 
with it and is emitted in the same direction. The two photons, then, interact with 
two more atoms present in the metastable state and so on and thus the photons go 
on multiplying. All these photons possess the same energy, phase and direction. This 
process is termed as amplification of light. So that this process may take place 
smoothly, the following two requirements must be fulfilled : 

1. The metastable state should all the time have larger number of atoms than the number 
of atoms in lower energy state. 

In case it is not so, then a majority of the incident photons, instead of causing 
stimulated emission, will be used up in raising atoms from lower energy state to 
the metastable state, unless such a transition is forbidden in the atomic system. For 
sustained production of a laser beam, the atoms in the metastable state must always 
be greater than that in the lower energy state i.e. population inversion between the 
two states is must. In other words, the atoms must be kept continuously removed 
from the lower energy state and raised to the metastable stable to ensure population 
inversion. It is achieved through the process, called pumping. 

2. The photons emitted due to stimulated emission should stimulate other atoms to 
multiply the photons inside the system. 

Ina way, it requires that the emitted photons should remain inside the system 
for enough time so that they can interact with the other atoms, before they come 
out of the system in the form of a beam. It may be achieved by using two reflectors 
(mirrors) at the two ends of the system so as to reflect the photons back and forth. 


However, one mirror should be partially transmitting, so as to allow the laser beam | 


to emerge out of the system. 


ERE 3.11: PRODUCTION OF LASER BEAM. un 
“ The first successful laser was constructed.by, T.] H, Maimani in 1960.using asmall, 


ruby rod. and is known as ruby laser. Within,ajspan of 40 Years, vaniety, o rf filpsete teremis Giese 
have been developed. A few others are known as,helinapsugarlasen carbon. dioxide... 


laser, chemical laser, dye laser, junction laser, etc. OF these, a few laser systems are 
three energy level systems, while the other are four energy level systems. 
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1 y isa cr inium oxide (Al,O3) doped with 0-05'% 

romium oxide. The adding of chromium oxide imparts red colour to ruby 
stal. Ruby laser consists of a ruby rod about 5 cm in length and 05 cm in diameter. 
» two faces of the rod are made optically plane and coated with silver. One face 
he rod is made reflector by thick coating, while the other face is partially coated 
Jlow the laser beam to emerge out of the ruby rod. A xenon flash lamp is wound 
und the ruby rod. The necessary pumping energy is supplied to the ruby rod 
the high intensity flash produced by the xenon lamp. The ruby rod is kept cool 
circulating liquid nitrogen around it [Fig. 3.16]. 


XENON 
FLASH LAMP PARTIALLY 


GLASS TUBE \ TRANSPARENT END 


LASER 
LIQUID N, —= ey 
REFLECTING 
END 
: Fig. 3.16 
Theory. Ruby laser is a three energy level system. The three energy levels ina E,=2:26 eV 
romium ion are ground energy jevel E,, a metastable level E,( = 1.79 eV) anda RAPID DECAY 


ird higher energy level E, ( = 2:26 eV) as shown in Fig. 3.17. Initially, the atoms E,=1.79 eV 


e distributed in different energy levels following Boltzmann’s law*. However, 
hen xenon lamp is flashed, it produces bursts of very intense light (yellowish — . 
-een) of wavelength 5500 A. This light acts as pumping radiation for chromium = PUMPING 


s the coolant. In a short time, there is population inversion i.e. metastable state E, 
ecomes more populated than the ground state. 

At this stage, once a photon is produced due to spontaneous transition from 
netastable state E, to ground state Ey, another photon of same energy, phase and 
lirection is produced. The emitted photons suffer multiple reflection between the 
wo polished ends of the ruby rod. The process of amplification continues, till a quite 
ntense beam of laser emerges out from the partially transparent end of the rod. The 
wavelength (A) of the laser beam obtained can be found from the relation 


he he 
a rincpeetn 
aupotuene ia E, Ey 


Setting Ey = 1-79 eV = 1-79 x 1-6 x 10°19], Ey = 0, h = 662% 10-4] s 
and c=3x 108 ms! we have 
_ 6-62x 104 x 3x 10° 


Egy Vcealia seesal, aaanas selbe 

1-79x1-6x107 -0 
>. Helium-neon laser. A drawback with the three level system (such as the ruby 

laser) is that it generally requires very high pumping power. It is because, the ~ gwseevnnesauannonnin 

terminal state of the laser transition in ruby laser is the ground state. It necessitates _ GLASS TUBE 

that half the ground state atoms must be pumped into the metastable state toachieve ed 

population inversion. He-Ne laser is a four energy level system and in constrast to 

ruby laser, much less pumping power is required in this case. 


f ° Sa 
ng and the atoms are raised from ground state to higher energy state E,. Withina — (A=5500A) / (4, = 6934 A) 
me of 10-8 s, the electrons rapidly drop to either energy level E, or directly to : pace (RED) 
round energy level Ep. The energy released during the decay process is lost to the 
iby rod and before it raises its temperature, it is cooled by the liquid nitrogen used : 
5 Eo 


Fig. 3.17 


= 6-943 x 10-7 m = 6943 A 


The experimental arrangement consists of a cylindrical glass tube containing | essay 
a mixture of helium (= 90%) and neon (~10%) at low pressure. Two parallel mirrors el ‘ 
: ; wertati seer racite RAMOTTLRRTS | PARTIALLY 
M, and M,j are fixed at the two ends of the glass tube. The mirror M, is thickly A B  LGANSPARENT 


silvered, while the mirror M, is ma de slightly transmitting: TO establish a strong 
electric field, a high voltage is applied across the electrodes A and C [Fig. 3.18]. 


*Refer to section 3.09 


Theory Fig. 3.19 shows the. , i : d 


and another high energy level E;. Helium has a metastable energy level at 20-61 eV, 
which happens to be close to the metastable level E, of neon. It allows helium to be 
used for pumping neon atoms to the metastable state E,. When atoms come down 
from metastable state E, to lower energy state E, after population inversion, an 
intense laser beam emerges out of the mirror M,. The wavelength of the He-Ne laser 
beam is given by 
he 

Here, E, = 18-70 eV and E, = 20-66 eV. It can be calculated that in case of 

He-Ne laser, the wavelength of the laser beam is equal to 6328 A. 


Mme 3.12. APPLICATIONS OF LASER 
Lasers have proved a boon to the growth of modern scientific world. Lasers 
have widespread applications in the fields like industry, medical science, 
telecommunication, scientific research, etc. A few such applications are as below : 
1. In communication. Lasers are used to send signals over long distances 
through optical fibres. They allow to send thousands of signals at the same time due 
to narrow bandwidth. 

2. In measuring long distances. Being highly coherent, laser beams can travel 
very large distances without any loss in their intensity. As such, a laser beam can 
be used to measure the distance of a distant object, such as moon. 

3. In surgery. Lasers are used to perform practically bloodless surgery. As the 
laser beam cuts through tissue, it “heat seals’ blood vessels and this technique is used 
in removing tumour from the body, the diseased part of the liver, etc. In the eye, a 
detached retina can be ‘welded’ back to the wall of the eyeball by laser beam. 

Laser beams are used to decolour skin blemishes. They are also used by dental 
surgeons for drilling of teeth. 

4. In engineering. The laser beams are used by surveyors and engineers to 
ensure that roads, railway lines, pipes, oil tankers, buildings, etc are built accurately. 

5. In industry. Laser beams are used to drill holes and cut the metal sheets. 
They do this job more quickly and accurately than metal drills and saws. In 
industries, laser beams are used to weld pieces of metal together. 

6. In scientific research. Laser beams are used to study molecular structure 
and nature of chemical reactions. 

7. In nuclear power production. A day is not far, when laser beams will be used 
in carrying out nuclear fusion reactions with much ease for power production. 

8. In photography and entertainment. Laser beams can be used to photograph 
fast moving objects. They are also used in “compact disc’ players. Laser TVs have 
been developed to produce big TV pictures on walls. 

9. For national defence. Laser beams are used for controlling and guiding 
rockets, missiles, satellites and locating planes. Intense laser beams can be used to 
destroy tanks and planes. a 

10. In weather forecasting. Laser bearas are used to obtain clear pictures of 
clouds and wind movements for the forecasting of weather. They are also used to 
measure variations in weather and detection of earthquakes, etc. 


Le 


MEM 3.13. LASER DIODE oh BOTS 


A LASER diode is obtained by polishing the two sides of a junction diode made 
of gallium arsenide. It has the advantage that the material can readily be made 


n-type or p-type by varying the relative amounts of the elements Ga and As in it? * 
The two sides of the junction diode are polished ‘so thatone'side acts as‘afull mirror) (5 © j 
and the other side as a partially reflecting surface. -oVSv! (02 9. 10 HOrsiubor ev) 36 “SIL be 1690 


‘level E,, higher energy level E,(= 18: 70 eV), petits 3 ereey level E, (= 00. 66 eV) — 


PUMPING 


When junction diode is forward biased, the holes and ACARI FROME PAE! 90 | 


photons of light emitted due to recombination Of ROR SUe ads abl detected? gsutiinne tigil vo %: 


back and forth between the two sides of the junction diode, till population inversion 


E3 
RAPID DECAY 
E, = 20°66 eV 


YO, 
(A = 6328 A) 
E, = 18°70 eV 


RAPID DECAY 


curs. The photons of lig s stage t . ag 
n intense beam of light is emitted. 


gem 3.14. ELEMENTARY PRINCIPLES OF LIGHT MODULATION 


The information carrying capacity of carrier waves is directly related to the 
sandwidth. The greater the carrier frequency, the larger the available bandwidth 
snd greater the information carrying capacity of the communication system. Since 
requency of light is very large as compared to that of the radiowaves, the use of 
ight as carrier of signal will be more advantageous. Further, a light signal can be 
+fficiently transmitted by using optical fibres without any loss of energy (for practical 
purposes). 

In order to transmit information signal via an optical fibre communication 
system, it is necessary to modulate light with the information signal. For the 
information signal, light acts as the carrier. To modulate light, some of its properties 
such as intensity, frequency, phase or polarisation (direction) are varied in 
accordance with the information signal. The choice of variation of any parameter 
is decided by the characteristics of the optical fibre, the available sources and 
detectors. 

Principle of light modulation. There are several methods of carrying out light 
modulation, namely intensity modulation, frequency modulation, phase 
modulation, etc. The intensity modulation in itself can be carried out in the following 
two ways : 

1. Direct optical modulation. It is the process of varying the intensity of light 
directly in accordance with the information signal to be transmitted. It is achieved 
by varying current through the optical source (LED or LASER) by biasing it 
corresponding to the information signal. As a result, when the light emerges out of 
the optical source, its intensity varies in accordance with the information signal. 

However, this method causes a change in the wavelength of light and this defect 
is called system degradation. This problem is overcome in frequency modulation 
of the light. In this process, the frequency dependent current is passed through the 
source. The direct modulation of the optical source is quite satisfactory for the 
modulation bandwidths currently under investigation. 

2. External optical modulation. External optical modulators are used, when 
frequency or phase of the light is to be modulated. They make use of non- 
semiconductor sources. However, such sources cannot be directly modulated at high 
frequency. 
gas 3.15. OPTICAL COMMUNICATION SYSTEM 


Fig. 3.20 shows the block diagram for an optical fibre communication system. 


OPTICAL FIBRE COMMUN CATION SYSTEM 


ELECTRICAL OPTICAL 
TRANSMITTER SOURCE 


OPTICAL FIBRE CABLE 


OPTICAL ELECTRICAL 
DETECTOR RECEIVER 


Fig, 3.20 
The information source provides an electrical signal to an electrical transmitter, 
which drives an optical source to give modulation of the light waves. The optical 
source, which provides the electrical-optical conversion, may be either a 
semiconductor laser or light emitting diode (LED). The optical fibre cable is used 


INFORMATION 
SOURCE 


DESTINATION 


as the transm: medium fo tical sign the recei 0 on et 

by optical detector, which converts the optical signal into an electrical signal. The optical detector 
may be a photodiode or a phototransistor or a photoconductor. The electrical signal is further 
demodulated by the electrical receiver so as to reproduce the original information signal, which is 


then received at the destination. 


MME3 16. ADVANTAGES OF OPTICAL FIBRE COMMUNICATION 


The optical fibre communication is far more advantageous as compared to conventional 
electrical communication. A few advantages are as given below : 

1, Enormous transmission bandwidth. The optical carrier frequency lies in the frequency range 
1015 to 10! Hz. Due to extremely high frequency of opical carrier waves, the transmission bandwidth 
and hence information-carrying capacity of an optical communication system is very large as 
compared to a coaxial cable system. 

2. Small size and weight. Optical fibres have very small diameters, which are often no greater 
than the diameter of a human hair. Even on being covered with protective coatings, they are far 
smaller and much lighter than coaxial cables. 

3. Immunity to electrical disturbances. Optical fibres are made from glass or sometimes from 
a plastic polymer. Since such materials are electrical insulators, the optical fibres are free from spark 
hazards and short circuits. Furthermore, unlike metallic transmission lines, they do not exhibit earth 
loop and interface problems. As such, they are very ideal for transmission of information in 
electrically hazardous environments. 

4. Immunity to interference. Optical fibres serve as dielectric waveguides and are therefore 
free from electromagnetic interference and radio frequency interference. The optical fibre cables are 
also not susceptible to lightning strikes, if used overheads rather than underground. Hence, optical 
fibre communication is unaffected by electrically noisy environment. 

5. Immunity to crosstalk. In optical fibres, there is no optical interference between fibres. 
Therefore, even when many fibres are cabled together, unlike communication using electrical wires, 
crosstalk is negligible. 

6. Signal security. The light from optical fibres does not radiate significantly and hence optical 
fibre communication provides a high degree of signal security. Further, any attempt to tap a message 
signal transmitted optically can be detected easily. This feature makes it extremely useful in military, 
banking and computer network applications. 

7. Low transmission loss. The recent developments in optical fibre communication systems 
have resulted in fabricating optical fibres, which exhibit very low attenuation (~ 0-2 dB km-!). 

8. Ruggedness and flexibility. Although optical fibres are made from glassy substances, yet 
they can be bent or twisted without any damage. They prove superior in terms of storage, 
transportation, handling and installation in comparison to metallic cables. 

9. System reliability. Due to low intensity loss property of optical fibre cables, the 
requirement of intermediate repeaters or line amplifiers to boost the transmitted signal strength 
is much reduced. Hence, with fewer repeaters, the reliability of an optical communication system 
is much enhanced. An optical fibre communication system possesses a predicted life time of the 
order of 20 to 30 years. 

10. Potential low cost. The glass which is generally used to fabricate an optical fibre is made 
from sand. So, in comparison with copper wire lines, optical fibres prove quite inexpensive. 

11. Ideal for multiplexing. Optical fibres can carry a large number of signals at the same time 
much more efficiently than that can be done in radio communication. 

12. No signal jamming. Radio signals usually get jammed, when the signals are transmitted 
at the same frequency of radiowaves. Optical communication is free from jamming of signal for all 
practical purposes. 

Drawbacks. The optical communication systems have a few drawbacks also, which are listed 
as below : ; . 

1. If there are any scratches on the optical fibre cable, the light signal can escape at such points. 


It is because, a ray of light can meet the surface of the scratch at an angle.of,incidence less than the, 
critical angle. To ensure that the core of the cable stays smooth, the outer, coating of the fibre cable, 
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has to be made tougher. ‘vip oe se 
2. The optical fibre technology can be handled only by the experts in this field. 


Problem 3.01. Work out the critical angle for light at the 
oundary between the core and the cladding of a step index 
bre, if the refractive of the core is 1-48 and of the cladding 


31-45. (Text Problem) 
Sol. Here, w, = 1-48 and py = 1-45 
1°45 
Minar Sank (oles e ae a la 
or C = 78-4° 


Problem 3.02. Calculate the critical angle and the angle 
f acceptance, if the refractive indices of the glass core and 
he cladding are 1-7 and 1-5 respectively. 

Sol. Here, “, = 1-7 and “ly = 1:5 

The critical angle for glass core and cladding as the two 
nedia is given by 


sin = #2 = 1 < 0.8824 
Hy 1-7 
or C = 61-9° 


The acceptance angle for the optical fibre is given by 


FEL Ue 
sin i= My? — Hy? = \0'7)? — 0-5)? = 0-8 


or 1 =53-1° 
Problem 3.03. Calculate the time taken for light to 
ravel through a glass optical fibre 30 m long (a) in axial 
node (b) in highest order mode, given that the refractive 
ndex is 1-5 for glass and 1-3 for the cladding. 
Sol. Here, “4, = 1:5, My = 1:3 and 1 =30m 
(a) Speed of light in optical fibre, 
c .3x10° 
v=— = 
My se) 
Therefore, time taken for light to travel through optical 
fibre in axial mode, 
eae earn 7 = 15x 10% s=150ns 
v 2x10 
(b) Light in the highest order mode meets the fibre 
surface at the critical angle, which is given by 


=2x108ms7! 


1- 
Sint C= M2 OL sin ce ibd: = 0-8667 
My 1gt5 
or C= OU 


Refer to Fig. 3.08. If! is length of the optic fibre, then 
actual path length DE = x (say) is given by 


See 


Q. 3.01. What is a transmission medium ? 

Ans. The link, which transfers information from the 
information source to the destination, ts « led transmission medium. 

Q. 3.02. What are the various transmission media used 
in communication systems ? 

Ans. 1. 2-wire lines 2. Coaxial cables 3. Radio links 
4. Fibre links. : 

Q. 3.03. What is the main drawback of a 2-wire Hine ? 


Ans. When a 2-wire line is used at inierowavell 


frequencies, the signal becomes weak due to energy radiated 
by the two conducting wires. 
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l 30 30 


Xue = ———_ = = 34.6 
sinc siné0’ OBee7  e™ 
Therefore, time taken for light to travel through optical 
fibre in the highest order mode, 


x 34-6 


v 2x10 

Problem 3.04. The intensity of a light pulse travelling 
along a fibre decreases exponentially with distance 
according to the equation I = I, e~**, where I, is the inten- 
sity atx = 0 anda is the attenuation constant. Show that the 


log, 2 
a. 


ay 1-73 x 10-7 s = 173 ns 


intensity reduces by 50% over a distance eugqal to 


(Text Problem) 

Sol. The intensity of light pulse over a distance x, 

P1643. m0) 
Suppose that intensity of light pulse reduces by 50% over 

a distance x’. Thus, 
when x = x’, (ea d=0-5T, 
100 

Setting the above condition in equation (i), we have 


aes eerie 1 
0-51, =Ige CeO. Se = 
or ax’=log,2 or ie 


Problem 3.05. Attenuation can be expressed in decibels 


I 
(dB) according to the equation 10 logio 7 . Work out the 
0 


attenuation in dB per km for a fibre in which the intensity 
falls by 50% over a distance of 50 km. (Text Problem) 


I 
Sol. Now, attenuation (in dB) = 10 logy = 
0 


Therefore, when light falls by 50% i.e. when I = 0:5 I,, 


attenuation = 10 log 19 S fo. 240 log jg 9-5 
( 


) 
= 10 x (—0-3010) = — 3-01 dB 
This attenuation in signal occurs over a distance of 50 
km. Therefore 


“01 
attenuation per km = — = =- 0:06 dB km 


ANSWER QUESTIONS 


With Answers/HInts nccccncnconcmmen 


Q. 3.04. What is a coaxial cable ? 

Ans. It consists of a central copper wire surrounded by 
a PVC insulation, over which a sleeve of copper mesh is 
placed. The copper mesh is further covered with an outer 
shield of thick PVC material. 

Q. 3.05, What is the main advantage of using coaxial 
cable for transmitting a signal in place of 2-wire line ? 

Ans. The copper mesh surrounding the central copper 


Oo ae ; ‘ 
wire makes itimmune to the external electrical disturbances. 


QO. 3.06. What is the function of copper mesh ina 
coaxial cable ? 


AT Due fo  eciie arent the ma 


hollow conductor is always zero. When the Teal aay, 


wire carries the signal, the copper mesh shields it electrically 
from the external electrical disturbances. 

Q. 3.07. What do you mean by ‘switching circuit’ in a 
telephone system ? 

Ans. All the telephones in a locality are connected to the 
telephone exchange. When a calling subscriber dials in the 
called subscriber, the switching circuit interconnects the two. 

Q. 3.08. What is an optical fibre ? 

Ans. An optical fibre consists of a glass core (very thin 
thread of glass) surrounded by a glass coating of compari- 
tively lesser refractive index. It is used to transmit optical 
signals from one place to another place. 

Q. 3.09. What is ‘cladding’ ? 

Ans. A glass coating surrounding the glass core in an 
optical fibre is called cladding. The refractive index of 
cladding is a littile less than that of the glass core. 

Q. 3.10. What does LASER stand for ? 

Ans. The word LASER stands for Light Amplification 
by Stimulated Emission Radiation. 

Q. 3.11. What are the main characteristics of a laser 
beam ? 

Ans. A laser beam is highly coherent, highly 
monochromatic and perfectly parallel. 

Q. 3.12. What is stimulated emission ? 

Ans. The emission of photons in an atomic system by shining 
photons of energy equal to the difference in energies associated with 
the higher and lower energy states alongwith the incident photons 
is called stimulated emission. 


Q. 3.01. Why do we prefer a twisted pair in compari- 
son to parallel-wire line in communication systems ? 

Ans. Ina parallel-wire line, the interference between the 
magnetic fields produced by the signal current in the two 
wires causes distortion in the signal. This effect gets quite 
minimised in a twisted pair. In addition, the twisted pair is 
less prone to electrical disturbances. For these reasons, 
twisted pair is preferred tu parallel-wire line. 

Q. 3.02. Why does a parallel-wire line radiate energy ? 
How is this problem overcome in a twisted pair ? 

Ans. A system of conductors always radiates energy in 
the form of radiowaves, when the separation between the two 
wires approaches a half-wavelength at the operating 
frequency. This effect becomes more pronounced at the 
frequency of microwaves. So that the two conductors donot 
remain at a finite constant distance of the order of wavelength 
of the transmitted signal, the two insulated copper wires are 
twisted around each other. 

Q. 3.03. What is a coaxial cable ? Why is it superior to 
other wire-line systems ? 

Ans. A coaxial cable consists of a central copper wire 
surrounded by a PVC insulation over which a sleeve of 
copper mesh is covered. The copper mesh is covered with an 
outer shield of a thick PVC material. The signal is transmitted 
by the inner copper wire, which is electrically shielded by the 
Outer copper mesh. The other types of wire-lines pick up 
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life time much larger than the life time of a normal higher energy 
state, is called metastable state. 

Q. 3.14. What is ‘population inversion’ ? 

Ans. Normally, the number of atoms in a higher energy 
state is always less than those in the lower energy state. 

The process of making number of atoms in higher energy state 
more than that in the lower energy state by induced absorption is 
called population inversion. 

Q. 3.15. What do you mean by pumping ? 

Ans. The process of raising atoms from lower energy state to 
higher energy state by induced absorption is known as pumping. 

Q. 3.16. What do you mean by an ‘optical source’ used 
in optical communication ? 

Ans. In optical communication, an optical source is one, 
which can convert electrical energy into optical energy, which 
may be suitable for communication purposes. 

Q. 3.17. Name two optical sources used in optical 
communication. 

Ans. 1. Laser 2. Light emitting diode (LED) 

Q. 3.18. What is light modulation ? 

Ans. The process of modulating a light beam from an optical 
source in accordance with the information signal is called light 
modulation. 

Q. 3.19. What is direct intensity modulation ? 

Ans. The process of light modulation, in which the 
intensity of light is varied in accordance with the message 
signal in a direct manner by biasing the optical source 
corresponding to the message signal, is known as direct 
intensity modulation. 
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external electrical disturbances leading to distortion in the 
signal. 

Q. 3.04. What are the merits of coaxial cables ? 

Ans. Refer to section 3.02. 

Q. 3.05. What are the advantages of using a communi- 
cation satellite as a telephone link ? 

Ans. Refer to section 3.03. 

Q. 3.06. What is the principle of an optical fibre ? What 
is the necessary condition that should be obeyed for 
transmitting a signal with the help of it ? 

Ans. An optical fibre is based on the principle of total 
internal reflection. 

It states that when a ray of light travelling from an optically 
denser medium to an optically rarer medium is incident at an angle 
greater than the critical angle for the two media, the ray of light is 
totally reflected back into the same medium. 

Necessary condition. The ray of light incident on the 
optical fibre in air should not be incident at an angle greater 
than the angle given by 


sini= yoy — My”, 
where the letters have their usual. meanings. 
Q. 3.07. What do you mean by ‘angle of acceptance’ in 
optical fibres ? Give expression for it. 
Ans. The maximum angle of incidence in air, for which all 
the incident light is totally reflected af the core-cladding interface 
in an optical fibre, is called the angle of acceptance. 


sini= Vii = ts 7 
where “, and jy are refractive indices of the glass core and 
cladding respectively. 

Q. 3.08. What is the difference between monomode 
and multimode optical fibres ? 

Ans. A monomode optical fibre has a very narrow core 
(~3yum in diameter) ; while in a step-index multimode optical 
fibre, the diameter of the core is compartively very large 
(= 50 um). In another type of multimode optical fibre, called 
graded-index multimode fibre, there is no noticeable 
boundary between the core and the cladding. Further, ina 
monomode optical fibre, different wavelengths travel along 
parallel light paths of equal lengths, whereas in a multimode 
optical fibres, the light paths of different wavelengths are not 
equal. 

Q. 3.09. What is difference between step-index 
multimode and graded-index multimode optical fibres ? 

Ans. Astep-index multimode optical fibre has a constant 
refractive index from its centre to the boundary of the core 
and then refractive index changes to a lower value, which 
remains constant throughout the cladding. The different 
wavelengths reach the other end of the optical fibre following 
light paths of different lengths. 

In graded-index multimode optical fibre, there is no 
noticeable boundary between the core and the cladding. The 
different wavelengths follow paths of different lengths, but 
reach the other end of the optical fibre, practically at the same 
time. 

Q. 3.10. Why do we prefer a graded-index multimode 
optical fibre in comparison to step-index multimode optical 
fibre ? 
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1. What are parallel-wire and twisted pair ? Explain in brief. 
Give merits of twisted pair. 

2. What is a coaxial cable ? What is its advantage over 
parallel-wire line ? Why does no attenuation of radio 
frequency signal occur, when transmitted along it ? 

3. Why do we require line communication ?(Text Question) 

4. Explain, how a coaxial cable can carry many telephone 
calls at the same time. (Text Question) 

5. What is a communication channel ? Describe briefly the 
various communication channels employed in 
communication. (Text Question) 

6. Explain microwave link in brief. How is the problem of 
line-of-sight transmission overcome r 

7. What is communication satellite link ? Explain in brief. 
Give its advantages and disadvantages. 

8. What is an optical fibre ? Explain the various types of 
optical fibres. 


1. Whatisa 2-wireline ? Discuss the different types of 2-wire 

line systems giving the advantages of one over the other. 

2. What is twisted pair and how is it employed for line 

communication ? Discuss its advantages aid. iinijtations. 

DY soisesqte SvID § eet Bette 

3... Describe the construction of acoaxial cabley Hawadoes its 

_. construction help.in increasing, the bandwidth.? Discuss 
source of its advantages over.the twisted pair, .., 

(Text Question) 
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LONG ANSWER QUESTIONS 


ae die bouts Mention some of its applications. 
bettircéiricWhat.is:an optical fibre ? Give its construction. With the 
oft we bathelp of a'suitable diagram, explain as to how a signal may 


Ans. Ina multimode optical fibre, different wavelengths 
follow different light paths and therefore there is a time 
difference between the wavelengths reaching the other end 
of the optical fibre. In case of step-index multimode optical 
fibre, the overall time difference is of the order of 33 ns. 
However, in case of graded-index multimode optical fibre, 
the overall time difference between different wavelengths is 
much reduced (= 1 ns). 

Q. 3.11. What is the principle of LASER ? Name the 
basic atomic concepts involved in the production of a laser 
beam. 

Ans. Principle. It is based on the principle that in the 
atomic systems possessing metastable states, the population 
imversion can be caused and then the process of stimulated 
emission can be used to produce highly coherent, highly 
monochromatic and perfectly parallel beam of light. 

The various atomic concepts involved in the production 
of a laser beam are pumping, population inversion and 
stimulated emission. 

Q. 3.12. Why do we prefer He-Ne laser in comparison 
to ruby laser? 

Ans. A ruby laser is a three level system and it generally 
requires very high pumping power. It is because, the terminal 
state of the laser transition in ruby laser is the ground state. 

On the other hand, a He-Ne laser is a four level system 
and in contrast to ruby laser, much less pumping power is 
needed in this case. 

Q. 3.13. Name a few applications of LASER. 

Ans. Refer to section 3.12. 

Q. 3.14. Name a few advanges of optical fibre 
communication. 

Ans. Refer to section 3.16. 


SHORT ANSWER ©UESTIONS 


Carrying 3 MKS cence cnmmeen 


9. Whatis the principle of optical fibre ? How is a light signal 
transmitted along it ? Show it with the help of a diagram. 
40. Explain, why an optical fibre transmits light round bends. 
(Text Question) 
11. Give the advantages of optical communication system. 
12. Explain the terms induced absorption, spontaneous 
emission, stimulated emission and population inversion. 
13. Explain the action of a ruby laser with the help of energy 
level diagram. 
14. Explain, how He-Ne laser works. Give the necessary 
energy level diagram. 
15. Give the various applications of LASER. 
16. Whatisan LED? Briefly describe its operational principle. 
(Text Question) 
17. What is light modulation ? Explain, how the direct 
intensity modulation is carried out. 


arrying 5 Marks 


4. What isa microwave link ? What are its drawbacks ? How 
are the problems encountered in microwave link overcome 
in satellite link ? 

> 5, © What is remote sensing ? Explain briefly how it is carried 
(Text Question) 


posi 


| jae »be transmitted from its one end to the other. What makes 
it efficient for transmitting a signal ? 


Pony ba 
different types of optical fibres ? Bixplain them in brief 
giving a suitable diagram in each case. 


What does LASER stand for ? Explain the various atomic 
concepts related to the production of a laser beam. 

What is the principle of laser ? Explain the experimental 
arrangement and theory of ruby laser with the help of 
energy level diagram. 


Type A. On Optical fibre 


1. 


An optical fibre is made from core glass of refractive index 
1-62 and cladding of refractive index 1-53. Find the angle 
of acceptance. [Ans. 32-2°] 
Calculate the critical angle and the angle of acceptance for 
an optical fibre, whose core and cladding are of refractive 
indices 1-68 and 1-55 respectively. [Ans. 67-3° ; 40-4°] 
(a) Calculate the critical angle for a boundary between a 
glass fibre for which the refractive index is 1-6 and cladding 
for which the refractive index is 1-5 
(b) Calculate the ratio of the path lengths for the highest 
order mode and axial mode in the fibre described in (a). 
[Ans. (a) 69-6° (b) 1-067] 
Calculate the difference in time taken to travel through a 
40 m fibre by red light and blue light for which the fibre 


SOLUTIONS/HINTS TO NUMERICAL PROBLEMS FC 


11. 


12. 


: FREQUENTLY ASKED NUMERIC. AL PROB 


the necessary theory of production of laser in such a 
system. 
Explain the working of a semiconductor laser. It is an ideal 
light source for optical communication. Justify. 

(Text Question) 
What is optical communication ? Give the main 
advantages of optical communication system. 


SPARS For practice 

has refractive indices of 1-45 and 1-47 respectively. Take the 
velocity of light in vacuum to be 3 x 10° ms“! and consider 
the axial mode only. 

Calculate the attenuation in dB expected for a fibre- 
optic cable 300 m long with an absorption coefficient of 
0-2 dB km7! [Ans. 0-26 dB] 
Ina ERY ears digital communication system, the signal 
to noise ratio must not be less than 21 dB. 

(a) If the noise power is 10-29 W, what is the minimum 
power that the transmitted signal can have ? 

(b) If the attenuation is 2 dB km“! and the initial power is 
10-3 W, what is the maximum distance the signal can travel 


before it is regenerated ? 
[Ans. (a) 1-259 x 10°18 W (b) 74:5 km] 


Here, Hy = 1-62, Hy = 1-53 
The acceptance angle for optical fibre is given by 


sin i= uy? — wo? = (1-62)? — (1-53)? = 0-5324 

Olgas O21 2a 

Proceed as in solved problem no. 3.02. 

(a) Proceed as in solved problem no. 3.01. 

(b) Proceed as in solved problem no. 3.03. 

Here, “, = 1-45, uy, = 1-47 
c=3x10®8mstand!=40m 


Nigar ene NUR estes ane 
— id Sai x 
to [ly 1-45 bin 
rage BIN 
d cmos = 2.047 x 108m $1 
an Up = 7 47 047 x 10° ms 
Time of travel for red light throug!. the Abe 
l 40 
t, = —— = ————_ == 1-933 x 10°” s = 193-3 ns 


v, 2-069 10° 

Also time of travel for blue light through the fibre 
pritndborye Sin Dae s = 196-0 ns 
vp  2:041 x 10 
f, —t, = 196-0 — 193-3 = 2-7 ns 
Here, a = 0-2 dB km7!, x = 300 m = 0-3 km 
The intensity of light pulse over a distance x is given by 
ree os 


I = 
» — =e %* = 6 0203 — 6-006 — 9.949 


Ig 


6. 


Therefore, attenuation (in dB) 
I 
= 10 log 19 ina 10 log 0-942 - 
0 


= 10 x (0-026) =— 0-26 dB 
(a) Here, ratio of signal to noise power (in dB) = 21 dB 
noise power, P’ = 10-29 Ww 


1? 
Now, ratio of power (in dB) = 10 log,, P 
P eas 
Pdi 0) login 10-2 or logio 107-20 22-1 


ig 
ON cage d25:-9 or P=1-259 x 10°78 Ww 
10 


iP 
(b) Now, attenuation (in dB) = 10 logy, oe 
0 


Here, P = 1-259 x 10-'8 w, P, = 10° W 
1-259 x 107 18 
10-9 
=log 1.259 x 10" = 10 [log 1-259 + log 10-5] 
= 10 [0-1 + (-15)] = - 149 aB 
Since attenuation per km is 2 dB km7!, the maximum 
distance the signal can travel is given by 


Therefore, attenuation = 10 log), 


149 
x= > = 74-5 km 


Competitive Examination File (Unit X) 
sr _ REVISION AT A GLANCE 
Chapter 1. Analog and Digital Communication 


‘The setup used for exchaging information between a sender and a receiver is called communication 


0 Communication system. 


om. 
CO Transmitter. The part of the communication system, which sends out the information is called transmitter. 


CO Receiver. The part of the communication system, which picks up the information sent out by the transmitter is called recetver. 

C1 Communication channel. The medium or the link, which transfers message signal from the transmitter to the receiver of a 
munication system is called communication channel. 

CO Transducer. The device which converts energy in one form to another is called a transducer. 

O Analog signal. A singal, which is a continuous function (usually a sinusoidal function) of time, is called an analog signal. 


O Bandwidth. The frequency range of a signal is called its bandwidth. 

CO Baseband signal. The information bearing signal is called a baseband signal. 

O Digital signal. A discrete signal (discontinuous function of time), which has only two levels (either low or high) is called a 
tal signal. 

CO Analog modulation. The process of producing a continuous high frequency wave, some characteristic of which varies as a function 
he instantaneous value of the audio signal, is called analog modulation. 

0 Amplitude modulation. When the modulating wave is superimposed on a high frequency carrier wave in a manner that the 
uency of the modulated wave is same as that of the carrier wave but its amplitude varies in accordance with the amplitude of the 
julating wave, the process is called amplitude modulation. 

0 Frequency modulation. When the modulating wave is superimposed on a high frequency carrier wave in a manner that the 
plitude of the modulated wave is same as that of the carrier wave but its frequency varies in accordance with the amplitude of the 
dulating wave, the process is called frequency modulation. 

C1 Phase modulation. When the modulating wave is superimposed on a high frequency carrier wa 
he phase angle of the modulated signal varies in accordance with the amplitude of the modulating wave, 
dulation. 

CO Modulation index. The degree, to which the carrier wave is modulated, is called modulation index. 

CO Demodulation. The process of separating out the audio signal from the modulated signal is called demodulation. 

CO Pulse modulation. The process of producing a train of pulses of the carrier, some characteristic of which varies as a function 
the instantaneous value of the message singal, is called pulse modulation. 

0 Pulse Amplitude Modulation (PAM). The process of pulse modulation, 
in varies in accordance with the instantaneous value of the message signal. 

C Pulse Width Modulation (PWM). The process of pulse modulation, 
ries in accordance with the instantaneous value of the message signal. 

CU Pulse Position Modulation (PPM). The process of pulse modulation, 
in varies with the instantaneous value of the message signal. 

CO Pulse Code Modulation (PCM). The process of converting an analog signal into a digital signal by sampling it in time, then 
antising and coding it, is called pulse code modulation. 

CO Sampling. It is the process of generating pulses of zero width (durati 
the analog signal. 

The number of samples of analog signal taken per second is called sampling rate. 

O Quantisation. The process of dividing the maximum amplitude of the analog voltage signa 
Iled quantisation. 

O Coding. The process of digitising the quantised pulses according to some code (usually binary code) is called coding. 

C Bit rate. The number of binary digits (bits) per second, which describe a digital signal is called its bit rate. 

Mathematically : Bit rate = sampling rate x number of bits per sample 

1 Fax. The electronic transmission of a document at a distant place via telephone line is known as FAX. 


Chapter2. Space Communication 
DO Earth’s atmosphere. The gaseous envelope surrounding the earth is called earth’s atmos 


C1 Ground wave propagation. It is of the following two types : 


1. Surface wave propagation. When the radiowaves from the transmitting antenna propagate along the surface of the earth so 


; to reach the receiving antenna, the wave propagation is called surface wave propagation. 


ve ina manner that the magnitude 
the process is called phase 


in which amplitude of the pulses of the carrier pulse 
in which the width of the pulses of the carrier pulse train 


in which the position of the pulses of the carrier wave 


on) and of amplitude equal to the instantaneous amplitude 


1 into a fixed number of levels is 


phere. 


after reflection from the ground or in the troposphere, the wave propagation is called space wave propagation. 
0 Sky wave propagation. When the radiowaves from the transmitting antenna reach the receiving antenna after reflection in 
the ionosphere, the wave propagation is called sky wave propagation. 
0 Transmission of TV signals. The TV signals are frequency modulated. The maximum distance Hpte which TV signals - 
cen be received is given by 


d= J2hR, 
where h is he:ght of the TV antenna and R, the radius of earth. 


O Com.~unication satellite. An artificial satellite used for communication purposes is called communication eta, 
“] Remote sensing. Any method of obtaining and recovering information froma distance is called:remote sensing.. 


Chapter 3. Line Communication 


O Transmission medium. The link, which transfers information (message signal) from the information source to the ‘destination, 
is called transmission medium. 

0 Guided transmission medium. The transmission medium, which enables the message signal reach the destination by making 
it to follow a guided path is called a guided transmission medium. 

0 Unguided transmission medium. The transmission medium, which enables the message signal to reach the iiistinktan! plone 
an unguided path is called an unguided transmission medium. 

O Multiplexing. Simultaneous transmission of a number of messages over a single channel is known as rinltiglesing ap 

O Optical Communication. The use of optical carrier waves for the transmission of information from one place to another is 
called optical communication. 


10. 


An antenna is a device 

(A) that converts electromagnetic energy into readio 
frequency signal. 

that converts radio frequency signal into elecromagnetic 
energy. 

that converts guided electromagnetic waves into free 
space electromagnetic waves nad vice-versa. 

(D) none of the above. 

An antenna behaves as a resonant circuit only when its 
len, 

(A) equals 1/4 (B) equals 1/2 

(C)_ equals 4/2 or its integral multiple 

(D) none of the above. 

In modulation process, radio frequency wave is termed 


(B) 


(C) 


as 7 

(A) modulating wave (B) modulated wave 

(C) carrier wave (D) none of the above. 

Modulation is used to 

(A) reduce the bandwidth used. 

(B) separate different transmissions from each other. 

(C) ensure that intelligence may be transmitted over long 

distances. 

allow access to the intelligence at the same time to 

different persons. 

In amlitude modulation 

(A) the amplitude of the carrier varies in accordance with 

the amplitude of the modulating signal. 

the amplitude of the carrier remains constant. 

the amplitude of the carrier varies in accordance with 

the frequency of the modulating signal. 

(D) none of the above. 

Amplitude modulation is used for broadcasting, 

because 

(A) it is more noise immune than other modulation 
systems. 

(B) compared with other systems, 
transmitting power. 

(C) its circuitry is simple. 

(D) no other modulation system can provide the ncessary 
bandwidth for high fidelity. 

The purpose of oscillator in the AM transmitter is to 

(A) provide modulating signal. 

(B) provide carrier. 

(C) provide enough power to meet transmission system 
requirement. 

(D) none of the above. 

Modulation index of an AM signal 

(A) depends upon peak amplitude of modulating signal. 

(B) depends upon peak amplitudes of carrier and the 
modulating signal. 

(C) isa function of carrier frequency. 

(D) none of the above. 

An audio signal in the frequency range of 20 Hz te 10 kHz 

modulates the carrier. The bandwidth requirement is 

(A) 20 kHz (B) 40 kHz 

(C) cannot be determined from the given data 

(D) none of the above. 

In frequency modulation 

(A) frequency of the carrier remains constant. 

(B) carrier frequency varies in accordance with the 
modulating signal frequency. 


(D) 


(B) 
(C) 


it requires less 
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12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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(C) carrier frequency varies in accordance with the 
modulating signal amplitude. 

(D) none of the above. 

Modulation index in an FM signal 


(A) 
(B) 
(C) 


varies inversely as the frequency deviation. 

varies directly as the modulating frequency. 

varies directly as frequency deviation and inversely as 

the modulating frequency. 

(D) none of the above. 

Indicate which one of the following is not an advantage of 

FM over AM: 

(A) Better noise immunity is provided. 

(B) Lower bandwidth is required. 

(C) The transmitted power is more useful. 

(D) Less modulating power is required. 

In a communication system, noise is most likely to affect 

the signal 

(A) atthe transmitter (B) in the transmission medium 

(C) in the information source 

(D) at the destination. 

The difference between phase and frequency modulation 

(A) is purely theoretical, but practically they are same. 

(B) lies in the poorer audio response of phase modulator. 

(C) lies in the poorer audio response of frequency 
modulation. 

(D) lies in the definitions of their modulation index. 

While tuning in a certain broadcast station with a receiver, 

we are actually 

(A) varying the local oscillator frequency. 

(B) varying the frequency of the radio signal to be picked 
up. 

(C) tuning the antenna. 

(D) none of the above. 

Digital signals 

(A) donot provide a continuous set of values. 

(B) represent values as discrete steps. 

(C) utilise binary code system. 

(D) All of the above. 

In all pulse communication systems, carrier 

(A) is necessarily a high repetition rate train of pulses. 

(B) is necessarily a high frequency continuous wave. 

(C) is either (A) or (B). 

(D) none of the above. 

Indicate which one of the following system is digital : 

(A) Pulse Position Modulation 

(B) Pulse Code Modulation 

(C) Pulse Width Modulation 

(D) Pulse Amplitude Modulation. 

If a 10 kHz audio signal is to be sent accurately using 

8-bit PCM digital signal how often should the signal be 

sampled ? 

(A) 25timesevery ys  (B)_ twice every 25 ys 

(C) onceevery50ys  (D) 10 times every HS. 

In a PCM system, the number of quantisation levels are 

16 and the maximum signal, frequency is 4 kHz. The bit 

transmission rate is 

(A) 64,000 bits s (B) 16,000 bits s? 

(C) 32,000 bits s (D) 32 bits s!. 

The pulse communication system that is higher immune 

to noise is 

(A) PAM 

(Cc) PWM 


(B) PCM 
(D) PPM 
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telegraphy is : 


(A) on-o 


eo  (B) fr en 4 
(C) analog modulation (D) pulse code modulation. — 


Chapter 2. Space Communication | 


High frequency waves are 

(A) absorbed in F layer (B) reflected by the E layer 

(C) capable of use for long-distance transmission 

(D) affected by the solar cycle. 

As electromagnetic waves travels in free space, only one 
of the following can happen to them : 

(A) Absorption (B) Attenuation 

(C) Refraction (D) Reflection. 

The ground wave eventually disappears, as one moves 
away from the transmitter, because of 

(A) interference from the sky wave. 

(B) loss of line-of-sight condition. 

(C) maximum single-hop distance limitation. 

(D) tilting. 

Frequencies in the UHF range normally propagate by 
means of 


(A) _ ultra-violet (B) infra-red 

(C) visible (D) microwaves. 

The number of geostationary satellites needed fo 
uninterrupted global coverage is 

(A) 3 (B) 4 

(C) 1 (D) 2 

The most commonly employed analog modulatio: 
technique in satellite communication is the 

(A) amplitude modulation 

(B) frequency modulation 

(C) phase modulation (D) All the above. 

A payload that is invariably found on all communicatio: 
satellites is the 

(A) photographic camera 

(B) optical telescope 


(C) transponder (D) none of the above. 


(A) ground waves (B) sky waves 10. Satellite transponders -" 
(C) surface waves (D) space waves. (A) usea single frequency for reception and retransmissio 
For television transmission, the frequency employed is of information to and from the earth. 
normally in the range (B) use a lower frequency for reception and highe 
(A) 30-300 MHz (B) 30-300 GHz frequency for retransmission. 
(C) 300-300 kHz (D) 30-300 Hz (C) use a higher frequency for reception and a lowe 
(Karnataka Entrance, 1990, 1989) frequency for retransmission. 
The electromagnetic waves used in the telecommunication (D) none of the above. 
are 
Chapter 3. Line Communication 
(A) 0-3 dB (B) 0-25 dB 

; a = (C) 3dB (D) 64dB 
Microwave link repeaters are typically 50 km apart, 9. A light beam after emerging an optical fibre makes a: 
(A) because of atmospheric attenuation. angle of 10° with the fibre core-fibre clad boundar 
(B) because of the earth’s curvature. surface. If the fibre core and fibre clad refractive indice 
(C) toensure that signal voltage may not harm the repeater. are 1-5 and 1-49 respectively, can this beam propagat 
(D) none of the above. along the fibre ? 
Optical communication uses the frequency range of (A) Yes (B) No 
(A) 10° to 10! Hz (B) 10° to 10° Hz (C) The given data is insufficient to decide 
(C) 10'* to 10° Hz (D) 10!° to 10!” Hz. (D) None of the above. 
Optical fibres rely for their operation on the phenomencn 10. If the core/cladding dimensions of an optical fibre ar 
of given by 50/125 ym, the fibre type would be 
(A) reflection (B) refraction (A) single mode step index. 
(C) dispersion (D) total internal reflection. (B) single mode graded index. 
“An optical fibre has #,,,, = 1-45 and y,),3 = 1-48. Is this (C) multimode step index. 
statement true ? (D) multimode graded index. 
(A) Yes (B) No 11. The light emitting diode is usually made from 
(C) It may or may not be true. (A) germanium (B) silicon 
(D) None of the above. (C) galliumarsenide (D) none of the above. 
One bel equals 12. LEDs fabricated from gallium arsenide emit radiations it 
(A) 0-1 dB (B) 10 4B the 
(C) 100 dB (D) 1000 dB (A) infra-red region (B) ultra-violet region 
Losses is optical fibres is caused by (C) visible region (D) none of the above. 
(A) impurities in the glass. 13. The output from a LASER is monochromatic. It means tha 
(B) inperfect transparency of the glass. it is 
(C) its extremely small area of cross-section. (A) directional (B) polarised 
(D) stepped index structure. (C) narrow beam (D) single frequency. 
Attenuation in optical fibre is mainly due to 14. The type of source modulation required for digita 


(A) scattering (B) absorption and scattering 
(C) dispersion (D) none of the above. 

If the output power is reduced to 25% of its original value 
after passing through a fibre, the loss in dB is 


communication using a fibre optic link set up is 
(A) frequency modulation 
(B) amplitude modulation 
(C) intensity modulation 
(D) phase modulation. 
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ean WHY SHOULD YOU REVISE 2 | 


You cannot expect to remember all the Physics that you have’ 
studied unless you revise. It is important to review all your course, so 
that you can answer the examination questions. 


gun WHERE SHOULD YOU REVISE ? 


In a quiet room, with a table and a clock. The room should be 
brightly lighted. A reading lamp on the table helps you to concentrate 
on your work and reduces eye-strain. 


man WHEN SHOULD YOU REVISE ? 


Start your revision early each evening, before your brain gets tired. 


gum ‘OW SHOULD YOU REVISE ? 


If you sit down to revise without thinking of a definite finishing 
time, you will find that your learning efficiency falls lower and lower 
and lower. 


If you sit down to revise, saying to yourself that you will definitely 
stop work after 3 hours, then your learning efficiency falls at the 
beginning but “2° towards the end, 


to the end of the session (see Graph I). 


s your brain realises it is coming 


We can use this U-shaped curve to help us work more efficiently 
by splitting a 3 hour session into 3 shorter sessions, each of about 50 
minutes with short, planned, oaks between them. 


The breaks “be planned beforehand so that the graph rises near 
the end of each short session [Graph II]. 


The shaded area on the graph shows how much you gain : 


For examples; you start your revision at 6.00 p.m., you should 
look at your clock or watch and say to yourself, “I will work untill 7.00 
p-m. and then stop — no earlier and not later.’ 


At 7.00 p.m. you should leave the table for a relaxation break of 
10 minutes (or less), returning by 7.10 p.m. when you should say to 
yourself, “I will work untill 8.10 p-m. and then stop — not earlier and 
not later.’ - 
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eee HOW OFTEN SHOULD YOU REVISE ? 

The adjoining graphs show the amount of information that your 
memory can recall-at different times after you have finished a revision 
session : 

Surprisingly, the graph rises at the beginning. This is because your 
brain is still sorting out the information that you have been learning. 

The graph soon falls rapidly so that after 1 day you may remember 
only about a quarter of what you have had learned [Graph I]. 

There are two ways of improving your recall and raising this graph 

© 1if you briefly revise the same work. again after 10 minutesat 

the high point of the graph) then the graph falls much more slowly 
[Graph IV]. 

This fits in with your 10-minute break between revision sessions. 

Using the example on the last page, when you return to your table 
at 7.10 p.m., the first thing you should do is review, briefly, the work 
you learned before 7.00 p.m. 


The graph can be lifted again by briefly reviewing the work after 


1 d@nd then again after 1 weekTpat is, on Tuesday night you should 
look through the work you learned on Monday night and the work you 
learned on the previous Tuesday night, so that it is fixed quite firmly 
in your long-term memory [Graphs V and VI]. 


© 2Another method of improving your memory is by taking care 
to try to understand all parts of your work. This makes all the graphs 
higher. 


If you learn your work ina parrot-fashion (as you have to do with 
telephone numbers), all these graphs will be lower. On the occassions 
when you have to learn facts by heart, try to picture them as 
exaggerated, colourful images in your mind. 


The most important points about revision are that it must occur 


often and be repeated at the right intervals. 
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he book presents the subject matter in full conformity with the syllabi 
prescribed by C.B.S.E., New Delhi and Education Boards of other Indian 
states. To keep pace with changing trends in education at national level, the 
whole text has been arranged strictly according to N.C.E.R.T. pattern. The 
main stress has been laid on SI. The symbols and signs used for various 
physical quantities are also in keeping with the recommendations at national 
and international levels. 


The book provides a result-oriented training to young students. The whole text 
of the book is embedded with short notes in the form of The jargon 
(introducing apparently a new physical term with a proper definition), Key 
point (highlighting an important point in the text) and Watch out (bringing 
out the difference between the physical and apparent meaning of a physical 
term). Further, the text has been studded with simple Self-Study Questions, 
so as to provide an insight and a proper grip over the topic, as one learns it. 
The article work in each chapter of a unit is coupled with well graded and 
carefully selected Solved Numerical Problems for easy comprehension of the 
beginners. So that the students can prepare for the Annual Examinations in 
an independent manner, a large number of Very Short Answer Questions and 
Short Answer Questions have been incorporated in the book with proper 
Answers/Hints. Unsolved Numerical Problems for self-practice have been 
categorised into various types, so as to enable the students to choose the 
appropriate formula with ease. Further, detailed Hints/Solutions have been 
provided to Unsolved Numerical Problems. Techie-Stuff offers a special 
feature of the book. It contains real Conceptual Numerical Problems and 
Conceptual Short Answer Questions. It is aimed to provide intensive 
understanding and deep insight of the subject to the students, so that they 
get the feel of the type of questions asked in competitive examinations, such 
as |.1.T. 


The Competitive Examination File in each unit forms another special feature 
of the book and consists of three parts. Revision at a Glance of the contents 
of aunit is for easy and handy reference of various physical laws, principles, 
terms and formulae in that unit and for its quick revision. Numerical 
Problems from Competitive Examinations, such as I.I.T., Roorkee and I.S.M., 
Dhanbad have been provided with solutions by adopting a novel technique in 
the form of Thought Process. Armed with this technique, the students will be 
able to attack the otherwise brainteasing and seemingly incomprehensible 
numerical problems with great ease. Multiple Choice Questions set in 
various competitive examinations, such as C.B.S.E., A.I.1.M.S., A.F.M.C., 
M.N.R., C.P.M.T., I.1.T., etc have been thoroughly covered in the book. For the 
sake of easy preparation, these questions have been categorised into Text- 
Based and Thought-Based Multiple Choice Questions. The author is of the 
firm opinion that the learning is a continual and gradual process. With the 
Competitive Examination Files on different units at their disposal, the 
students would be able to master them steadily all through the academic 
year, while preparing for admission to professional courses. 
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